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DICTIONAEY 

or 

APPLIED CHEMISTRY. 


EXPLOSIVES. Kx])loNivc8 arp Holid, liquid, t in much Ims Benaitivo than the Bamo ex]^aBive 
or gaaeous mixture* or chem^al compound^,’ in the liquid state;, nitro cxploeivce that have been 
wKink ]^y chemical action (sot up **■ *'.* '-’ —' —-— 


which by chemical action (sot up in them 
locally by flame, by a blow, or by other means) 
generate suddenly largo voIuijdoh of heated gas. 

The rate at which the expansive force, which 
characterisee an explosive reaction, is dovidopod, 
varies considerablv, and detorminis whether the 
reaction is a oombustion, explosion, or detona¬ 
tion. These terms arc purely ivlative. and 
there is no definite lino of demarcation Ixawucn 
them. 

The factors determining the rapidity of an 
explosive reaction arc tlio chcuiical nature of the 
explosive, its physical condition, tho conditions 
nnder which it is exploded, and the method of 
hrir^. 

Tho energetic action of an explosive largely 
depends on it* rat*; of chemiial change; in 
chemical compounds (like nitroglycerin and 
guncotton) the reacting atoms art; in much 
greater proximity than arc those of a mcchani- 
cal mixture of solids (such as gunpowder), and 
in the former class the rajlidigy of the chemical 
action, will be greater than in those of tho latter 
class, compost of constituents by themselves 
non-vploeive. 

Nearly ^1 tlie explosives in actual use are 
insUmces of oxidation, tfxygcn being supplied 
by a nitrate, by nitric acid, oy on NO- group, or 
by a fihlorato or perchlorate. 

The oxidising compounds used in explosive 
mixtures and explosive compounds are fre- 

n itly endothermic substances, the heat of 
mposition contributing towarol the ex- 
jM^ioD of the gaseous products of the explosion. 

The oonditioDS for complete combustion of the 
combustible elements oo not always give the 
maximam explosive effect; carbon buj&ng to 
mmiaxide gives a lar^r evolution of gas, but 
less evc^ution of heav than on complete com* 
bmtion, uid the best composition for any given ' 
ex|dosive ^ect has to be determined by experi* f pellant the 
meet. ^ 

The jdiymeal emiditiou of an ex|doaive has 
a ^hariced effect on its explosibiiity siul t^J 


fused and cost arc less sensitivo to detonation 
than tho saroo explosives in the crystalline or 
powdered condition, and the same gunpovder 
mixture gives various effects acoorwig to the 
size of the grain. 

Confinement increases the offoot of all «x- 
plosives ; the more rapid the explosive the lass 
tho confinemont necessary to obtain its maxi* 
mum offoct. The power of merouxy falmlnate 
is but little incrcasod by confinement, but ez> 
plosives of the gunpowder type requini to be 
strongly confined to produce disruptive effects. 

Ah explosive reaction may be initiated hy a 
l^ated solid, a flame, by friction, by perouasmn, 
an electric spark or current, or by the oon* 
cussion from another explosion. The nature of 
the reaction is largely conditioned by the method 
of firing adopted; nitroglycorin or guncotton 
in contact witn a flame bums quite quietly in the 
open, but when fired by the detonation of a 
small initial charge of mercury fulminate, the 
whole mass of the explosive decomposeo 
practically instantaneously, and detonation 
results. 

The various explosive reactions differ cem- 
sidorably in the amount of impulse necessary 
for their initiation. To have value as' an 
explosive, a compound or mixture must not be 
too sensitivo to impulse. Substances like 
nitrogen iodide and dlaxobenzeno nitrate are 
too sensitive to have practical value. The 
moet sensitive explosives in use, such as mercuity 
fulminate and its mixtures, ore used in small 
quantities in caps and detonators to initiate the 
explosion ftf larger masses of less seoaitive 
explosives, propellants or high explosives. 

* The value of an explosive os a propeilant or 
high explouve depends on ffk density, on 
quantity of gas am beat liberated, and on the ' 
velocity of the explosive reaotioo. For a pro* 
pellant the gas and heat evdlutipu mnst te 
high: for a ^haexplosive it is aS omso sy tiwl 
a( the factors raoukThave e high Talee. 

_ --- --— Explosivei may,be oksaiflea dilier aooafdi% 

flharawer ol the explosion; irozen nitrogiyoorin Pto ehev nhemicaf oompositi<m,nUtio : 

VoL. la—T. 



BXPLOSIVEB, 


aistorw or exDlo«tvo comjKmftds; ikccording to • 
Uieir effect tbo pur^Hiee for wM^ they arc , 
employed, into ‘ hlgn ’ or'Moee ’ exMoeivt;^ or ; 
* dlsruptivm ' aod ' prowIlantR ’; (# Recording 
to the danger in handling, trAruporting, and < 
•twiog thorn. 

Tn this article, the chomical claasificatiaon m 
adopted, as far a/< poraible. All tho Hubetancee 
having exploeive ]>n>f>4-'rticK arc not included, 
but only iiioee that have, or may have, value 
for prartical puqxjecH. 

Expuwrvji MtxTrriKM. 

In exploKivo mixturw, tho rombuHtjblc and 
eupportcr of combuntioD am prwcnl' in separate 
dngre<lionlH, which are usually not in thcniHclvee 
exploeivo. 'I’he uccwsarv sjKH-d of reaction i:- 
ensured by extmmcly fine subdivision and very 
thorough incoq)oration of the ingrt'du*nN arnl 
by tho oxygon being in a highly i-onccniintod 
and mom or lens easily IdxTatod form .\ii 
imjMirtaot charnctcristic of this eiass of ex 
plcwicni in that their efT(*cl may b<‘ varitii liy 
raring the proportions of the ingredients 

Explosive mixtures may 1 hi groiij^K'd, accoid- 
ing to tho source of their ox^'gen, into nitrate, 
ohioralc, perchlorate, &c., mixtures Only the 
mixlutoe of those oxidising subswiiu't>s %^ilh 
combustible ingmdionbi, in theriisehes rmn- 
oxploeive, and those cuntainmg only u small 
liroportion of an expiosivo eoiniiound ivd<lcd to 
improve the expIoHive propertica of (hn inixtuie, 
will bo considered under this heiuling. 'I'he 
mixIuroH of oxidising sulmtauccw wiMi explosive 
compounds, when' the former uie only of 
•econdary importance, will U* <‘ousi<lered under 
tho ruspoctivo ex()hmive compounds. 

Nitrate Mixtures. 

In the nitrates, the oxygen is in sutVicit'id^' 
strong cnmbiiialion to need a sonieuhnt ])ower 
fui duturbing ag<*ncv to libiuatc it, ho tliat the 
mtrat>e inixturcM arc not very Niuisitive and 
their action is comparatively slow. 

itilratc laix/Mnw.—Of the various 
nitraiivs used in explostvo inLxiiires, tho potas- 
sium Halt is by fur the Is-st adaptevl foi the 
purjHMc, and black powdi'r. or gunpowder, is 
the moKt important inemlter of tins class of 
•xploeivc.s. 

Gunpowder, 

iSince the introduction of smokeless powdei-s. 
gunpowder has Imhui gradually supi'rsedcd for 


mewt military purposes : both as a propell^t 
and a disruptive it ifl olieolescent. It is 
however, very largely used in industrial yiin i n g 
ojHirations, as a propellant for sporting purposefij 
as a bursting or opening charge tor shrapnel shell, 
and, the smaller sizes, for subsidiary military 
purposes, such as for primers and igniters for 
; large sraokclesK-powder charges, for fuses, and 
iVH un ingredient m certain conipositioriH. 

OrdiHfiri/ hhick gunpou'd> f con.'ji.''t8 of an 
' mtiiiiatc mixture of potaHHiupi nitrath, sulohur, 
tnd cfiarcoaL 'I’he compoHition of flic black 
powder used for niihlary purposc.s in different 
I'ountrics iH t»iven in th(‘ talilc bel"w • 

Knglwh black gunjiowders contain alwut ) to 
I d p c. moist un* 

- A short accciunt r)fily cd (he 
*pn>(<‘HH of rnaiiijfai tiui^ will Is- eivcn. inainl}' 
that iihcd at the H<\\al (hinpowdci Factifiy, 
Waltham Abbey. 

7 ’/(t" l}Uj7rdii>nl«. 

• • The mi}! eiiljihiyril at Wultlmni Ahhcy is 
; whfillv Indian nitn'.» As mipoited, the ‘ iiioimli 
saltpetre. as*it i.s (ailed, has lieen paitially 
jiiinlied, but lauitains polasHiurn anil .sodiuiii 
clilorideH. potassium, sodium, and eidcimu 
siilpluttes. suiid, and organic matter; llm 
total impuriticM averaging about 4.1 p e It is 
Huhuntted to a simph* refining proeess. hruiig 
lirst di.sHul\ed by heat in the wat-er used for 
w’ttslimg tlic juintied uitie of a previous opera¬ 
tion. Till' luiuid i.s heated to lioiliiig in large 
rclining e<>i>]icrH, the scum on l}ie siufiiee lieing 
eurcfiilly HKimnied off: the teinjicralnrc of the 
)i(|Uid IS allowed to fail to iO-p. and it i.s then 
lilNTcd tlirougli hags of eoai'so clotli into the 
crvstidliHiiig vcKsels The temperature of the 
solution on entering tho ervHtailisiiig vessels is 
about to kJ . the liipnif is kept m constant, 
agitation with wooden liws. wheri'br. tvs the 
lujiiid cools, fine crystals arc foimcd Tlie solu¬ 
tion iH not slim'd when its Icmneraturo is lower 
tJian If the solution wore left to crystallise 

undistiirlM'd, large crystals would form, and 
would I'ncloso mother liquor. The crystal.s are 
drawn to the side of the erystalliaer, and trans¬ 
ferred to draining fratnee, The drained nitie 
flour then receive# tlfree washingfi with distilled 
waUT m (juantiticH uuudheuent to disHoivt* the 
nitre, each washing is succeeded by drauuiig ; 
afU'i the last washing the nitre is drained all 
mcht. and is removed (oxeept tho bottom part, 
which I.s very moist) \o tho store bins. After 
about threv days in store it is ivady fi^ the 
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powder manufaetare, and conUinH from 3 to 
0 p.o. of mojature, according to the eeason; the 
wate# is estimated and allowed for io weigliing 
the charges. 

The waten osed for washing tlie crystals are 
employed for the solution of the crude nitre; 
the nitre is recovered from the orystaUiHation 
mother liquors by evaporation, and is treated as 
crude nitre. 

From *l>^ortiaux, it appears that the agita¬ 
tion of the solution of nitro during crystallisa¬ 
tion in order to obtain fine crystals U in gcueml 
use on the Continent; at least, he mentions it 
as in use at Lille, Wettoren, and Npandau. At 
the refineries at WotU'ren, and Spandau, 

he states that glue is added to the boiling solu¬ 
tion of the crude nitre (the weight of gIuo^b<*in^ 
about .tAi. that of the onido nitre); the glue 
coattdft^ing and carrying down orgn'iiic colouring 
matters. The procow of purification was the 
invention of Bi^-aiirne and Lavoisier, und existing 
proemses follow theirs wifrh slight modifications. 

On the Contmi'iit, and by most private 
manufacturers in tliis country, “ artificial ’ or 
‘ eonveraion ’ saltpcdre, or ' (iennan Haltp«!tre,J 
OH it is frt'([ucntly called, is almost exclusivt'ly 
used. It is tnadoljy diasolving 10 parts of sodium 
nitrate, ‘ ChiJo saltpetre,’ and 0 parts of potiw- 
siura chloride, obtaiuiMl from ytassfintii * cur- 
nallito,’ in mother liquors from iinwioiw opera¬ 
tions, concentrating and crystalliKation. It is 
refined iw above. 

In 1804 IJellick discovered that ‘ (icrmaii 
saltpetiY) ’ frequently (contained notable quan¬ 
tities of p<>n‘hlorutc, and it was staUni that 
several liccidontH in powdt'r factories eoiiicidiMl 
with the presence of a oonsideiahJe percentage 
of ])Oi‘eli]oratc in the powder, ft was subse- 
quontly shown that powder cemtaining p(T- 
chlorato was not unduly sensitive. Tiio per¬ 
chlorate is, however, not uniformly dintrihuU'd 
in nitre, but tends to agglomorato, and the 
irregular shooting obtained with some foreign 
sporting powders, »b compared with Knglwh 
ones, has been attributoci to the contained 
perchlorate. 

The mdphur employed at Waltham Abbey is 
native Sicilian sulphur, o^h# licet quality. In 
Sicily, the sufphur mineral is subjecUsd to a 
liquation process, to separate the sulphur from 
the It Ktill contains 3 to 4 p.c. gangue, 

from which it is freed by diHiiDation. It is 
distilled from a large iroft retort, jirovided with 
two tubes placed at ri^bt angles to each other; 
one Aibo (16 inches wide) communicates with a 
large dome-shaped subliming chamber, tho other 
tube (5 inches wide) enters an iron pot wliicb 
re(uivee the distill^ sulphur; tl^ lubo is 
jaoteted for cooling with water. The tubes can 
be connected with the distilling vessel or cut 
off from it by means of valves. The distilling 
vessel receives its charge of sulphur, wibic’h is 
heated to boiling; during the earlier stages of 
the distillation vipouTs are ^nt into the 
snblimiiig chamber, where the sulphur condenses 
as * fiowen of sulphur *; later on the sulphur 
vapour is sent through the Oontfenser, from v^ch 
it runs into the reoetrer in l^'liqiildlorm. It is 
allowed to oool sqnpvhat, but |o its solidi- 
fytitf imint, aad.^’IlK^adled intotvItecBSt wooden' 
ftkotSdw. S^phuzv of snffioi^ {m^y io be 
used in explosives withont fmottor tarsatmpint 


is now :^tamed in large quantities, by 
‘ bbui the oaldnm sol* 

pJude, is the c^ef constituent of the 

residue formed in tho manufacture of soda. 
Much of the sulphur used by private firms and 
abroad is also obtained from pyrites. The 
‘ flowers of sulphur ’ are not used in the manu¬ 
facture of tho guni>owdor, as they usually contain 
considerable quantities of sulphurous and sul¬ 
phuric acids, but arc redistilled. 

The sulphur igniting in air at a low tempera¬ 
ture—about 260°—itmdcrB tho gunpowder in- 
fiamiuable, and, oxjHM'ionco has shown, improvee 
the keeping qualities of the powder. Under the 
iufiuonue of proHsure in the manufacturing 
prui^Kses tho sulphur Hows and becomes 
colloidal, and cemonts the particles of the 
ingrediontfl together. Sulphurless gunpowder 
is oomparativoly friable. 

Tho rfuircoal. For making tlie charcoal for 
gun])ow(ier, soft and light woods are chosen, os 
the charcoals tJioy ytolu are more rua<lil}id 4 {idt- 
ablo, of an avorago growth of fropi two to ten 
yoars. Tho wood should l>e cut m tho spring, 
j wlion it LH in full vegetation, as then its j^iars can 
; readily bo rouinved; in the sjiring the tree is in 
' fulhvst Hap, but tliu sap in very watery, and 
I contains but little salts in solution. 

! At Waltham Ablwy, tho woods used are: 
Die ald(T bucktliurn (ffAamnus Jranfpth, L., im- 
proiM'riy called dogwood), alder, and willow 
(.SVji.r (ilha, Ia). Dogwood charcoal is preferable 
hir Htnall-grain quick-burning powuomfor 
powders of larger grain tho slower alder and 
willow charcotds aru usod. Tho woods are 
grown in Kngland, and are cut about four inches 
in diameter. 

Ddsortiaiix stutuH that in France tho so* 
caiit'd dogwixid {Jifuunnus frangvia) is exclu¬ 
sively employed for making the charcoal for 
military an<i sporting powders ; ho states, how¬ 
ever, tliat it In becoming increasingly difficult to 
procure, and that tliey arc trying to replace it 
by willow, or by tho wood of tho sninalo tree. 
In O-rmany, ‘ dogwood ’ {R. frangula), willow, 
and alder are used; in Russia, alder; in 
Austria, alder and hazel. 

At Waltham Abbey, wood is usually kept foi 
about three yearn, dogwood in thatched stacks, 
and willow and alder pilod by cords in the open, 
IJy tho metliod of carlmnisatlon there followed, 
: 25 p.c. of black charcoal should bo obtained 
1 from tho wood, rather more from dogwood, 
i The wood w cut into throe-feet lengths, which 
I arc split if differing much in thicknees, and 
: h paAcd into iron cylindrical cases called sUps, 
; 3 feet 6 inches long, and 2 feet 4 inches^in 
: diameter. The lid is fastenfxl on, two'opening 
j (each about 4 inches in diameter) being left m 
! the bottoo} of tho slip. Tho slips are thM 
i j>laccd in horizontal c^dinders, the end of tbs 
I shp ifith the openings going to the further end 
I of the cyUnder, in whioh eni^here are openings 
i corresponding with thoso in ^ sUps. 

. * The cylindeiB are closed by tightly fitting 
I iron doors, and are built into tNt wall, wxtii for* 
I naces undcmeatlL so arranged a^to admit of 
j the accurate Agiaation of heat throughout 
j ttt operation of charring; this oocuptos with 
Uc^ood about 4 houn for lUF.#., and 8 Imua 
rfc^R.V.0* Ruimow^ipi. 7^ flamea su 
4 the ovlindsr. Iha WrioOiu a« BMiljr u I 



4 explosivek. 

on it 4 i wiioto Kurfw^. The jjbww and volatilwod wroujjlit-iron heated by a fire. Kor the produo- 
lar from the wikkI j»a*w out through Ibo ojjeniji^s lion (frrmi dogwood) of charhon roux containing 
in Iho slip ami the coynwooniJing bol».‘H in tlie 70 p.c. carbon, the Ujinperature of tho Htcam 
i^tort, int(> pip*** cominuincating with the fur- had tr* Ixi about 280"; by usbig Hteani licatcd to 
nace in whicn they are burnt; thi« waven a <'on- about 350", charcoal containing 77 p.e. carbon 
fidcrablo anif>unt of fu<'l. When tlu; wood baa wivs jjrodm^cd, and by heating both cylinder and 
been sunicientlv <'harred, which is hiiown liy the steam to a tcrnjx'rature not exceeding 450", char- 
violfit colour of the flanu* frtun the buiimig gius, *'oal of Hi) p.c turbon was obtained. Tho char- 
indicating the formation of carboni*' oxide, the coal jiroduccd hy means of superheated steam 
(dip is withdrawn by means of tackling, plnceil n remarkably unifoim m compo.sirton. The 
in a large iron iitse or eoohT. covere<i with a ifetliod, how<-v'«T, was aliaiidoiKMl, because it 
ohsu'ly lilting lid. and allowed to remain until gave a larger yield <if <h<iib<in» r(iiu\ but not of 
hU the tiro is extinguished, wliich fakes about black clian-oal, Ilian the oulinaiN method of 
4 hours; the <diarcoal is llien emptii'il into ^ kibonisation in cylindei.s ; uiid iIh' lightly-burnt 
4tnalif*r cooU'rs. and sent to store. PIk* cliar- clianoal was then only icijiured for sporting 
<Joal is tiarefully pn ke<l over bv hand, to lu*'*'!- ^iowd<T Abo. tlie cost of piodiiction of the 
’ tain thivt it iill is properly and evenly burnt. I’harc^'al bv the Huperln-ateil stcain apparatus 
and that no rivi'ts from the slips have lii'ikeii wiv* gnvttt'r 

off. It IS then kept, from Um days t<i u fortnight tlnttlcr. 'in IHS7. invente*! a }»roees.s for 
in stsire befori' being ground, to oliviat*' the l•a^l^onlslng wyod, ('specially cuttings and }Hilp, 
dangorfrtun spontaneous cfimbu.stioii (caiiscil bv straw, jx'at, ,iVc . in healed CO,. Carbon 
almoi^tion of oxvg<*n from t he air) to < liHi - droxidc is stated to* be iireh raltle to sujier- 

coal is liable when ground (hix-ctly afti'i burning heat«'d steam, on (lecimnl of I fie nioi.st state 
Th(' smaller the cvlindei'M used, tin' intjit' of tlie iharcoal wlun eool«‘(l in the sl('am. 
uniform is the compo.sitioii of the eharcoal ]*ro pluses of C(»inl)iistu>ii, a.s fre<' lu* ]jossible from 
*lueed, Him’e so high a t<*mperature i,s not needed ovygiui. aie a'diially used A producer-furnace 
to carry tlu' heal to the eetitn* of flu' charge ; in is aiiangisi \iy the side of tf,e ciiarniig furnace, 
t.fic Kiighsh jmwih'r mills, the tendeiiey luis Is'cn in wdiicli th*‘ (M), is produ< ed hy blowing iMr 
to use small eylinders, some of whieli liold only lliroiigli burning eok*' In me.Liis of a fan. I'he 
77 Ills of wood The use of small (\\ linders, how- i arbonic aci(| gjw is then blown thr*Migli a tubi' 
ever, nuses tlie cost of jirodiietion f Desortiaux) into tift' earboiiisiiig eyliudei duiing the carbon- 
Violetto stales that, for the same (empera- ising of (lie woisl, I'oc , and tlie tlow' of CO, is 
tun*, a slow' r'ltrbonisation giNtvs a miu'li higher mainliiitierl during the cooline, whudi in eon- 
yiaUi rrf charcoal than a ijuick curbonisutioii ; si'ijiu'nce of the pies('ncc of tlic gas iiui.\ be very 
the |M*rccnb^e of carbon being also a litih' rapid 

hi^luw in tlie former case. ('o/iiysio/m//, <(r., of f/u rAo/crxi/--^('aibon- 

InsUvvd of H.xed carbonising cylmd(’rH, ising tin- wt»od raises tlu* ji(‘rci'nla.g(' of carbon, 
movable ('yinulcrM an'now used in most blaik- diminishing tlie pi'rccnfages of liuliogcn uiul 
fKiwder faid,one«. No ‘slip’ is list'd, bill two o\yg<'n 

cylinders an' jirovidcd foi each fiiinace. oiK' |)c.sortiau\ statt's that, woods reccnil\ cut. 
being charged while a earlxunsation is liaM' a!m(»st the saiiu* )ierc(‘iitage (oiufiosition ; 

ctUHling in the other The charged r\lmd<'rs the mean coiiijmsition of the diied wood heaig 
an* run into the furnact' on raiLs. winch support 45)‘37 ji.e C, ti ll ]»c H, 43-12 jic. () and Is’, 
them over the lire. .An elaborate annngeinent l•07 ]>»' ash. 

for tho M'gular *listnbulion of tiie gases and Heirit/. gives tlu' comjiosition of alder wood 
products of dist.illatioii of the w'ood is used, by f/itnu.'i ash. as 4Hti3 p.c C, .5 114 p.c. f-f, 44-7o 
ineans of which tiu'y can at will lie dirccU'd into p.** (), bdiH p.c. N, ' l*ct-<Tson and iSch(>d]»T give 
any oiu* (d the furnace** iir a.lhiwe<l jiartially tt; ald(*r wood tniini.-iUixsfl as 40-20 y.c. C, t)-22 ji.*'. 
eseaiK* hy tlu* chinuuyv. H, 44-5H p.c. () and N. 

The pnnci[>al utlvanlagcr* claimed foi this On heating, wnU-r. carbon niomixitlc. carbon 
nystom ar*' homogeneity of the charcoal, tin? dioxide, livdrogen. acetic acid, methyl ai«oh<j| 
really n*giilation (*f tlu' conihuslion of tlu* gasi's and tar are puuluced. 

by moans of the <h.stribution apparatus, ami the Vioh*ttc found that dogwo<*d W'as eonverted 
e<K)!ing down of tin'vhareoal out of contoet. witli into slack-baked charcoal {r?iorhoti lotir) at a 
the Hir, which docs away with th«’ pi>sMbihty *'f b'mjHTaturc of 280"-3(M)‘' ;• at 300'^ the yield (on 
tho charcoal taking tire. tlu' small scale) was aUuit 34 p.c. and the com- 

, In Bomo Knglish factoru's. vcrticid movable jiosilion of the charcoal wius 73 24 p.c. C, 4-25 
cyluiden* are used, the aiivantages <K'iiig that a p.c. If. ^L^)4 p.c. O and N, 0 57 ji.c. ash. Jic- 
larger numlx‘r can U* Jirtxl at the same time, and tween 350^ and 400", black charcoals are pro- 
tbo moving of the cylinders into^ho eiKiImg duced. the yield b<nnp Irotn 31 p c. to 28.j).c.. the 
• room is groatly forilitatecl. coinpcisitiou ranging from about 77 p.e. to HI 

Ifoekmann mentions that some year| nf^> pc. Hetweon KXK>" and 125(>\ the charcoal 
the use of rotatiqp cylinders was introdiu'cd in obtained was very black and hani. the yield was 
Sw^'den; the cvHndefi being tunu^tl IM)" af>out alK»ut IH p.e^ and the composition of the char- 
their boriKontal axes every half-hour during coal 82 0 p.c. C. 2 30 p.c. H, J4‘10 ji.c. O and K, 
OM'bolUsation. is st^ito*! that a inort* uni- TliO p.c. ash, at the lower temperature, and 88'14 
form *orls>nll«ation is obtained, and fuel s»ve<l. p.e. 1-42 p.e. H, 9-24 p.e. O and K» I'20 p.c. 

Violette, in 1H48. introduwd*tiie earboznsa- ash. at the higher temperature, 
ttpii of wood by means of siiperlnMited steAi. Kxperiments made at the Cheimcal Depart- 
steam wai^iwed at a proosure of 4 to 1 atmn^* ment of the War Oopartment showed grtiat 
and was nfusi^ the required feni- difforenee in the specific gravity of clutfOOaht 
IMflmire by beiri| palsea though a worm of* prepared from willow and alder at 394°--668‘^ ; 
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their speciHc ji^ravity at 15*0'' wan 1*41 to 1*44. 
Willow charr^ at the maximum temperature 
of 394*^ for 9^ hours had the composition of 79*22 
p,c. C, 4*02j).c. H, 15'32 p.c. 0 and N, 1’44 p.c. 
ash, and B|)eoifio graWty (at 15*0°) 1*414. 

The higher the temj)eraturt‘ of rarl>oniBation. 
the loss is the inflammahihty of the charcoal in 
air, and the greater the thermal conductivity. 
Violette atatos that the charnoalH prepared from 
any kind,of wor>d at 300' take (ire wlicn heated 
in tho a^r to 300®-4l80" : the chareoalw from ligiit 
and porous W{)ods burning more easily than tliole 
from hard and close woods. For tlio saiiu' woofl 
lie makes the following statement oh to the 
rtdation between temperatme of charring and 
t hat of inflammation in air : - 

Temi>crature of Tenipcrnlure of . 

oharriiitf iutlaiiimitUon • 

2(i0"-280 340 3(i(V' 

20O'’-3r>O' 3<Hr-37()^ 

432^ aUmt 4(M>'’ 

KMiO’-loCm^ ^ _ (itMV’-KtMl^ 

Tho lightly-burnt charcfial.^ are much more 
absorbent of watcT than tiiose clsirred at a liigh 
temperatun*. . 

Tin* ehareoals useil for the various kinds of 
Service bla<‘k gunpow<ler range m eompfisition 
from about 75 p.c. (’ to SO ]).r. ur-i'ni-ding to 
tho nature of the powder. All oIIkt eomlitioiiN 
Ixdng the name (vi/.. proportion of KKt),,. N. and 
t’hareoal, size of powder, donsity, anil inois- 
ture). the ehareoal burnt at lower t.emj>enilures 
(having lower percentage of carbon) gives higher 
iuur./.ie-velocitics and jirensurcH Mian chaicoal 
burnt at liigher ti'inperatures and having 
higher fiercentoge of carbon ; that is, for gun* 
powder of llie eomjiosition 75 p.c. nitre, Ift jj.c. 
sulphur, and 15 p.c. charcoal. The greater in 
llammahility of the light^'r-burnt ehareoul makes 
tho gunpowder, of whic*li it forin.s part, ijuickcr- 
huming. 

Tho wood is chantHi to expel inoisturo, wli^h 
would lower the temperature of the explosion 
products of gunpowder, and to obtain a char¬ 
coal of auitaolc inHaminability. ('liareoal for 
large-grained powders should be. jot-hlack in 
colour; for small-graini'il jiowders a more 
slackly burnt charcoal ofc li^wn-lilack colour is 
used. Beford use the charcoal is hand-picked 
to remove any impurities and any portions 
inad^iciently ‘^lumed.’ 

Appended is a table of tlio jicreentage com¬ 
position of some charcoftls from gunpowders of 
Waltham Abbey make, and td a sporting powder, 
whiBh will serve as types of tho charcoal used in 
the different kinds of black gunpowder :— 


j Pulverising^ mixing, and intorporating th« 
ingredirrds .—At Waltham ^^bl>oy, the raftned 
nitre is iised for gunpowder .without being pre* 
viously dried or groun(l, but the moisture is 
estimated and allowed for. The charcoal is 
I ground in a milt; thogrinding is done by a cone 
' working in a cylinder, both being suitably 
' toothed. The ground charcoal is made to pass 
through a spout into a involving rtyd of 32-mesh 
eopisr-win^ gauze, 8^ fotd long and 3 feet in 
diameter, inclined at an angle of aliout 4” to the 
luinzontal, and making 38 revolutions per 
minute. 'Fhe charcoal which passes through 
the gauze is fit for use, and is collected in a 
closed ix*el ctwo : the eharcoal too coaree to pass 
through the gauze falls through tho further end 
of the reel into a vessel, and is reground. Tlio 
sulphur is ground under a pair of iron edge 
runners, a snialJcr-sized incorporating mill, and 
ib' sifted through a reel similar to that used for 
the charitoal. 1‘rceautifins are taken to connect 
the Mulpliur mill to oaith, in order to allow the 
electricity geueratcMl by tho nibbing «{ tho 
sulphur to eseujio, and tho machinery is not 
run rapidly, in soino works tho sulphur is 
mixed with a little nitre before grinding to 
prcveid t']e‘ctri}ication. Bo«id<w tho danger of 
ignition liy a spark, tho cleetrical charge cauara 
t he sulphur to ball together and interferes with 
the grinding. 

The ground ingredients are carefully weighed 
out in tlicir proper proportions; the largest 
eliargi! worked in tho ineorporating mill is 80 lbs. 
'I’he charge receives a preliminary mixing in the 
mixing niacliino, a cylindrical drum of gun* 
meta! or (:o]iper, about 2 foot 9 inches in diameter 
and 1 foot ti inches wide. An axlo bearing 8 
rows of gumnotal ‘ flyers ’ or fork-shaped arms 
poHHCH tlirough tho centre of tho drum •, the 
drum and arms arr'i made to revolve in opposite 
^lireetions, tho former making about 40 revolu* 

' tions ]K'r minuU', the latter 120. Tho mixing 
occuipies five minutex, the mixture being then 
hann-sifted through an 8-meeh copper-wire 
i sieve over a hopper, to remove foreign sub- 
: sfanoes, which otherwise arc liable to cause an 
; ignition in the incorporating mill; tho ‘ green 
charge ’ is then tied up in a bag ready for the 
; incorporating mill. 

'J’lio incorporating mill consists of a circular 
; iron l)cd, about 7 fei*t in diameter, very firmly 
I fixed in the floor of tho building, on which two 
i iron eylindrical edge runners revolve. Tho 
i iron runners arc feet in diameter, 15 inches 
’ wide, and weigh about four tons. They have a 
I common axlo resting in a solid cross-bead 
{ attached to a vertical shaft, which posses 



0 . . 86*26 I 80*32 75*72 77*88 77*36 

H . . ; 2*08 ; 3*08 I 3*70 3*37 3*77 

0 (and N) 10*16 | 14*75 18*84 17’^ 16*62 
Ash . . 1*60; 1*85 1*74 . M5; 2*26 

‘ u 

(itobleand Abel, Phil. Trans. 1880, 171,«I8,' 


I through ^ bearing in the centre of the bed.^and 
; is in gear With the machinery. 

I The bed has a sloping outside rim. Tho 
I runners aae at an unequal distance from the axis, 
the cceentrieity being equal to half the thickneui 
Isof « runner; they thus work the charge in 
j tho inner and the outer pfft of the bed, their 
l^naths ov^lapping. The runners are followed 
j oy two ‘ plouglui ”of wood, covered with leather, 
I attached to the cross-head bytfrnis ; one j^ugh 
I works near tho vertical shaft, tb# other near ^ 
rim of tho bM, throwing the composition under 
runners. 

> The green charge is spread ^ealy on the bed 

4 lift witll liii mranMJi sd m waIta . ^ 



EXPLOSIVES. 


damp with iIm^ iii'iiHliiru of flif nitro, hut un 
additional #jujvipiti', of dintiHrfl water (ii to 7' 
pintit) JH added frojn time U> tune, aepordin^ to , 
t/io fttaU* of the aUuosphiTo; the moixture ' 
the nieorjforaHoti. uritl thi‘ fliar>'e in kejd 
not too dry or jt would lx* hcalU-reil as duxt, not 
too wet or jt wniild xljji away fonn the runiierH 
or eJin^' Ui tlirrn. 

The iron rujitjej-h niiik«* H revolutions ])er ■ 
minuto, the urei-n chario- js w<*rke<l undei' tlieni • 
for 4 hours for It F,(h powder, for 7 to 8 lioiirs I 
f<»r K pondi'r, atuj for II hours for K-LO'^ 

and H.f/te*. an<I joworked eJmrf'es ere j 

Wfirked for 4(> joiouleH 

A (In'iH'lnne appuralu-. is plaee*! over tlie 
IhmI (»f eaeh Miiil. hv nieuTi.s of which, in ea.si- of 
un ('Xjilosion, a laiik of wal/’r is overturued'and 
the ehaiyo drnwina] Tins iw done bv the jwtion 
of the e.vploHioii f>n u lint, wofxlen le\er 

arrarieenieii!. pi\oted, and attivrhed to the lank. 
Hy riienns of a hori/rtulal shaft ennncftiu;.'- all 
the levers of a ^rriup of mills, an explosion in 
fine iiMI drowns all the otherH. 

Th»‘ shorl radius of tie- ein-ular )nitli 
traversed l‘\' the runners eausi-s them to tuki- a , 
twisting as well as a rolliru: motion, and ^fivcs 
them a eoinbined erushintf Jind irnndin^ action 
very f»ivouial>le to th(' tihorfMi;jh trituration an<i 
iiu'iirporation of the ingredients, 

'liio ‘ iniil eiike,* as tlu’ worlved eharee is 
callial, should iuue a uniform appeaiiitue, and 
ahoulfl eonluin I ji <' to .S p t nioe^tuie foi sin ill- 
arm powileis. Il pe to ti pc foi till' iai'L'et 
grnitU'd powdetv Aii\ ‘ mill caki'' h-ft, [immU 
linked on the IhsI is removed bv woodmi touK 
»fU‘r tlioroiiLdily nioislemiii: Manv miidents 
itftve U'en eaumsl lhrout;li the use of im-tal 
tooln 

Ji/aik'in(i tfou n tin- nnli cul- on I p/r.ioi/v 
—The niill-cftke is ne\| ii'dueed to meal, foi’ 
ponveniettei' m ehari’im: the pre.ss bo\, aiul in 
onh'r tliHt t he powdiT may be unifornily powsed 
The mill I'ake is biokmi <lown liy iiu'ans of 
fcwo pairs of ^un metal rollt'rs. tlie upper jiair 
beini' grooved and jilueeil ilirectly auovi' (lie 
other pair, whudi arc smooth 'I’lie rollers 
revolvt' t.owarfls eaeh other, flanj^erous friction 
from the ueeidenlal pn-Henee of any liard siib- 
stanre Isan^ pi-evimted bv one rollcT of eaeli pair 
working iu slidiUii lieann^'s (’(jineeted with a 
weijfhts'd lever ('aiisirijj a ptx'ssurx' of about 
/lit lbs., .so that tlie rollers would open lit nus 
grenter pres.sure 'I'he rollers an* feu with nnll 
cake fn>m a hopper (placed at one end of the 
innohine, Ndow the level of the u}iner ]>air of 
rollefs), bv rneams of an en<llo88 ban« of caiuiks 
2J feot wule. with cross strips of leather sewn 
on «vt interx'als of alx>ut 4 moh<.>s .The haml 
paMKw over a roller at the l)oitf>m of Ihe h(»p]H'r, 
and over another plawal above the upiier pair of 
rollers; on set in motion it farries the 

fl^e from the hopper to a ^>oint from which it 
falls on to the Hrst pair of n*llers ; the eriifhcf^ 
oako then falls on It the second paiiL by which 
it is rediioixl to meal. It falls into wooden 
bozai» and is transferred to a mazarine ready 
lorm'ossing. ^ 

live iS prmsed into calls In* a hydraulic 
pram, fed from an at^oumulator, uve head apd 
ted’plate of whh'h are made of cast iron or ea^ 
atael. The powder is promed between 

I font K inches bv 2 f«M 4 inches and about 


^ inch thick. Formerly braflfl platoe were used, 
but now ebonite platex are usually preferred, 
iKicauso they are not so easily bent out of shape, 
and also })efauHo tliey liav'o suflieicnt elasticity 
to transmit the pressure evenly all over tiie 
layer <if powiler, even if they should got out of 
the hon/ontal. They have the disadvantage of 
becoming easily electrified; in fact, altemato 
layers of (‘bonite and powder really form an 
electric j»ile. 'I’o obviate any danger.from the 
p^HHilile lucuniulation of electricity, ilia presses 
an- iirovidi'd with an earth connection. 

In cliarging the pnws, a plak^ is first put on 
Ti ( he cari uigc.aml round this is jilaeed a wooden 
flame, deeper than the thickiK'ss of t.he plate, 
'riu-' frame (Hied with powder, and the surface 
Btnoolhed bv means of a flat lath, and a second 
plate iilaced on tie* top Tlui frame is then 
lifted to tlu^.h'vel of tlie second plate, and the 
proccHs repeated until tlu* whole charp(! is made 
ii[) A pressure of betxvecn ‘175 and 450 lb.s. per 
iMipaie null is }fi>plied.»acconlirig to the finoiU'SH 
or the powder, the pinoimt of moisiure it. emi- 
taitis, the s(ai^' of tlu' iiirnosjiherc. and ilio 
dcnsi{\ rcipiircd, 'riu* pr(‘s,suc<‘ is slowly 
a^iplicd. cased off and ivapplied several times 
in ordei to obtain gn^at density without using 
c\c('.ssive ]U('HhUi'«‘s : llie eompri'ssiori tisuully 
lasts from .’10 to 4(1 ininut(‘H A pres.sure of 
!{75 IIh per squari' inch applied tor from 1.^ tn 
L* luiiim produces a cake with an average density 
of 1 *7 to 1'S 'Die cerifn* of tlie eake lias, how- 
e\ei, a gieatii density tlian the edges; the 
ctliii's (if iIh' fake are on that, aceounf cut aw’ay 
t(< tln‘ evtciit. of uboiK an inch The aiiiount. 
cul uwa\ need not e\((‘ed 10 [i c 'Die centre 
lasers of the pil(' aie sliglitls less < om|.iresscd 
tlian the lo)i and iiottom layeis, but these 
dillcrciiccs in di*nsit> aic Tiartlv removed by the 
subscijueiit (»pi“ratioMs The layers of pres-sed 
take arc broken into ]ueces willi a w’ooden 
nurliet and put into barrels. 

oi ('(miiuij. —'I’lie pieHs-eake. is 
converti'd into grain by nu'ans of u nuu'liine 
consvsling of three or four horizontal jiaii-s of 
guii nietal rollers in a gun-metal frame. The 
paiiv of lolh'rs are pliK-ed one above the other, on 
ail axial line inclm^l^t alxuii .’1.5" to the liori- 
zontal. the \cittcid distancr' l)ot\#een the jiairs 
ttf rolU'is Is'ing almut 2^ fwt >\)r fine-gnwn 
])owtiers, the highest ]iair of rollers 
A incii apart, the ne.xt pair has ^ inch U’elh, and 
t he two bottom j)airs have no tooth. Like those 
of the brettking-tlown machine, the rollore work 
in sliding enunter-weighted bearings ; they jftake 
about 25 Tx'volutions |)er minute. The machine 
IS fell with pre.M.s.cako from a hopper b}’ means 
of a moving endloss band. Khort st^reens, 
cox-ensl wifti coppsT wire gauze (lO-mesh h»r 
small arm pc*wdor«), are placed under each f>air 
of rol!(‘rs except the Inittrim pair, so that the 
powder too large to paw through the gauze 
posses from one pair of ndlers to the next, 
heneath the i^iort screens are placed two long 
seremis in an inclined posifiou, the U{>per one of 
10-mesh, and the lower one of 20-nieeh eopjier 
gauze lixed in a frame. A rapid, longitudinal, 
vibratory motiou is imparted to all the screens 
wliile the machine is working, to ossiat the 
tffting and the flow of the powder. The grain 
%hat passce through the short .Hcreens wtt iali* 
throDfffi the 10-mesh lomr soreon. That which 
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iA retained on the 20-moeh Acreon in R.F.ri. or 
R.F.QI powder; it falbi into boxes made to ; 
move forward as they arc* filled. The grains | 
too largo to paas through the short Hcrcens fall i 
into separate boxes, and are transferrcHl to the | 
hopper to be passed again through the rollers; ! 
while the fine powder which passes througli the 
20-moeh sieve falls on to the wooden bottom of 
the frame and is colleeled s{*])aratety, to l)e sent 
back to tfio incorporating mill for a short n^- 
working. * 

For granulating R.LXr^ and H powders, 
throe pairs of rollers are usually employed, the 
two upper pairs with larg(!r tooth, tiie l><»ttfun 
pair smooth. The grjiin from the granulating 
machine i.s calk'd ‘ foul grain.’ By granulating ^ 
a gunpowder there us no danger, as there would 
be with a tlust. of segregation of the ingi'edienl-s 
during transport according to tlu-ir densities, 
the powder is less hvgrosoopn’, .tiirre in less 
danger of eNcape from storing vussels, and the 
inflanimahtiity anfl rale of Imnung of the jiowdet* 
is inen'iiHcd, since the flanu' can ppnelrate more 
quickly through thi' diarge. 

7>«.sYi;q/ <inf1 fflfKintj .— B F<«. ami K.FO", 
lowders ari' fret'd from dii.st after granulation 
iy being jiassed iiirougli a <liistnig-reel. M'his 
is* a eylindrii ai frame about 8 feet long and 
feet in diarnnler, eoveri'd with 20.mesh 
copper-wire gau/.e, and s<'t. a! a very small angle 
with the Imn/.ontal. 'Pile reel is ('n>'l‘jsed m a 
case to catch the dust. but. is open at. Iiotli enils ; 
it is fed eontiniiously at tli<* upper end with 
powder from a lH)j)per, while the ii*(*l makes 
about ‘10.revolutions per minute. The jiowder 
falls from the lowi'r end of tin* ix-el into liam-ls. 

Tlio polish given to the powiler grams by 
gla/.ing is of ailvantage in diniiiiiHlung the ten- 
(ioncy of the jiowder to absorb moisture, by 
breaking ulT any slinrp aiigliv^ and jioint'S, and 
stopping u]) the outer jiorw of the gram, and in 
enabling it to bear transport without going to 
dust. Ghfczing also jimrctkseH the density of the 
powder: a powder with a density of, for 
example, 0‘SIO Ix'forc! glazing liaving its density 
progressively increased to O-HiKl afU*r 42 hours’ 
glazing. The small-arni ^)wders, K. K.(i and 
arc. glazetl in large ^Irurns - eylinders 
2 feet wide and fi ftHit in diaineUjr (a pair of 
tlnims on one axh*) making almut 12 rcvolii- 
tions^r minute. The drums each taki' about 
IKM) llw. (if jiowdor; they arc run .'3J hours for 
K.F.G., anil 10 hours for R.F.G'^. No grajihitc 
is U8e(^ for tlujee powdew ; the friction and heat 
caused Wf the motion suflice to produce a brilliant 
glaze. T^he glazed powder receives another dust¬ 
ing m a reel covered with 20-inwli wire-gauze, 
and is then sifted through an 1 i-m((shieKive into 
barrels. R.L.tJ* powder is run for 1^ hours in 
drums as alxive, with alxnit one ounce of 
graphite per 100 lbs. powder. R.L.G* is glazed 
lor ,1 houn in the old pattern glazing blarrels, 
the same proportion of graphite os for U.L.G^ 
bemg added after theabairels ha^e run for 2 
hours. Each barrel takes about 400 lbs. of 
powder ; they are G feet long by 2^ feet diameter 
of ends, and make 34 revolutions per minute. 
The graphite increases the gloss of the powder, 
and the powder is also rendered lees hvgro- 
seonic trough the increased density of the 
surltoe layer. • 

Stoeing or drtfing^ fnighing^ Wcndiwsf.—-The 


next operation is drying, whi^ is oarried out in 
a drviug-r(H>m heated by st^nj pipes. The gun¬ 
powder is placed in woodnn frames about 8 feet 
X H foetx2J inohee with canvas bottoms, each 
holding about 12 lbs. of powder, and placed on 
opim framework shelves with which the rtxim is 
fitted, seven or eight tiers of shelves rising one 
above another, the steam pipes running under 
them. The moist air of the room is constantly 
changed by means of vcntilatora. At Waltham 
AbU y. alsmt GO cwts. of gunpowdei' are dried at 
one time. The time and temperature of drying 
■ vary with the kind of powder and the amount 
of moisture in it, the length of time and the Uun- 
peratim* increasing with the size of the grain. 

^ Thus^H. F.G. rt'quirc'H 1 hour, and R.F.G* 2 houre 
' at3H \ lt.I.,.G* 2 hours at 43", and K.L.G^Ohoure 
at 4(>Another system of drying is to drive a 
currimt of cold air over stt'ain-hcatod coils into 
ih(' drying-room or stove by means of fans. In 
I some fai'toHes, a current of eold air is used, 
afOtr lioing fn'od from its moisture by meMs of 
calcium rdiloridc, caiLstic lime, or strong sul- 
(ibiiric aiud ; and drying at ordinary tempera- 
tuiiw %it ihu'uA has also Isien tried. The drying 
should Ih' done evenly and not too rapidly, so 
that the jinn's of the jiowder am not ojienod too 

quit'kly. 

Kajiid drying, too, has a tendency to cause 
tlu' larger-grained jiowdorn to crack, and some- 
, tiinw cuuKow an efilorceconce of nitre on the ' 
surfaee of the grains*. 

'I'ho driorl powder is fininhcd by boinc ro- 
tivb'd in a horizontal reel—a long cylindrioal 
wooden frami^ covered with canvas, making 4G 
revolutions per minute—the fine-grain Ming 
r('(‘led longer than th(^ largo-grain powders. 
Finishing fruos the powder grains from the 
' small amount of dust produced in the proeces of 
di^’ing, and gives them (and (‘S])ecially to small- 
arni powders) a final glaze. 

Before drying, and again after finishing, a 
uniform blend or mixture is made of a large 
number of barrels of gunpowder. Advantage 
is taken of every oppoHunity, in the proceases 
of the manufacture of gunfiowdor, to mix or 
! ‘ blend ’ the. grain together so as to obtain more 
uniform results at proof. This is done by 
means of a wooden nopjior divided into four 
equal eornpartments, eaidi able to hold a barrel 
of gunjiowucr; the compartments can be emptied 
, Hiniulianeously ink) a central shoot by means of 
openings with sliding shutters in the bottom of 
each. This motlKxl of blending, especially with 
I the smaller sizes of grain, is found to give 
I batehoe of powder with very uniform firing 
: resiilte, , • 

Pebble afid priimatic powder. These cut 
I and moulded powders are no longer manufao- 
. tured, as smokeless powder is now used even 
for guns of the largest calibre, but a short 
I a(V^ouBt of them is given, owing to their great 
I historical interest. The use ^ pebble powder 
I in^this county dated hvim about the year 1886. 
i Rodman had previously shown that in the 
I gun the orcesure diminished asChe size of the 
I grains ot gunpowder increased, aAd that the 
I velocity of tlw projectile could at the same 
titfe he maintainra by on increased weight of 
charge. • 

Pebfle powders (Rnoidwe of |-inoh ; ond^, 
'*1|-inch cubes) used for^rger guns uuin^ 
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EXPLOSIVES. 


w#*ro thr ;j(h‘ liir^<‘ ^Tairj mjwtlcjv. I’j) t<i Ihc 
formation of tlit* prcMw caKc, the prociifWQP of 
maauftM’lun' wm-, wjth Hoiiif; varmtionw, tlio 

MAino iot foi tli<- liJHT yrumcfl jjowdcrH. 

Tho /' innnhi wjt-i <'iJt from the prcH.s-cako, 
whifli pri'Hhivl into hIhIih of akout. iriinchoH 

hy !U) int'lw'f,. und of tho riMjiiirrd lhn'kn*‘.sH 
'Ijh' iultitiji Jiia' hinc i oio^i.^fod of two pairs ()f 
jihfwplior l>ron/i- joilrrs, Iihviu;^ lon^dtudinal 
Knifr-r'«lj;«s witli spares helw«-en them eorre 
Nhondiii;.' to ilic irtpiin'd si/.e of llie powd<’r 
'rho liixl pair <tf lollers cut. the jjiesH-eake into 
I'trifw, whieh wie le<l on cmllesH hand.s to the 
Meeond j)aii of lollers, set at rieht an;.des to the 
JirMt. wttieh rut the stnjss into i-uU-s 'I’he.se 
eul*<*.s weri‘ allowed tf) fall into a dnstinj/, leel. 
With copper will- ineNhcH hut little smaller than 
t he ( iihes 

7 ’- iioiiyitt was cut hy hand from th< jiress- 
cake hy means of lever knives of ^^iin metal-- 
kuivoH hinw'cd at one en*l. with a hainllr at the 
<)Lh». 'rile )ir«‘ss eake was lltsf, I ut 1111.0 stlijis 
and (Ik'H ar ross into eiihe.s 

Jloth P and l’-^ jiovvflers were run in the 
harieU. hy wlijrh l.rt'atment the laiui's 
an<l I'orneiN of the rulsv' werr' rnhlied <lowri. ami 
a harder snrfar'e produe(*fl The jiowders were 
then dried at. ol . wliieh rerpiited a very mm h 
Ioniser lime t liati fort hr* smaller -grained powdi is : 
a limshm^ ]iroicss followed, the powders iieiny 
niti >n Wooden barrels witli tilis wide eiionuli 
anart to comhine siftine with the tinislunr 
A Hinall iiurvntilv of j^raphile was 
introdu(‘od into the iiai-ieN loward.s the end of 
tlm linislniiii pror rvss. 

yVi.vwnpV fHunh) This may lie retiaided as 
a Viiixlitii .ation of the perforated ejvke powdei 
(leviMod liy Podman m lsd<» Tln' latter powder 
<'i>nMWt('d of cakes of powdm compressed h\ tlu' 
hytlraulie pitvsH, of llm diameter of Die hdn^of 
t'fu' ^run. and piemal loni/itndinallv with holes 
of ahont. \ ineli diameter, the cakes lieiny pai'ked 
in the cartridge so that.the liolrs should eorre 
s|H>ml. iiodrnan was led to introdiiei' this form 
of ^)Ow«lcr by the eoiwnlerat ion tiiat. with solui 
grains of gunjiowdei. tin- smlaei" undergoing 
comlmstmn m the gun ihmimslies lis tin' com¬ 
bustion procisnls, and that eonsenneiitiv the 
strain on the gun is greatest m tin- eaiher .stages 
of the etunbastion. In tb«“ easn of the per- 
foraUxl cake gunpowthT. as the (■(unhustiou 
prognwwod m the longitmlinal holes, the snrfaee 
undergoing combustion incn^ivu'd. J{odnian‘s 
theoroUejd views were eontinned by expeninent. 
but the habiiity of the ]M'i‘forat('d cake powder 
to break up bv earrioge or wdien handle*!, led ts) 
replacement liy nimdi sinallyr ln*\ag<tnul 
prisms with one centra! cvlimineal liole ; the 

f irisniH uiuyi in this country wen' aliout 1 inch 
ugh. the (iwtance between opposite* sidee of tlie 
hexagon alwut I 37 inches, the central hole 


diiction of this powder was a great innovation 
in powder making, os it greatly improved the 
shooting of big guns and allowed the use of gnufl 
of fitdl larger ealfbre than even the black pris¬ 
matic jiowdcr. It was eoinjioHetl of 79 p.c. 
mtre, ;* p.c. hulyiliur, and is p.c. eliarcoal per 
IdO of (Iry powsler, and contained ordinarily 
about 2 p.c. moi.slur*'. The ‘ i harcoal ’ also was 
a very lightly hak*-<i malcrial. the percentage of 
carbon containe*! in it ben^ but iittl*' liighcr 
f ban that in the (dry) w'ood or straw frbm which 
it was inad(*. • 

'rhiH ]iowder was us(>d for lu‘avy bi'ix'ch-load- 
iiig guns in ih(‘ form of hexagonal {irisniH, having 
l.h«t same diim-tiMons a.s the black jinsmatic 
powtlcr 'I’Ih- laTc of ignition and of c-ombus- 
iioiyof the hi'DWti jiu.smatic powd<“r was slower 
than that ol the black, and for e(pial muzzle 
v<-li)citi(‘s of th(‘ projcctiU' it })n«lue«‘(l Iobh 
piessui'e in tlj*- powdjT-cliainber of the gun than 
l>lin Iv powder, and gave a Ihiimer smoki* tlian 
•tlie lat.lcr 'J’lds w av due to'llu* fact tliat the 
blown chariuals Jhiwcd under llm high nianu- 
fai luting jiicssur*' and honml the ingri'dicnts 
into a non jiorou.s mass , him k piisinatn’ p«)wder 
was <'ompara1i\cl\ pfuoiis 

Hiown Ol *(ico.i pow'ilci gisi's on (‘xplosion a 
grcatei ipiantity of h<‘a1 and a smaller volume 
ol jii'imancnt gases than does an epual widglit 
of liiack gunpowder; hut th(‘ latgor amount, of 
wat«T Mipoin' in the piodnct.s of ('xplosiou of 
blown powder have an im[iortant mlluence in 
lowering tempeiatuie Tlu' pr*iducts of (>x- 
phisioii of blown jiowdei nmhugo e*insiderttblc 
dissofiation at tii'.st, thus loweiing tlu' initial 
pre'-siiie in the gnii. an*l suhsiajueut recomhmu- 
turn, Hiid so giving susIuiihmI pie.ssuic.s as tlic 
]iio|ee1 il«‘ m*>\e» al*>ng llic hove Tlu' more* 
giatiual d«‘velopmeiit of the pies.sun* and the 
reduction ol tin* maxunum pri'Hsnre increiisial 
the life of the gim and inidenal tlie use of 
liglili'r guns jios.sihli*. 

Sporting powder. Con.sith'iulile <pmntitic.s 
of black gunpowder arc still used for sjairting 
j)ur[KiseH. The ]>roportions of tin- mgrcdientN 
\ arv slightly fiom those used for military 
powilcrs, ill ordeV to prcxiuce the desirable 
*iualitii's of quK'l^igftition and i ombiiHt i*m. 'I'lu* 
<‘ase <»f ignition of a black jiowifci’ dix's nOt vary 
inucli with the comjXKsition. hut an exciaw of 
charcoal (pneken.s. whilst an *‘,\cchh nitre 
blackens, the rate of eombuslion. 'To increosi' 
tlm rapidity of coiillmstion. a sla<k-bumt or 
re»l charcoal in u.snally useil in.‘-tea*I of black. 
The comjio.sition of t.he sporting povl^der of 
several conntnes is given m the following 
tahh‘ :— ^ 

• 

('ompoaitiDH (tf thirl Jhiuntt-i vstti for Sjiotihig 
Purfiofirr 


about 0 4 inch in diameter. They were njied Jtir 
heavy broeeh-Ioi|^ing guns, and wen> packeti so 
AH to form rigid cartridges. • 

The prisma won' preeweil from a nunlerafelv 
lArg<>‘grAined powder groniilaUHl fmm press- 
c^ko iret'd^rom dust m the ordinary way, but 
not glazed, and finollv dnetrand blended.' The 
inottiMod density of t1ie jiowder duo to the <%m- 
prsdaion del4|y’ed the burning and reduced tl^ 
initial preaguro in the gi^^. * * 

• Br9wn or BocoiT gunp||Wdor, The intnt- 


• I’oliissuitn ,, , , 

nitrate .‘^“‘phur Chnreoal 

England * . ’ffi-O 100 IfrO 

Erance . . 78 0 10 () 12 0 

(.iornianv . . 78-0 10 0 120 

Austnji-Tlungary 7d'0 0T> 14'i 

Switzerland \ 78 0 0 0 13o 

The powders are of high grade and cai^filtly 
made by pnxic«i8es practical!3' identical with 
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thoBP used in the manufaotiiro of military j 
powdes. Occasionally thera are niodifieations, ^ 
such, for instance, as tne use of drums instead of 
mills for powdering; and mixing the ingredionls, ' 
because tno charge can moist and the 

mixing more rapid, so that bolter uioorporatioii , 
reeults in a given time, with rosullant greater 
regularity in shooting. 

Mining and blasting powder, '('lie ( hief r< 
quiromentM*of blasting jiowder are that it shouM 
lie cheap*Hlow burning, and di'velop as large iu% 
possible a (iuan(itv»of gas at a higli t(>iu[>(“i'atur('. 
The usual eomposition of bhistiug jiowders in 
various (;ountri(\s is :— 


Coiii/iO'iilion 

of iiUirl: 

Po>r:} 

<T for 

M, 

iiiug 


ilU'J Jil'isf 

lUfl P 

(rpfwf-s-. 



— 

]» 

itiiH-iiii 

illi;U.. 

Snlpluir ' 


England 


7r)-o 

10 0 

1." 

•0 

France 


72 0. 

. 13 0 

1.^ 

0 . 

Germany . 


70 0 

. ito 

It 

■0 

Austria-Hm 

gary 

00-0 

IH") 

21 

ri 

Italy 


70-0 

ISO 

12 

0 

Hussia 


t»(i (! 

107 i 

ir 

7 


Thes(‘ jiroporlioiis aie li\ im means iigiilly 
adhered to. Tims, in Knglanfl, liliiJ^ting jiowili'm 
varying from the aliove ]jroportMUis to - potiui- 
sium nitrate hulphur !.’(►, ehan'oal 15, aii‘ 
mad(‘, t-h(‘ [iropoition of nitti* Ixung dimiuislied 
to main* tlio mi\tur<“ slower burning, an (‘licet 
otherwi.so olit aim'd by ineri'asing tlie .•.!/(' of tlie 
grains or compressing to a higher (h'li.Mty, 
Other eohipositioMS es[)e{‘ia!ly mad(' foi' list- m 
tierv mines will he iiKuitiomHl later under 
^Bla<‘k powder safety e\'plo.siv(‘s.’ 

Wasting powder is a large-gi’ain(‘fl powder. 
«omptim(‘S coated witli gmjiliite, eiimjireKsei! 
into cartridges by nu'aus of a hydrauhe press 
As will be mentioned further on. uliile the 
iiiming powder with low nitre and high Miljiliur 
gives on explosion a larger volume of peinianeiit 
gasew, it gives a inneli smaller (juuntity of h(‘at 
than black gunpowder. 

Fuse powder. A gunjiowder of speidal 
quality and con.staiit eomflosrfion i.s now manu- ^ 
factured for use in ‘ safety ’ and other fuses. 
Formerly, siftings from mining jiowder were 
frequently used, but this caused unevenness in , 
burning and was frequently t he cause of aceidents 
through* hang-tiros.’ It i^a mealed |>owdcr ; that 
H, of very tine granulation, but free from duat. ' 

SBitaLlo mixtures, dotorminod by trial, of 
slower and quicker burning powders arc made ! 
to give the correct time of burning in the time- 
rings of shell fuzes. 

Bickjord'n safeO/fuse. (Eng. Pat.til5(t, 1831) 
is a time-fiffie in the form of a Hexihlo cord or ! 
cable which fits into the metal cast's of the 
detonatore useti for initiating the exjiloHion of 
cartridges or other masses of high explosive. It 
consiste of a continuous and uniform train of 
speciaQy prepared fine-grained powder enclosed 
in a covering of jute fibre, this core Ix'ing con*} 
tained in a tube of waterproof composition and 1 
tape, or sometimes, for use under w^ter, in a 
metal tube. The rate of burning per unit ! 
ItHigth varim and is stated with the supply, and . 
It ft also liable to alter slightly on storagejl * 

Properties and products of explosion .—Thew 


‘ density' (as determined by Dianohi's denci* 
meter) of the diffeWnt kiuds of gunpowder 
menfionod rangers from about 1*07 in the case of 
R.L.(!* to about 1'87 m the case of brown 
prismatic powder. Incn’ose of density of a 
gunpowder causes its slower combustion, and 
(under comparable eii'ciinuilaiices) diminishes 
t-h(^ muzzle vi'loeity of the jirojcotih* and the 
prmsure in the gun. 

Incroosi' of tlu' amount of moisture in a gun¬ 
powder eausw ilimimKlH'd temperutun' of the pro- 
duels of ('\jilosion,and h\sK('ns the muzzle velocity 
of tlie projectile ami the pressim* in the gun. 

RIack gunpowder can )m* igmird by a blow 
or liy an mcn'ase of temp(‘ratun‘; it explodes 
at about 3IK) '. The (‘xplodmg U'luperature was 
taken* by licating Hiuall grams of the gunjiowder 
buri('<.l 111 1 fu' sand of a Kmait deep Hand-bath, in 
whieli tlie bulli of a (h'w.sler jiresHure men'urial 
t heniuuneU'i- wivs iiuniersed. lUack prismatic, 
gunpowder inliatm'd at about 2tMt, brown 
fii Lsiuatic al. .304'. At a ti'iujieraturo sightly 
iiliove ItK) the Miiiphur can be compiw-ely 
volatilwcd out ol the jxpwder without’ inflamma¬ 
tion taking place, \'iolett»' determined the 
Ignition [MiMit by projecting tlu' powder on to 
molten tin Kept at ditfcrcnt temperatures, He 
foujul that all classes of gunjiowder after 
jiowdiM'ing tired at from 2155’ to 27tt'’, and that 
the tiring jioint’ (h‘pendH hut little on the com¬ 
position. hut that the siz(‘ and shape of the grain 
and the perfection of ilu' incorjioralion aiTeeted 
tli(‘ results ; tliiis, blastuig p4.)WOer in grains flriMl 
at 270 ’ and e,\tra lino sjiorting powder at 112(1®. 

'I’he Ignition of gunjiowder is more ditlicult 
and tlie rat(‘ of eombustion diniinishcH with 
diminished atmosiilu'ric jin'SHure. In an atmo¬ 
sphere maint’iiiiied at> a jiressure of aboutfO’ri 
inch meictiry. gunpowder is not exploded by 
cyiitaet witli a> jilatmurn wire hoat(‘d to redneas 
liy an electne current; tlio grains in contact 
with the wi?(‘ fiisi', and, if the passage of the 
current, be maintained, bum slowly without 
causing the exjiloHion of the rcinninder. Under 
the liigh jirossureH produced in a gun when fired, 
the velocity of combustion of gunpowder very 
rajiidly inonuVHcs. 

'riic ■jiTO'iiKlH of the C(»nhustion of gun¬ 
powder Imvc been examined by several chemists, 
of whom (lay-Luhsac (1H23), Chcvreul (1825), 
Jlunscn and .SehischkolT (1867), Karolyi (1863), 
Federow (1808), Noble and Abel (1876-80), may 
be moHi jiarticularly mentioned. 

inv('stigation of the subject by Noble 
an<i Abel is mindi more comjiloto tnan the 
others, and some of their results will be briefly 
mentioned. 

TJie qi.(/iptity of hmt evolved by the czjilo- 
sion of gunpowder wiws <i«tcrmined by firing 10 
to 20 grams of gunpowder in strong aloel ex¬ 
plosion vd^sels of 32 and 119 c.c. capacity 
rosjxictivnly, the expl(jHion veesels being »ur- 
fburftled by waU'r in a calorimeter of the usual 
kind. • • 

• The volume of permcinent gases produced 
wae determined by exploding in closed steel 
vessels, having an internal cl^>a^ty of about 
one litre, quyitities of gunpowder varying in 
lieight from about 100 to 800 grams. The 
vessels retained the whole of Hie products of 
cxplos^n, and were provided tmh an arrange¬ 
ment by which Jthe*gaaes -c^iuld be allowqj to 
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(wi'Upo, and rcmhl lx* (•ollc-f‘i/*d or meahurod. Tl»' 
pr<*>iKur<* III th<- wan mofinun-d bv iiioantt 

of th«* OHtml < ru'*hfr^aut';»‘ (piston aotiii'j <»n, 
and oonipnwnjfii^. x iiijiill < o|)|M-r f ylitulor] con- 
tiuiipfl m a pill;' “< rrwrd mto flu- vcmhoI. 

'rtu- fir< ' m tin- I'Xplo'-ion \(‘ks(-1h 

with III, ..f ilmr,.... (' . 

'niJiJM lIV (if \(‘S,H( |/ 


With a donxitv of charge of the presbure 
oliHi-rv'cd wa>^ a^iout r> Ions ])cr .sijiiare inc^ ; with 
0'7 dcnHity, the pressure woh about 20 tons ; with 
doitsity 1, tlie jti-ensurc was about 42 tons ; and 
with (/rasity 1-2, the pressure was about (50 tons. 

Tlic powders experimonted with iiad the fol¬ 
lowing |H‘rcenfi^»e composition; the first three 
M'crc of AValthnni Ahlw-y make : — 


Niki lire (rf j»c>«<lcr 


I’cbblc powflcr 
Hifl'-d liiigc u'ruin I 

Kb.f: .1 

Kmc gram 
SjMirtfiig powder . 
Mining piiwiftt 
.SpaillHli spiieiieal I 

pOWflft . I 

t V^^Oft powtle? 


'of nH^iiiiii 
iiiliiitc 

I’ol .issllllll 
S|llpllilt.<' 

I'o' iij'skani , , , 
(f.loriiT- ^'df'liui 

rurlma 

Mjdrogcii 

O.wgcn 

-Asli 

Water 

71 tl7 

it (I!) 

Hl()7 

12 12 

0 42 

1 4.5 

, 0 - 2:1 

0-05 

71 4:e 

(1 i;t 

10(1!) 

12 10 

0 10 

J-27 

0 22 

I *00 

7:1 o.‘, 

n:i(i ' 

10 02 

Ji ;i(> 

O-l!) 

2-57 

0 17 

1 4K 

7-1 10 

0 211 

flaic )o:E7 


0 52 

2-20 

0 :u 

J 17 

fd (>f. 

0 12 

on ir.-o() 

•I7d»;i 

O-V.O 

2-2;{ 

0-50 

Idil 

7-^. :nt 

u 27 

(M 12 1212 


o:ks 

1 -08 

O-O.'l 

0-fl5 

7s h.’l 


-- .. 201 


(Tiai'i-oal 17‘K0 


1 -Xi 


I lie coiniM‘SIfuin of ilic solid iiin) gii^scmis 
products ot fhi- c\lilo:Ooli of flu'se gimpowdeis is 
giv(-n 111 (he following table; tin luuiibcis 
given foi till- (ii-s( tlifcc powdiTs file llic means 


of !• cNpcnincutM wilh dcnsify’ot chaigts from 
the .spurfiiig and mining powders 
Iiad dcnsify of ( harge 0 li. (Ik- Spanisli ht)1k‘- 
rn ul. (I 7 . ’ 


lO.m 1 STAi;| 

( '1 iM I'l *M I’ll ‘V 

JIV \ 1)1 


I’cM.lc 

i< 1.1. 

('arbon diuvidc 

4s<».5 

•lif 20 

.. mniio\jdc 

i:n;;{ 

12 47 

Nhrogi'n 

:i2 ii> ' 

:i2 01 

flyiirogcn sul]»liidc 

2 fiO 

2-fi»5 

Methane 

f):u 

0 42 

Hydrogi'h . 

. , 2 ;ia 

2 10 • 

Ovygcii 


o-od 


I Ml. ol- -nil. IlKS I’yilMANK.S'i' (IVSHS. 


l’'iii(‘-gruln 

S|ion,iiiu 

Mniiiig 

.Sjiaiilsli 

s])herical 

Cocoa 

ri0-(l2 

.50 22 

;t2 ir. 

52-2-1 • 

51 ,20 

10-17 

7-.52 

22 75 

4-02 ! 

2 42 
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The cocoa jiowdcr givfw a coinploUdv oxi- 

disotl saline residue, an<] the proportion of in- - 

oompletely oxidis^ gases is HniRllcr with* thfl? *- 

[)owd©r than withfbe others. • • . 

The quantity of heat (in grain-degn^ Cocoa 
onits), and tho^volume (at 0*^^ and 7tK) mm.) SpoJnah spherical 
of the perniMient gaaes, per 1 gram of drv fc>porting 
powder, wore found by Noble,and Abel Ui f^iM' grain 
be:— . R.L.U. ‘ . 

* Pebble 

potinSr* '■*’****“* ^ sulitilde of* 


!Uiatii of heat ceutJmetrea 
, rennanent gasofi 


83?-() i 

198-t) 

767-3 . 

234-2 

704-4 j 

241-0 

738-3 1 

203-1 

720-7 ! 

274-2 

721-4 ; 

278-3 . 

BIO-8 ' 

ItOO^I . . 
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Tt will be seen that the order of decrease j 
of unite of heat is that of increase of volume , 
qL pen^nent gases; and Noble and Alwl ' 
^nerved that the products of heat-units by gas 
rolumc do not differ greatly teoru a coiU!l.ani 
^aluo, that this points to tlie conrliiKjon that the , 
proesaros at aily given density of eliarge, and j 
tfhc power (»f doing work of th«^ various powders, j 
ue not very materially diffc'nmt.—a eomtlusion ) 
verified by axporiment for the throe Waltham i 
4bbey powders, and hi a less degree also fnrJhe I 
)tlier powders. Thy total pot-ent ial energy of ■ 
gunpowder they ealimated at about lUO.tHHt kilo- | 
;ram-metro8 per 1 kgm. of powder, or a little 
ander 500 foot-tons per 1 lb. This enKulation 
luppofloa the infinite expansion <»f the ])riHluctH ; 
)f combustion, but they ('st'iinated th(‘ actual 
energy of gunpowder realis(>d by modern gu?i.‘^ 1 
IS varying from about one-lentli to one-fiftli of ' 
bhe total thoon'tical etfect. 

The produced by the (‘xjihision ; 

:)f gunpowder they UHtimatecl at. aJ)d\jt iJ.KMj” in I 
l-he case of the jicbhle or powder, at 

about 2,200'^ in that of the Sjiimish jieilet ; 
powder (Noble and Abel, Trans, Hoy. See, 
1875, 1880; Nobel, ITeat-Action of hl.NplfKsives : 

II Lecture to Inst, (-ivi! Kng. 1884). 

iJobuK, in 1882, first sliowt'd that jiolassiiim 
disulphide is a jiroduct of the lombuHtion of 
black powder. Me considered that the comlms- 
tiou takes plaei‘ in t.wo stages, at first on o.xida- 
tioii, with the formation of potassium sulphate 
and carbonate, carbonic aenl gas, free nitrogen, 
and, perliap, carbonic oxide; and, secondly, a 
reduidion in which fn^e carbon and suljiliui 
reduced tin? jiotibssiuni sulphate and carl)onaU\ 

Debus also showed that from the percentage 
compo.sition of the powdei’s fired and the jiroduefs 
of combustion, the eomhustion of the powder, 
as an end result, could lx* rcpri'sonted in the 
form of an ordinary equation, from whicli the 
tliporetieal work obtainable from tlie iiowdiT 
can be calculated (Debus, Annalcn, V'lls 212, 
2i;b 2(55, and 2(58). 

Kxaminatio)\ of guvpov^fr. —The jiowder, 
examined by the eve, should have a perfectly 
uniform colour, depending on ils ('funposition 
and a proper amount of giiiz#. Small whik* 
srieeks on the surface of the grains indu-afe tliat 
the nitre has efflortwced during drying. 'Phe 
grains i||ust bo eompa<3t, not flat, in shaix^; and 
their sire must bo uniform, as tested by sifting ; 
and free from dust, as shifwn by the powder 
leaving no mark on running it over a sheet of 
paper. TThe grains must be har<l and crisij, 
as judged by crushing in hand. The 

Ihorougnnoss of the incorporation is tested by 
‘flashing’ a small measured quantity of the 
powder on a porcelain tile by inean-s of a hot 
wire. The ‘ flash ’ should show but few sjiarks, 
and there should be no residual solid matter. 

By the density, or real density, of a powd^‘r is 
understood the specific gravity of the grains or 
prisms, including the ^ contains^ in their 
poree. It is usually determined by tbe Bianchi 
densimeter. 100 grams of the sample, crushed, 
if neccssarv, but from dust, are weighed out 
and transterred to the globe of the densipieter. 
This removable glass globe is fitted with stop* 
cocks above and below, the upper is attached to 
an«ii»piflnp, the lower connected by means pf a 
tube with a vessel of mercury, the density of 


which is known, at the temporature, usually 
fiO'T. or 70°F., to wbich it » adjust. The 
lower*8topcock is closed, the globe exhausted, 
the HtojMsock opentMl, and the mercury then 
allowed to rise to the height which the atmo* 
sphere will support, the lower HLijK’ijck cIoM'd 
t^aiu, and the upjxT ]>ati of the ajiparatus 
opened to the air by iiu^ans of the air-pump gauge 
Ktopcock. The operatiou.H an' rej>cateri, the 
mi'rcury Hurroumhng Ihi' powdi*!' grains being 
^'huH subjected to two atinosplicres proKsure. 
The glol)e is t hen closed, unscrewed, and weighed. 
Then if S- density of uu'rcury at toniperatun* 
of determination, \V - weight of gloN* filled 
witii men^ury, and \V, == weight of glolx' fillwl 
with j)OM(ler an<l mercury: densiiv of sample 
SxH* 

""(VV W,} I 1(K5 H 

Jlyijrnmituc. test. —All kinds of black powder 
are liable to alworb more or leas moisture fropi 
..tlie air. depending on the qualit y of their charcoal 
iiml saltrietri'. t(*naeney any powder nos 

tfi alworb moisture is determined by exposing 
it for a given iinuv— 24 iiours for the smaller 
f)OwderH—in a specially insulated box at a ro- 
eonled tempemture, to air saturated with 
moisture, from a saturated solution of saltpetre. 
'J'he mereuse m the weight of the powder, added 
to Its previous luoisturt'! content, is taken as a 
measun- of its ‘ hygrometric quality.’ 1’he 
n'sult.s ari', liowever, not very reliable. 

Annh/f<{.f.^ Moi/iture is determined by loss, 
on the coarsely powdor<*d sample, after 1 h<»ur 
at 70'', or pri'feninly by exposure over sulphuric 
acid until of constant weigrit. 

The 7/t7r('. is dc'tr'rminod by extraction wi^ 
warm water, filUTing, and evaiiorating the 
solution in a platinum dish. Tlio nnal woshingM 
uhogld bo ke])t separate, os the charcoal hoA a 
tendency to come through the filter, evaporated 
to dryness and again extracted, when the 
tiltrate is clear and is added to the bulk. The 
nitre is dried at 2H0", coole<l and weighed. 

The stdphuT is estimated by heating 1 gram 
of powder in a lieaker with strong nitric acid 
until the action nioderaLw, cooling a little, 
adding a little potassium chlorate to complete 
the oxidatifin, and evaporating to dryness. The 
residuo is treatiul with strong liydrochloTii- acid, 
and again evaporated to drynws. The residue 
IS taken up with water (any insoluble matter, 
grit and graphite, lieing filtered off and weighed), 
and the solution precipitated with barium chlo¬ 
ride, Ac., as usual. 

The charcoal. —Tin' nitre is w^moved from 
the gunpowder by treatment with water, the 
charcoal and sfjphur filtered off, dried, powdered,* 
and treated with carbon disulphide to remove 
sulphur. The dried charcoal still retains a 
small quantity of sulphur, which is estimated 
by the method given above, after tbe charcoal 
haB*bceh dried in hydrogen in same maimer 
as for a combustion. The wei^t o.'’ sulphur is, 
of Cbuise, deducted from the weight of uumioal 
used for the combustion. Abou^0*5 nun of 
charcoal is taken for combustion ; lit Is dried 
(in the boat in whiclfit is to be burnt) W beatine 
for ^ minutes to 170°, in the case ox a black 
c^rcoab in a current of hydrogen. The 
c^rcdal in allowed to cool in the current of 
hydrogen, and is Iraillfeired ho an air-puxii|> 
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r^f'^’ivor, ih tlu'fi oxliftust*'*!. I h*' lH>at 

witli (Imi fhttnu^O Im in u cloHcd i.ulx*. 

The in iiijkIi- in o.\ytj<-n, a ^on^th 

of jjranulafrd • ojijii^r oxifh*, niitinlainftl at a 
Iwin^ in front of th** I'oat ; and in 
frr»nt of th«' i>\nJf of cojinr-i jh a KlioMcr li-n^dli 
of h-ad cfiMiniai^-, Itr-aU'd to v<-fy lou rrdn(» 
to ttfjworh .SO, or SO,,: in olfior On- 

(’(/nihiistiori ni;i<l(‘ a.'^ iihimI. 

Other Polaasium Nitrate Mixtures. 

.V/f////i«r/ovs tpiii jHnnh r of vat ions rompo'-i- 
fioriH )i(w> fnnnrntl\ linen lin-d for 
|iur|)o«es, imf \^‘iOioiit. nun'll ""iici e.-,s, Siilpln 
renilern u j)(»wdet eiusv tif i;.>nition all'] iimo'.vms 
fipf i>iii Miim, and its ai is j.iju f i< .kll_\ 

ewHential, SuIpInirleHs |iowd«'i’, nHiiio\«n, leis 
l^onjeni'v to <-fuinl»)e to diis( on stoinL'* m 
iiutnlJin^o 

Anlinionx’ snljiliitle lia.« heen i.io))osi’»l a 
HufiHtitiile f<'i Siit{ilun in l>la' k pou<ji i. I<ut it is 
onl\’ in errtain <)etonatinv' < oiii|m .>■ if i* n- fiiuf it 
iH^etinill\ nsn»i 

Manv coinlinsf ililo sniist anci's. iinioTiL'st, 
o(lle|-H (oa), coke, jieat. sawiiusl. hatk. lauii, 
tan, HU^oir. ntanli. <l*'\f?in. i:uni. li\(I kk ai Iron*- 
Miiefi as paraflin ami iia|ilifIndene. feiio and fern 
eyanideM of potaKsiiiin. (aitaric ai'id. Ifoi iieiie 
Hfdt. Hodniin aei'tali-, A-e.. Iiave fieeii piojioHed 
and ])atenti>d its Huleitituteh foi' all oi piiit of 
the ehareoa) in niOale mixtures .Main of 
iin^se Mnlistuiiees are Milisf it iited in oiiloi to 
n‘<inee the amount of smoke Tlie^ almo^t 
invivnahiy redme the inlhimmalnlit\ oi the 
Kiwder, slaelcen its comiImihI ion. and lem e a. 

amntinl of re.snltie. hut fieipientiy ;;i\e off 
larger (jnaiitifies of yaw TlieHe mixtin-e.s x^ete 
Hii^^eMU'd |>rin{'i|>.a!I\ as iiIrW'>tinL: explosues. 
ant! inanv H'en* aiitfionsed for riianiifai'tuie in 
t.lim eoiintiv. hut at the present lime (hen use 
in jinvctii'allv eonlined to the t'ontment * 

A few" o/ lh«W(' (Afilo^ivf'K \vt!i siiUnt* : 

FuitiK wtv4 a mixture of nitre, tan. and 
Hiilptnir. vxitli Hiiiall <|nantitie>< of non sulphate 
and clyi’»*rol. and it was I'laiiued (hat mtvo’ 
glveei'in witH produced dnrui!; explosion'in a 
olast hole-, with eonsoijuimt ineieivse ol powei 
f'fi?/>oadr'. lirt introduced liv llellhotl id 
F(M-Un. \va« a mixture of nitloheiv/ene, ]lol!Ls^ulm 
nitrat.e. Hulpiiur, and kiesel;.:uhi . said to i>e 
)drw*Ue luiou^h to till a hole hole, t.o 1 k‘ non 
t’Xplosive i>y hlows, x^dien nitiamed to Imin 
away quietly xvithoiit. explosion, and when 
dotonati'tl to have the Hatne explosive fnn-c' as 
iiii'aeljtnhr <lvnamite. It has hiM-n usi'd m 
ooal-inineM in (iermany, Imt modern eailmnites 
cont^iin nitro^rlxi erin, and are mentioned umh r 
• [ty'naniit.i'a.' ■ 

f'rtrfiotttofiro wa.s a mixture Lf nitn\ lamp- 
hlack. Rawdunt, and Rulpiiiir, with a little iron 
Ruiphate. This exploRivo mjuiri^ eompression 
into eartridgea Ixdon* it would explode. 

Prtrmiitf, ivs nianufactureii in Ilunt'arx.ais a 
mixtun> of nilie, wood pulp, ^'oke-dust. and 
sulphur. , 

Jahnitr^ aR made in AiiRfria, is a mixture of 
nitre, liffuite^oal, and sulphur, with very small 
quantitie^of picrir acitl, poia-saium eldorate. and 
caJeiiied soda. * 

a similar mixture to the*laHt, 
contained if^tre, ehareoal, .bran, or stdTqli. Ad 
^Iphur, with ^liltli; mftgnflstum sulpfmte. This 


powder lia<l a very rIow rate of combustion, but 
dcvetoiieil laree q'uaiititieH of eas. It won used 
on a lar^.m si-ale for bla^itin^' operations at tno 
Iron dates on llie Danube, and in coal mineB.* 

Black Powder Safety Explosives. 

ftrdinurv hho k triinpowder is unsuifahle as a 
lilasfmi' JiL'ent for umi* in fieiy niines, and it.s use 
|s f \ er\ H here proliihitcd for ( his jiurpo.^e Many 
niodilicafions of ^'unpowder liaxe lieeii tried, 
iiiid M'leiJil mixtine.s been nunnifiK'tured 

whieh wei'i' uhie to piW'S the oDiemi tcsfs, A few 
of 1 hese nil \1 ii res ji i c - 

.-l/r/es jtu/ni'f. will'll eontaiticd 81 Ji.c. 
]^olas^M^m nifiiitc. p( (Imrioal, eontainin^ 

150 ji e < if \ (.tat lie mat t ei. and 0 b }i c suljilnn 

jn/ir'/n. will'll font.'iined dt p e. 
nifie. and L’i p <• ilmrcoai, (on(ainin;j: Hti p e, 

\ "hit ll'- l|ia1 (el 

lUi j'hinit-hiii'iil jmtnin-. wlmli liad ilie roni- 
jiositi.iii of-onliiinrv yiinpowder. hut A'o 1 was 
(lied with I* micIks (,f [iiMiiiontiim oxalate, aliil 
No l! wiiii i'> nu ins of sodiiiiii ill'ai honafe. m 
Ir"iil of 1 lit ( ai 1 11 'lire. 

(Krttlaf’ whiili was ((iinpo'-rd 

of 71 pe nitre. 14 pc, i liafeoal, and lb pc 
ummoiiiiim oxalate 

All tlie'^e expiosiM's weie !• uhse(|uently 
fcmo\cfl ftoni the jKinulte.'l ’ je-t 

liiihhiniti . mamifactuie'l ie, ('intis atid 
llaa \ i'\. is still on the ]i< r mil ted ' li-'t. and w iis 
the most e\1eiisi\e1\ leed oj all sah t \ expiosivi s 
iM this ((itiiiliN in ItM.’l If js ieall_\ a lii).'h uiade 
;:inipow'det, (oiitamm;: hut little sulplnii, with 
added iiitrredients to mereiise the s.ifets As 
oiiyiiiiillv made, it eonsisted of ti-t pi. mth'. 

1* p e sulpliin, and Itt p e. eluirroal. w it }i l.bpi 
of a mixture of aininomuin sulpliiife and roppei 
sulphate In a latei lomposition the mixture 
of anniioininii and copper stilphales 'Mas leplin i d 
hy N pe of staff li and '{ }>« of puialhii wax, 
the otlier itiLMidients henur im res ponduiyly 

im 1 e.'Usi’il 'I’lir mixture is compiessed into 
pellets, wiiich are eoaled with panvfhn wax 

Itohloiiilc IS saf'- to handle, and is liicd 
w it hoiit delonaf ois ; it is slow Iminiiiy, ami does 
not bleak up tli^' I'oal so niucli as most Kidety 
evplosiMxs A i^mie Otlue (‘ommittoo was 
a]tpouiled in to nixe'-Vipato the alie^ial 

danu'e?' of ‘ holihimte ' in iieiy niilies, l>ut it 
(oiH lulled that these fear's wei'i* proundle.sn. 
and the manufacture and use of the Ajilosive 
was still peimitteil, H'lie eoinnnttee also con- 
( luilc'l that the darnaye witli ‘ hohhmite,' as 
with oflier exphrsives. was yrmilei' xijlien (he 
shot.- were not enieiently stemmed. D was the 
i>n!v jiowdei of tins ela-ss f(» ptiss the Woolwich 
test for ‘ I'ermitted Explosives.' hut it after- 
wai'ds faih'd in the more severe Kotherham U‘.st. 
ami in 1914 its use was re-stneted to nunes tiiat 
, Mere not Iieiy. 

• Sodium Nitrate Mixtures. 

Sodium ml late lias a higher prrerntage of 
axailahle o\\gen thai#pota'^iuin nitrate, and i.s 
; alsi* elieajieT. hut itR hygro.seopieity is a great 
j drawback to its u.se in powderb intended for 
, ki‘**i)iug a long time. In dry ehmatea the sodium 
nitrafi' powders, made afl re<jujred for eonaump- 
I turn, have b<‘en used, a« tliey effect a Ravinj^ and 
1 are inor<‘ powerful than the eoireaponding lytre 
' mixtures. A sodium nitrate mining piowuer wsh 
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med, lor instance, ou a lari;^ scalo and with 
x>a8ider|blo oconomy iu the Suez Caual workd ; 
>iit sucR mixtures are not in very general use. 

The replacement of the potassium nitrate of 
l>lack gunpowder by an equivalent quantity of 
odium nitrate would give, aeeording to Jlertlie- 
□t’s calculation, if tlie cliomical rcactionH were 
exactly the Harnc in the two cases, a sliglitly 
roator quantity of heal and a larger volume of 
[ases. * 

Mixtnrfft containing .sodium ni(nit<' <lu not 
^nitc so readily, and burn more slowly (lian 
liOHo containing tin* potassium salt. 

The ]iygrose<ipic pr(*pertU!H of sodium nit rate 
.re ehieliy due tt> tra<’e.s of nil rates aii<l chlorHles 
if ealcium and magn<‘snnti, winch it is iinpo.sMl)|(‘ 
o eliminat e ou a cominercjal sralt'; c heiiucally 
)urr sodium nitrate being only slightly tleliijne- 
(!ent. Ill recent years, it lias hern iiroposed to 
dd a small quantity of oil, or iKjiurl, or iiiolleii 
olid hydrocarbon, to sodium nitiatc. <-x|)|osive.s, 

:i order to coat Iho particles of nitrati', and ho 
irovent the alworijtion of moisture 

podium nitrate has lieeii uscil. <fr jirojHised. 
n mining poM-ders, i-itlicr alone or ni juuiia! 
nlwtitulion of the jiotas.smin nitiute, with 
iractieally all tin* numcioiis (oiuhu.stible suh- 
tunees guen under ‘other polassiiim nitrati* 
nixturca.’ l''or example, one of tiie I’uily foiiiis 
if ' varhomtt ' made li\ Schniidt and Iheliel of 
h’lilebuseli, eonsiKl<*d of ‘,)-in pails of sodium 
iilrato, I pint of siilpliuictted tai oil, and O'h 
lart of nilroeumene. 

(’onsiderable (pianlities of sodium nitrate 
daek blasting jiowder are used in the I'nitisI 
llati'H, an average composition being ; Til to 
4 p.f’. sodium nitrate, Hi p.<'. ciiareoal, ami lO 
u II ]i.c. sulphur, and a niihl exj/josne known 
ks i^prrnij^atpittr, wlneli has tlii' composilion 
T) p.e. sodium nitrate. 1." p.e. brown coal, 
.11(1 Ut j),e. sulphur, IS hirge’y used in I Ik* 
Ha-ssfurth mini's. Anotlier (iermaii cxjilosive 
•f tins cliws IS called or 

t is a eornpri'ssed mixtuie of (>11 p.e. sodium 
iitrate. r» pc. ])i)tiv*sium iiitrut.«'. 15 ji e. coal- 
ar pitch, 10 ji.e. su]j)hiir. and 1 p.e. jiotiiwsiiim 
ilchroniati-. It is mori' pi'^werfiil, init le.ss 
icnsitivi' to blow^than ordirftr^ gunjiowder. 

Barium Nitrate Mixtures. 

UaAim nitrat e contains a smaller jK'rccntivgc 
jf availa))le oxygen than potassium nitrate, hut, 
jwmg to its liigiier sjtecilitf gravity, it contains 
more o.^vgen, hulk for bulk, than the latter salt, 
and frmn this point of view' shonld be nion* 
valuable in disrujitivi' explosives. Jt also bivs 
the advantage that it is the h ast }i\gro.scu]uc 
of all tlio nitrates used in e.\])losive.|o but its 
higher j)rice is against its use. Explosives lon- 
taiuing it have a higher ignition-point and are 
slower burning than thwe containing potas.sium 
nitrate. ^ 

Barium nitrate, mixed with gunpowder, was 
used at one time in Pru^ia for liea^fr guns, and 
a black powder containing banuin nitrate, 
sulphur, and charcoal was also used. Wynants, 
m Belgium, introduced a gunpowder for military 
purposes, in which mtre wuh pra<-tical]y orjvhoUy 
replaced by barium nitraU% the grains l>eing 
duflCbd gver with gunpowder to increase the 
inflartimability. It was found to be unsui^ble 
for smidl arms on account of ite slow combus¬ 


tion, and for cannon, because of its ‘ fouling/ 
and WM only used as a blasting ^wdor. 

Barium nitrate is chiefly used as a constituent 
^ in some modem military an‘d sporting srookelois 
I powders, hut is occasionally suggested as the 
oxidising agent in blasting powders, for example, 
i Easton (Eng. Pat. I855I, 1909) ]>ro|.) 08 ea a 
inixtun* of barium nitraU*, trinitrotoluene, and 
aluminium jiowdcr for fliis purpose; and 
: ItuiTowH (U.S. I’at.. 9I)8S»19, 1910) Mjieoifies a 
'•iiixtiire of '12 yiarts barium nitrate, 10 jiarts of 
toluene, and 8 parts of aluminium, with or 
witlunit the addition of charcoal and paraflin 
wax. .An Englisli ‘ aulhonHod ’ explosive named 
Ilr<K-/,ii, is a mixture of barium nitrat<5 and 
aluMiimum jxiwder. 

• Harnim nitrate, however, is more usually 
found its li Hccondury oxidising constituent in 
explosive imxtunw eonlaining larger propor¬ 
tions of <<thcr oxygen waits. Tluvst* are (.‘laasificd 
under till' principal, or most charactc'ristic, 
..oxygi'ii salt. ^ 

Ammonium Nitrate Mixtures. 

. In 1H(»7 in ISweden, Olilsson and Norrbin 
patenti'd the. us<' of ainnioinum nitrate alone as 
an evpIoHivi', and also of its mixtures with 
(‘oiuhustihh's, such os charcoal, sawdust, naph' 
tlmleiu', nit rohi'ii/cne and pienc acid, in pro- 
poitions to give eornplelo combustion. Tiieso 
im.'£tur(\s were used to a limiNrd ext-iuit for some 
liiiu'. but, owing to the hygroscojiieity of the 
unvtuies and the diniculty in ensiiring tlioir 
explosion, their use was droiiped on llic inven¬ 
tion of biiksting gelatine by Nobel. 

SjiK'ngel, in 18711, showed that a mixture 
of ainiiionium nit rutt' and himpliiack or charcoal, 
mixed with ordinary sporting powder, when 
lir(‘(] ill a Jiih', eausecl a considi'raule increase in 
t he* initial velocity of the bullet, os compared 
with th<' vehn’ity imparted by the same weight 
of sporting ]K)wd(U' (( ht'm. Soe. Proc. 1873, 805). 
Amiiioniiini nit rate, althougli containing 00 p.e. 
ovygeu, having a comhustiblc base, has only 
20 5 ) c. oxygen availalih^ for the oxidation 
of otlu'i Hubstanee.s : NH 4 N().,ii-N 2 + 2Hj(>4-0 ; 
whilst ]iotassmm nitrate hiis .39 0 p.o. available 
oxygen, siipyiosing to be forinod. Ain- 

; moiiiuni nitrut<% melts at about 100'^, an<l 
b(^giiLs to decompijse at 200', undergoing 
what is jjractically an iiitenial combustion. If 
lieutod suddenly to a high tcnijieraturo, as by 
jirojecting it on a red-liot Hurfairr, it deflagratm 
; violently, and Do Bruyn, in 1891, showed that 
i It (‘.an bir detonati'd by tlie use of a sufficiently 
i pow(!rful d(;toiiator. The great drawback to 
i the use <jf aiiimomum nitraUr in exploeivo mii^^- 
i tureii i.s that if w (ixtremclv hygroscopic. 

An explosive powder ff»r use in gun» and for 
i blasting j)urpoMes, patented by (lacnfl in 1885, 
; and termed nmuir. powder^ is a mixture of 
! an^uouium and yvotaosiuin iiitraU^ with char- 
j coal. 'Pho constituents wi'r^ usyd in such 
i pruportion.s uS to give, on ignition, potaasamidc 
; Kn^N, in aceordance with the equation: 
i KN(ia + NH4?;0s + 3C=:KHgN-fn20-^0^2t;0, + 2N, 

' according to wlyclr the jxiwder should be com- 
popd of 101 jiarte by weight potassium nitrate, 
80 parts ammonium nitrate*, and 4P parts char- 
%al.' The potassamido is stated to Iw volatile 
at high temperatura, fiicraasio^ the us^ul e 490 t 
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of tbu vxpl<Miv<*, und bumiug without n^idue, 
It in clauiirtd further for thu amidt jxni'drr that 
when bumo<l it l('av<jH very little niHidiA', and 
givoH much Icmk Kinokc than ordinary gunpowder. 

A HO-oalJi'd nmokelcKK jiowder, known an 
* jHJiodtr,' WiiM ut one time inanufiicturcd 

in Switzerland, and (oiwwted of a nuxtiut* of 
nitre, unirnoniurii nitrut. 4 % Hulphur, and tharc-oa}. 
It Wttrt praetically non hygroh(!oj»io. 

Not cjn)}' doe.H uinmoniuni nitrate leave no 
Holid nvnriiie on coniliUHtion, but itM n^o 1% 
exploHivee iiiw iK-en found to greatly ivdiKo liie 
tflnijM'raluri' of exphwion, and lliw ban <'auH(") 
it U) Ut v«Ty largely eniployctl in iikkIitii ho 
called ‘wafelv explomveH ’ for uhc in licry nmu-M 
'riiem are uLo a conHiderablo nninlx'r of am 
monium nitraUt L'xnlo.Hi\ e« now in uh*- fof'|.'t 
bloating work, and the \ery huge dciuaini for 
rthell high exploHivw iluring tlie hi^l tevv M-aiw 
hfM led Uj the general use of ainnioiuurii nitrate 
mixtunw with nit rohydroearbotiK. e.sj.eeuilly 
witl) trinilrotolueiie. for thi,H |)llJJ^<.^«• {,v/- under.. 
Tlfnit rotohiein') 'I'ln' inen-asinu munnfaiture 

of nitric acid and aniinonia by n \ nt Inf u met hot Is 
will probably lead t«i the ii.se' of {)iih ehwa of 
I'XjihmiveH Iniiiig hIjII furfher er^nsiderably 
©.xtcndoil. Ah abovf' f^taUal aninionntm nil rate 
alone umler BiilUeieni impulse is an I'.vjtltwive, 
but It luiiH U'on found that th(' mitlition of Hiune 
eoinbustible siiKstanet'. nt.l. neeessanis explosui' 
in lUelf, iH neeiwsars to foiin an etbeient bla-sluig 
agent or military hiirb explosive. 

Thette expln.slves a.e ia*ed with Thoroughly 
water-proofed wra]»peiN, treated with jxiraMin, 
eimwin, and r(‘Hin, erinle Mu*(‘line, pelroleiiin 

t iriidut'U, Ae , or wilh umppei-s of linn nietul 
oil, and the jiarliehvi of nitrate art' Ireijiienllv 
uoat>od with Hiniilar sub,stances, or uilh tb'e 
other etinstituenta f)f the nuxltiie. from snlulioii 
or l*y fuHion, HO ivH lt> lender them iion livgi'i- 
Hcopie. Th(' addition to animoniuin nitial«' 
mixtures of Hoveral Hubstanees, sinh an H(‘im 
HtilidH inadi' of glue, dextrin. Ae, aniline 
nietallie eompounils, HticJ] us aniline ('oppiT 
Hulphate, lueHelguhr, Ae., Ims been patented to 
eouutenu’t tlm action <jf atnuiHplieru' inoinfurt', 
by alworbing any moisture tuignudl) [>reHont, 
or sulweipienfly taken up on storage, and s<i 
leaving th<“ explosive eonstitnents in a dry stale 
Jn inannfa<‘ture, the ammonium nitrate is 
roughly erushed if necosHary, then tlioionghl} 
drietl and rM>\vdered m ik HWarn-jaekefed edge- 
runner mill and sieved. The sieved nUiute ih 
thcii intimaUdv niixisl in the same null, or in a 
Atoam-jackeUnl pan with gummdAl stirrers, with 
the other ground and eiev'ed ingrodieiits. If a 
nitro-hody of low molting point is a eonstiluent 
the mixture, it la usuaTl}' iidtlwl'in the molten 
form, «io OB to coat and W’aterprouf tln^ grams 
of nitr^to aei far as pusBible. Finally the mixtuit' 
is alkiwe<l to cool down to a certam extent, and 
Ihm made up int^v cartridges and waterjiroofcd, 
or Mcked for transport in mctaMined n^rm^ti- 
oalw BoaIe<t ’kogcti. Ammonium nitrat-e 
unde]^o«i a change of crj’stalline form at 
with incroasohi vmuoic, and iU niixtim^ should 
not bo m^o up into cartridges or poeked at 
a higliEvr U^uiperature than tlti 8 ,^r the cartridges 
exposed to the direct rays of the sun, asjece- 
pemaUy in tl^ presence of a little moisturo, th^ 
may eet very hard and become sKtr^eiy 
int ftpei tive to doAonatioii* In an atmosphere <rf 


Ices than a certain huiiuditv ammonium nitrate 
Li not hygroHcopio, and wot aninionium nitrate 
wdi lose moisturo and IxM-omo (juite A“y again 
under those conditions, though detorioraiion of 
the explosive may Imvo taken jilaco wliUst it 
was wot. 

The ammonium nitrate mixtures are nou- 
Honsitivt? to shock, and recjuiro a strong detonator 
toensun-there is not a ‘ miHS-liie,’and tudetonato 
them I'ompletcly and so develo[) tlwir full for<;e. 
Although the jiovviTof tJie.sf rmxture!«.s increased 
bv <’omprc.ssion, tlu' y "f detonation also 

mcieascM. Where ineii-tusc in }kjvv(T is necessary, 
but tins US'- of a mole powerful <|<-(ouHt.or is 
iiiidefural>le, the <ti{heull_v of deloiiuliun may he 
overconw' bv ii.siiig a siiiali ([uantily of an 
intiTmediarv ‘ pniiiing ' e\plo.siv(\ which fie- 
(|Uentiv mav l»e the oi'igtllal explosive it.self ill 
u loose foini. 'I'he .Soe I’niv <-iselle d'Kxplusifs 
(Fr I’at 'irdTo-l. I!)i2) elaiiii'- lliat. llu' easi* of 
iletonat n Hi' of aiiiniuniiini lutiale exjilo.'-ives is 
inipl'overl Ffy adduig n.li ^ipieous solution ol 
guru witli giinj*owder in suspension (o the 
gianiilal e<l‘exjiloMv e M.in_\ iif tlie.se mixtures 
are ext 1 eitielv ddli'uit to jiKfite, and a!mos( 
iinposHiliie to keep burning la* <hal<’hei lias 
piotiosed to er_\ htalli.se 11 litlje pola^.-viuui i iiloiate 
witfi the aniiMoiiiiun luti.Ue to M‘iider the 
imxtnreH more si'iisiine Meie <idflition of th«' 
ehioiat.r‘ is inadiiiis.sible, liei aiise of tlu' gnat' 
danger iii mi xing. and the m t n >n ol t lie iiiixl iiies 
IS al.so Hoinewhat. irreL'ulai : the salts bem^ 
isoiiioi phoiis. ili(‘y imiy !»' <'ij,st<dlise(l logelhei' 
in any pro]iOitions, and thi'se dillieiilties o\ei- 
eollle. 

The following arc some of tlu iiioie imjioitaiit 
ammonium nitiate explosives, lont.uinng simple 
eoiriliiiMtible suiihtaneeH .- 

(Olixjnt iioHu'tii eontiuiiH Ski pe .iiiiiiioiiiiitn 
nitrate, 4 P p.e. vegetable oil, 1 2 pi siilplnii, 
and t) P pc. barium nitrate. 'J'liis c.xpiosive ih 
iiianufaetured in this eountrv under the name 
of J'nnhnti 

hahvti mif at oni't ime eoiiHisted of a mixl uh' 
of tlu' mtraU'H of potoHsium and animoimim 
with naphthalene, Jkihiu.n)i(i ..1, the inodein 
variation, is compoHed of tM p.e. aiiimomum 
nilTuU'. ()\1i p,a. •naphthalene, anii 2 2 jk. 
jiotassium diehroinatc. 'I’he naplithaleiie is 
melted with the nitrate, ho as to coat ami 
U{if<‘rproof it. • 

'J'wo Austrian safety explosives are l}yiirini- 
mmi, eonteimiig 87-^8 p.e. amniuruuin nuiate 
and I2- I3 p.e. charcoal, and vxU*r-dt/n^imnoti, 
which ctintuinH tt-t p.e. anunoDium nitrate, 2 ji.i. 
jMjLoHHium nitruU’, and 4 p.e. eJiareoal. 

EliTlroiiiif , a ‘ m-rniitted ’ safety exjilosive 
made by t'urti.s and Harvey at 'I'ltnbridge, w a 
mi.xtun‘^f 7o p.e, ammonium nitrate, and 5 p.<'. 
barium nitrate with wood meal and etareli. 
The products of di'tonatioii are chiefly water, 
nitn^'cn, and a little carbon dioxide, and the 
flame is of too low a tcniperatun’ to fire explosive 
gas mixturtt. ^ 

Ehetronite Ao. 2 eonsist^i of 95 p.e. of 
ammonium nitrate and 5 p.e. of wood meal and 
standi. 

F rftetorite contains IK) p.e. ammonium 

nitrate, 4 p.c. reein, 4 p.e. dextrin, and 2 p.e. 
I potassium dichromate. ^ * 

^mgreasitt contains 80*1 p.c. ammdtaidm 
uitntc, 4*7 p.c. af>>Kiw hydrochloride, 6 p.c, 
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ammoaium 8ulphate, and 0*2 p.c. colouring 
matter. 

a Swedish explosive invented by 
Sjoberg (Stpockholm, Eng. Pat. 11658, 1887), 
was a mixture of ammonium nitrate mixed 
with a solid moiled hydrocarbon (naphthalene, 
paraffin, and the like) gelatinised with a liquid 
hydrocarbon (such as paraffin oil), and eontainn 
pure or similarly gelatinised potaHsium ehloraUv 
•It was found to bo unsafe, owiiiK to the inter¬ 
action between the iqtrate and ehlorate. 

WeMfalite is made by the Wwiphuliseh- 
AiihaltischeSpnmgstofT-Aetien-tJtvieUscIjnft. .Vo. 

I contains 65 ji.e. aninioiuum nilral^' and 5 j).c. 
of roelft or gum-lar. In No '1, 4 p e. of the 
ammonium nitrate is replaced by nit re; and in 
Wenffalitf '.i p.e. of arninoniuin nitrat<‘ 

w replaced by pfit jiHHiuin dichroniate. The ingre- 
dionts an' ground togi^ther .with alcohol or otlier 
solvent of the re-sin, amf then heated lr» drive 
out the solvent, ground further, and coinpreNsed 
into cartridges by a speeial shaking maelune. 

The nitro d(*nvativ»‘s of fho aroinalie hydro¬ 
carbons, which, as a ru](‘, ar<- hot in, theni.se!ves 
e.Kphwive, form powerful explo.Hives when mixed 
with atnmomum filtrate. 

Ahditr is an English ‘ (s'l’iiiitlnl ’ exploMM* 
of this class. Several varieties have Is'en made. 
No. I eoniainHaminomum nitrate, dinitrohen/.ene, 
and trinitrotoluime with sodium ehlonile as a 
niodcrant. No. 4 eontuins ainmon.ium nitratrf', 
trinitrotoluene, and starch, witli schIiuim 
chloriiU*. 

The Am7noni{(w are a elass of explosivt's 
containing th(« uitronajihtbalonos, nianufaet lin'd 
by the Minern’ Safety Kx)i1ohiv(« Cti. As 
originally |>ermitted it contained 8H p r. ammo¬ 
nium nitrati) and 12 p e. diiutruna|iiillialene, but 
this was renderedsah'r by tlutaddition of sodium 
eliloride, the modified eonipositioii being 75 ]>.(' 
ammonium iiitniU', 5 p.e, dimtronaphthalene. 
20p,e. sodium chloride,and up to 1 p.c. moistun*. 
'fho charge i« contained in a lead-tin alloy cam*, 
waltM^iroofod with paraflm wax ; limit charge 
IS o/.., jionduluin swing 2*44 ins. .Vo, 5 eon- 
tjiined tri- instead of cU-nitrunaphthalone, and 
No. 4 iiad part of the ammoniupi nitrate replaced 
by sodium nitrate. The lin^l charge of No. 5 
is 26 oz., and tlic*penduhim swing 2'4I ins. 

AfHviti is a mixture of 00 p.e. ammonium 
nitrate, 5 p.c. wood meal, and 5 p.c. of clilorodi- 
mtrobeTOonc, or of a mixture of dinitrobenzene 
and chlorinated naphthalenii. 

BeUile, invented by Lamb, of Stockholm, 
is a mixture of ammonium nitraU; with meta- 
dinitrobenzenc. No. 1 contains 16*5 p.c., and 
No. 3, 7*5 p.c. of the nitrohydroearbon. 

The mixture is heated to a temperature of 
between 50” and 100®,in order to coat the%>artiele« 
of the nitrate with the fused nitro compound, 
and compressed into cartridges before the 
mixture is cold. In earlier mixUm*, other 
nitrates were used, and the specification men¬ 
tions other nitrohydrocarbons. Boll^ is diffi¬ 
cult to ^nite, and ceases fo bum if tne source of 
heat is removed. Tt is claimed to bo a very 
powerful and safe explosive for use in fiery mines, 
and can only be fired by a fulminate dctonabir. , 

As manufactured by the Lancashire' Ex¬ 
plosives Co., BeUite No. 1 contains 62-65 p.c. ’ 
ammomarni nitrate, 14-16 p.c. trinitrotoluene, 
15'5-l7‘6 p.o. ftodium chloride, 3'5-6’6 p.c. ! 


starch, and up to 2 p.o. moisture ; limit ohugo 
; 20 oz., pendulum swing 2*74 ins. Later varietim 
; containing dinitrobeoxene, which have passed 
I the Rotherham tost, are No. 2, containing 6l p.c. 
ammonium nitrate. 12 p.c. dinitrobonzont% and 
27 p.c. sodium chloride; limit charge 32 oz., 
poiululum swing 2*42 ins. ; and No. 4, containing 
(i6 p.c. ammonium nitrate, 14 p.c. diniirobenzene, 
and 20 p.c\ sodium chloride ; limit charge 18 oz., 
jionduhim swing 2'62 ins. 

JiUick' licUiU' contains 61 p.c. ammonium 
•nitrate. 12 p.e. trinitrotoluene, 24 p.o. sodium 
chloride, and 3 j^c. jilrtmbago; hiiiit charge 
30 oz , js'iiduluin swing 2*48 ins. 

'I’he are mining explosives of this 

i hvsH wliirh have passed thi^ Belgian tiwts for 
safety . exjilosiveH. So. 3 contains 74 p.o. 
ammonium iiitraU*, 22 p.e. sodium nitrate, and 
4 p.e. trinit rotoliKUK*; limit charge 700 gins.; and 
No. 4 18 p «*. ammonium nitrate, 45 5 p.i*. 
potosKium nitrate, It) p.e. trinitrotoluene, an<l 
17 r>]>.c ammonium eJilonde ; limit <*liargo 860 
•gnis. 9 

J)(jrjU i.s a German ('xplosivo eoiitaiiiing 
aniinoniuin nitrate with 5 p.e. of potasstum 
nitrate, lh(“ eomhiistihleH being trinitrotoluene 
aiifl 4 p.e. Hour, an<l some 15 to 20 ji.e.; sudiuni 
ehloi'uh' being added as r(*struincr, 

J)rrui(iioiujht y>fn/v/e» on the English authorised 
list contains 73 77 p.e. ammonium nitrat<% 
U-17 pe sodium nitrate, 4-6 p.c, ammonium 
c hloride, 3 -5 p e. trinitrotoluene, with up to 
I p.e. of moisture, and Cfilourod with a trace of 
‘ red oil j ’ limit idiarge 32 oz., pimduUim swing 
2*05 m«. ; rcquiri'S a No. 7 or more powerful 
detonator. 

Ftnrruhdni pnu'iUr is a ‘ permitted ’ exploHive, 
rnanufaetured hy the (Cotton I’owdor Co. It 
eonsisted at one time of 85 p.c. ammonium 
nitrate, 11 j>.e. dinitrobeiizene, 1*5 p.o, am* 
moffium chloride, an.fl 2*5 p.c. sodium chloride; 
liut more recent (‘funpositions arc: No. f, 
84-86 p.e. ammonium nitraf^, 10-12 p.c. 
trinitrotoluene. 1.2 p.e. uninKmium chloride, 
1-3 ji e.sodium ehloriu(\ and i}~2^ p.o. moisture; 
and No. 2, 87-1)3 p.c. ammonium nitrate, 9-11 
p.o. dinitrotolueiic, and 0 1 p.c. moisture. The 
explosive is I'ontained in a metal coho and 
fired by a .Vo. 6 fletonator. A latter variety, 
compounded to infH't the Kothorham tfist, oon- 
tains 47'5 p.e. ammonium nitrate, 24 p.c. 
potassium nitrate, 10 ji.<!. trinitrotoluene, and 
I8*5 p.c. ammonium eliloride; limit charge 
24 oz., pendulum swing 2*61 ins. 

Fnvi(r\s the pioneer explosive of 

this class, first patented in 1883 by Eavicr of 
Paris, WHS a mixture ot.^ammonium nitrate, 
mono-, di , oi trinitronaphthaleno, and a little, 
ammonium clfloride, mixed and comprewsed 
whilst warm into metal cartridgos,'*«nd coaled 
with a Holutioti of lac or rcisin. It widi mariu* 
fa<4urcd in England under the name of 
wtowff,*and by the French (lovcmmciit under 
the name of ' Explonif/t N' w * OrisouniUs.^ 
Tw^ explosive^ which nave passed the Belgian 
tests are Farter 2 6m, containing 77*6 p.o. 
ammonium nitrate, 2*4 p.c. dimtriluwhthalene, 
and 20 p.c. ammonium chloride ; limit charge 
500 gmH. ; and I%vier 3 hit ; containing 60 p.c. 
ammoninm nitrate, 11 p.c. potaastom nitrate, 

p.%. trinitrotoluene, C p.c. flour, n p.c. alum, 
6^ p.c. barium cwbonctet^ 4. ammonittui 
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chlorul<', Mild 0‘5 p.<-. fK>tiywiuin jicrmauM^'anaU*; 
limit cliar^o 75<>«Ktiis 

FracUtfitt' li iM Ml) rxpioHiv** on tlio m-lyian 
fiennitU’d Iwt. It ••onfjums 75 p.c. ainiiwuimni 
nitraUi, 2 K p <•. <linitninapKtliaicni', 2 2 p.c. 
ammofiniiri (/\iklaU-. and 20 p.c. amm«iiiiuni 
chlorKlc ; limit t Itai'i/*' 450 niim. 

(Huthtuf is a (mtiiiuii amrimnium mtrato 
Mftfi'tV c‘\pl«imv«‘ with w' 0 (i(l UM‘al iu% the juincij'iv! 

jt>h‘, Iml almt «M)iitains 1 ji.f. <iimti'i 
IxMi/.fii'- and 5 j) <• cnppfr o.valatc ^ 

TIk' Ihixtinnifi MM' h < \pli.Hi\( s 

{oundtMl on I'ivvut'm pat^-nt * imjihlah/' 

C4nuln‘ .\ l'< roiilaiiiH 05 pc uiiMUoniuin nitrat*' 
Miifl 5 }> c l-nniti^naphthaliiM', ami A'4 is o[ 
Hiinilar coniposition, c.\cf'pl that 5 jm of the 
Mniimmiiiin iiilratn ih replaced hv j)orii..x-..ijm 
nitrate, 'rin-.se two ex|)lo.''iv«‘s. uhen }ia\e a 
thivirciii al lemp4'ral urc of jApl'ismn i,f imt 
>;rettter than lotHi' are usod foi' 'oa! .ettiiiu. 
thov arc ilycl ^n-cii. itJihilii> i<h}>i 

N^), iiH«'(l for ro'k hlasfin;:. ((iiitauis 0| .'> pi 
ftinrnnntum nitrate and H 5 p e dmil romiphtha- 
Imic ; it lias a t licoiel nad lempMatiiM- of 
cxplonUm of not I'li-ater tluui lonn , and i" 
dved red. A vaiK'tv, .Vh, ii'cd in iioii* 
<iAH);erours inal inini'x. cont ains S7 t p e am 
monnini nitrate and 12 ti pi' ilnnlionaplitha 
Icnc. and is ilycd yellow (Inson hln/hft iinirhi 
contains HK pc. aiiinionnini niti.itc, 5 p.c 
potfWMtnm nitrate, and 7 ji ' ' tidrsl ' 

A'fufttt is an Mnuhsli ]nrnnt(e(l c\]ilo,si\(' 
conlainih^ 1(2 1(5 p.c animoiiium niti.vle. 
.'12-'35 p.c. potiu^siiiin inlnMc, In Is pi* ainmo' 
nium chloride, U Mi jM- t unit n doliiem*. and 
Up to 2 pc moisture. Iinut iliivij,'c Is o/. 
pcndnluin swin^ 2 M ins. 

Mtnohft AultijU'-initi list is on tlio KelcuLii 
* pernutted ' list It contains 72 p • aiumoniiun 
nitrate, 2!( p.c. sodium nitrate, d p< tiiiutii|ito 
luene, and 2 p.<' tnnitronafdithah nc ; iimit 
cliante 4(Mt jjrns. 

Xrtjro fuiu'tin, us anthonsed for manufactu/c 
ill (luH country, is a mi.xhnc of S(i on pc 
amnionuim nitnitc. P II )> i ti iiiit loioluenc, 

I d p i‘. ^;raplut<-. d 1 ]> c moist uri'. ami a 
litth' colouring matter. 'I’he caitiidycs aic 
wrapjK'd in ]>Aianinc<l paper, and me tiled l>y a 
No. t) (h'tonator. 

Xcijnt fxtu'drr .Vo, 2. which h:us p.tsM'd tlic 
Uothorham eontiVins 57 pc animonnim 

nitraU', 15 p.c. trinilrotolucn<‘. 27'5 pc sodium 
ohiorido, and d f) p.c j^o-aphitc ; limd i hari'c 
u or . jH'ndnlum swin)’; 2-21 ins. 

St'UU'f.tlJaUi, a \ancty of \Ve.sffaht. con- 
taimu)! nitrohydrocarhon. IS on the (icfinan 
authorised list. !t oonUdns 7d ]».c ammonium 
Vitrate. M p.c. dinitrololuenc. 2iV.c. Hour, ami 
17 ]i.c. siHlium chloncle ; limit charye 5-U> unis. 

Siiroferritr ci'iitains dd ]) ammonium 
^ iiitraU'. 2 p.c. trimtronaphthalene. 2 pc p(*tas- 
sium fcrricvanulo. and d p.c. of cr\Ntalhse<l 
suKar. ^ 

Rvitnnif, pStent<Ml l»y l{gtli*of ('harlott<n- 
hurg. in 1SS7 (Hnj;. Pat. 2(>7<i. ISS7). had %.s a 
new feature^\e use of a chlonnati'd intn>hyilro- 
carbon, •hlorinatetl dimlrtdHuuene, said to 
render the explosive mortt s«)sitivc. and ais% 
increano thy dynaniie etfeet, but all Kai«pl(fi tlo 
not now contain this subatanee. I,«aro(' quai^.i' 
tius are inanufartured ui England nAxr ^'igan. 
UFo. 1 coQtaini397’5 ^.c. ftoii||oniiim nitrate, 7 


, dimtrolMMUcnc. 5 [>.<■. aminonuun suiphaU^, and 
1 1) 5 j).e. potAs.sium permanganaU', and Xo. 3 
' 87 amniomum nitraU', 11 j> c. dimtro^c'uzene, 
and 2 ]>.<■ chloroiiaplithaleiic. In later saiDple^, 

' innitrololiicno is used m jilais* of dinitroben/.cno, 
with wood inc.d and ])ota.s.siuin permanganate. 
-Vo 4. winch has p{us.sed the Kothcrhain test, 
contains til pc. ammonium mtiatc, 1(1 p.O. 
t riiul-i'ol.ohn'nc. and 2d p.c. sodium cliloride; 
limit- charge 18 <>/., penduluni swing 8<> ms. 

I 'I'wo (ii'iiiian <'omjjositi#as that lyivc passed^ 
till- U'.stsfoi safet-y c\plc>.»,ivcH ar<- Rohinit // 2 , 

contamni:^ 71 5 pt ainimmmm lutiati’, 5 j) c. 
polu-s.smm lutiatc, 12 pc 11 'lnitrotohicnc. ♦» ]».c. 
lloiir, 5 }i c .sodium I'liloriflc, ami d 5 j> <'. poLH.s- 
“-mm pcrinaMgaiiatc, ami Rol'imt //..containing 
55 pc. ammomitm mt.at<-, d .'> j) c potas.siuiu 
niliafc, 12 [M 11 nut lotolucnc, d p.( Hour, 7 p.c. 
.-odium i hJwtidc. 5 p c ainnionium < hloridc, 5 |» i . 
rn.igncHitc. and d .5 ii e po(,a,-sium [icrnianganatc 
'I'hc limit (haroi'of the foiiuci i.s dod gins , u-nd 
ol ill*- lall<-r*d5d unjs 

'rite titled inflate l- im ot [totaleil Wttli t)i(t 
molt4‘ii nil.Fo i<im|)niiml ami « oiujU'e.ssed int-o 
(.viiiidgcs , 1 ' usmil Kolmnd; jais a luowiiish* 
vellow coloiii It hinn- le.idiK', hut doi-s not 
e\.pl( i(.li' on Inu futi'.o it Is not sensii i\ c to siio* l^, 
fiction. Ol ])les,suie . it, l- ] it ;*( t H M i l_\ flailieies.-,. 
and safe in lieiv tnim#. It is inor*- powciful 
t-li.in gunpowdei, and its *'fTci t is not sludlciing. 

a safi't\ * splosnc mvcnti'd h\ 
Stlionewi-n. in l.ssil, consi-ts oj 74 h 5 ]»e 
ammonium nitiat*’. and 15 2(i pi metaduiilro- 
hi n/cnc. iiJitci \ at let ICS. I fillial y/timtli s., .srt n. 
nit. also contain amnioututn oxalate, and som*-- 
times t,nni(iobcri/cne and 1 1 iiiit roiiafditiiah’iu’ 
are us<-d 'riu' c.\piosi\e is mad* h\ iljs.sohmg 
the salt III watm', evaporatitiL'. diMm, at SO’, tnid 
adding the nit lofiviiioi at bon. 'Da- nii \ t urcs 
an- i'oat4-(l with mtraU’d lesin 

Shinijnirl fHiii'il'i, a [wtnntted c\[ilo-is c. 
contains <i8--72 ]> e aiiiinontiim nitiate, 21 2d 
l>c sodium lutrat*', 3 I )<e tiimttotolm-nc. 
d 5 4 5 p e aninumium < iiloiide, ami up t-o I *■ 
imii.sture. Innil eharge 12 0/ , pendulum swing 
2 12 in.s 

’I'hmith} th nmtains d2 }}.e. uninuumini 
niliat*'. 4 p.i l^nArotolueiu', ami 4 ]i.e fhaii. 

Tilaitih Xu. 1 IS a nii\tfti<‘ fif S.5 SS [> * 
ammonium nitiaU', ti 8 p e. triiiitrotoIm iH', 
4-5-*>.") p.*-. ehaieoai dried at- 1IH> , aml^-1 p e. 
moist un*. 

/ //.'/> r *-olitains 02 -<i,5 p amni(»nnnn 

int late. 12 5 14-5 p.c. sodium lutraU-, 4-1 i [).e. t n- 
nitrot*iUi<’m‘, l.d5 p.e. ammonium I'liloflde, 2-4 
p*. .stareli ami up lo 1-5 moisture; limit 
cluirgi' Mi o/.. jK'ndulum swing 2-li4 ins. 

ri'r.snir/l’d.v chrcwunntnoriif, reinforced chroni- 
ammoniu*. is a mod*‘rn (Jermon safety explosive 
eontaining 7ti ice. ttnimonium uitmte, 10 j>.c. 
{)ota«Mium nitrate. 12-5 p.e. tnnitrotoluene, 7 ji.e. 
ehroin*' ammonium alum, and fr/) p.e. vaseline. 

m iSKKi (Kng. I’at. 4115), propfwed a 
mixtun* 85 p e. ^mmonium nitrate with 
15 p.e. *)f rutrad-u resin, or a nitrated mixture of 
iv.sm ami stareh ; tlie latter is added in threi' 
su<’ee-.s.sivc portions. t'a<‘h portion being treated 
’ with . atomiHiHi methylated spirit. The resin 
in this way is caiwesi to coat the partieks of 
nitrate aiul render thorn non-hygroscopio* In 
Home eases p.c. powden-d aluoiimuti nay bo 
added. A variety of this explosive c^led 
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jSterliie A, containinp 2 p.c. raptor oil. haw l>eon two of aluminium in an cxploflivo, which wm 


i antiiorisocl in England. < 

^ HV-rf/WiYc A'u. 3 contains 58-(5l p.c. am- ; 
[monium uitmto, 13-15 p.c. pr.t4wwiuin nitrate, 
p.c. trimtrotolucnc, 20 22 p.c. ammonium : 
I chlonde, and water up t-o 1 p.c. ; limit i harpe i 
t 12 07... jKjndulum swii^g 2’55 ms. 
j Witnnf'U ftoivdcr is a miAturc of hh 02 p.c. 
[ammonium nitraO^, 4-t) pc. trinitrotoluene, 
;4-(i p.c. (Irial dour, and tt-I-.'i p <■, moisture. 
'The c.xplosive is conlairuMl in a water proofed 
: linen-jiajKT wrapper, and tired by a 7 

detonaUir. 

Ammonium nitrati- ini\tiireH with organic 
basic HiilwtunccK and their nitrates, smli ’lu* 
aniline, guanidifte nitraU*, and urea rut i ate, 
Jiave l>eca proposed. Kutun (hing. I’at ll.''i02, 
J8ft4) patented a nii-\lurc of 7’» O.'i ji.c aniinoniuni 
nitrate and !)-2rt p c. aniline or toliiidne* nifrali'. 
The (‘arboniU* Svndicati'. Ltd., in ilie /iuine \ear. 
proposed a mixture of p c urmnoiiiuiii nitrate 
ami 0 p.i’ aniline hvdroi lilorub*, iimli'r the iiaiiie 
of Pr(yjrt\i-nt'i. (drard (I-'r, I’ai 350371, lHUt) 
claims that a powerful explosive is forimal b\ 
fusing logctlurr 80 parts anniioniuin nitrate and 
88 parts giiauidint' nitrate 

A cla.s.s of aniriioimini nitrate safi-ly e.xplo- 
sivcH has come into use, in which a hffh* nilio- 
glyccrin, bomotimes gnatinised with soluble 
nitrocellulose, is added to ovi'ieoiiu* the insensi- 
tivencKS of the mixture, but not eimtaining 
enougli of tins eonstitiient to phu-e tlimn amongst 
tlie dynamites ICvplosives of this type aro: 
AuimuH’CarhofKt is composed of 80 3 p.e. 

• amniotnuni nitrati'. ,5 ji c. potassium mlralr' 
ti p.c. eoal ilust, 4 5 ]i.e. p(iwd(*red Htareh, 4 j» e. 
nitroglycerin, ami 0-2 eollodton cotton. 

Donarity whieli (‘ontains 80 p c. ammonium 
nitrat-c, 12 n.e. trinitrotoluene, 4 p.e. flour, 3 8 
p.e, lutroglyei'nn, an<l tl-2 pc collodion 
Cotton. , 

MvUitKj qtumhr contain.s .51 .5.5 pc. ammo¬ 
nium nilrato, 11-1.3 p.c. sodium nitrate, .5-7 pc. 
trinitrotoluene, 3-.5 p.c. woo’d meal, 4--() ji c, 
nitroglycerin, lH-2t) p.e. ammonium oxalate, 
and uj) to 2 p.c moisluri*; limit charge 12 oz,, 
pendulum swing 2 02 ins 

.S'wpcr-Axrci/t/c.consists nf*7.^.5-77 p.c. am¬ 
monium nitrate, <)-5-8 p.c. potiussium nitrate, 
2-4 p.e. wood meal, 3’.5 -»5 p.e. nitroglycerin, tt-11 
p.c. anwnonium oxalate, and up to 1 5 p.e. 
moiature; limit charge JO oj., pendulum swing 
2‘74 ins. 

Supcritr contains 80-84 p.e. ammonium 
nitrate, 9-11 p.c. ])otas.siura nitrab-, 2 .5 p.c. 
starch, 3.5-4 5 p.c. nitrogIy«‘erin, and up to 
2 p.c. moiaturr ; limit charge 10 oz., pendulum 
swing 2'53 ins. ^ 

Some ammonium nitrate mixtures are 
sonKitised with nitrocelloluse insrijad of with 
nitroglycierin or nitroglycerin jelly. For example, 
the German Explo.sivc Fvhnnni contains (i|>'5 
p.c. ammonium nitrate, 5’5 p.c. trinitrotoluene, 
^•6 p.o. paraffin oil, 1'5 p*. charcoal,^nd 4 p.c. 
guncotton. Wet/er Fidmenil is of similar 
composition, except that 10 p.c. of the ammo¬ 
nium nitrate is replaced bv sodium chloride, in 
order to reduce the temporaturo of cxphiaion. 

MomachU contains 12 p.c. trinitroxylenc and 
I p.c.* charcoal as combtistibles, reinforced by 
1 p.c. coUodion cotton. • 

Escaieii,' of Munich, in 1899, first proposed the 

VoL. Ill,—T. 


manufactun'd under tho nanw^of Wenghcefftr 
(Eng. Vat. 24377), whilst in l!MK) von Dahmeii 
(Eng. I*a1. 10277) claimetl the use of alununium, 
magni'sium, or other light metal mixed with an 
oxidusmg agent, a suitable mixturt' syggested 
(oiiMHtiug of ammonium nitrari'. aluminium, and 
eliari'oal in the jiroportions 4NJl4NG.n-f-2Al-|-l'. 
Subsetjiienlly. the (duiri<ud was onntled, and an 
expk'Nive suggested on tlu' bat^s of tiie o<piatii>n : 

• aXl^No,! t 2AI At.O^ ! I'lLO-l 3Na 
'I'luit i.s, a mixtun' of ammonium Tiitrate and 
: alumimum in proporfionn for the eomjilete 
eo 111 bust loji (it {hi> latter would eon tain 81 *9 p.e. 
ainmoninm inlrati* ami ]8'4 p.e. alumiiiiunu 
1 'I'fiis mixtiiie would yield 157.8 eakiries }M'r 
: gram and i-volve ()S2 < .<• of giws. The eliareoal 
IS /kd<k‘d to fa(i!itat<‘ the detonation. ^'on 
Oahmeirs expIoHi\’e is now on the market 
und«“r iiie name of Jami hits given very 
.good results, liotb its a immiig rx)>h)s]ve and ^ 
a liigh explosive for shells, tiu' prop(»rtion of 
aluinmiiim being \aried aceoriling to the (dleet 
desired. 'I'he ' aniiiional ’ permitted in thiN 
elnintry as a miimig e.xplosui' lias the composi- 
fiort 93 !»7 pc ammonium nitrate, 4-(i p.c. 
aluminium, and 9 1 p e. nioiHtun', ilu' ('Xplo- 
sive being iniitaiiied in a thoroughly water* 
proofed ease. 

Aiinnoiidl li lias the composition 94-99 p.e. 
ikiiimoiuuin niliatis 2 <5 3 5 ]>.e. alununnim, 

2 3 p.c. woo<l eliareoal, and 9-1 p.e. nniiHiurtx 
This explosive jiassed tin* U’oolwich ti'st. For 
onhiiary l>lii.sting jiiuposcH a more ]iowcrful 
imxtiiie iH uhcsl, eoiitaining 72 p.c. ammonium 
lutiate, 25 ]M'. ahiinintian, and 3 ji.<\ charciial. 
'Pliese (‘Xjiiosis'cs are manufactured liy tlu* 
Kobunte and Ammonal Co. 

Atfnmomvl iH very insensitive, and burns-with 
diflieiiJty. It i.s said to be one of tho safest 
expktsiveH known. It is stable under dry con¬ 
ditions, biiti IS h,\groKeopi<; nndiU' the conditions 
of humidity in whicli atniiioniuni mtralo itself 
absorbs moist-iire. It is tired with tiio usual 
det.oiialor, ami tho pnslueta of combustion are 
said to b(' harmk«K ; they, liowever, contain a 
c<>usjdenible jiroportion of carbon monoxide. 

h'or an ammonal containing 72 p.c. am¬ 
monium nilrati-, 23‘5 ji.e, aluminium, and 4-5 p.c. 
charcoal eompresHi'd to a density of 0‘9, Bichel 
I found the vefoeity of detonation to bo ,3450 in. 

per “fii'c. 3’lu? lieat of cxpkision was KMK) 

’ caloricfl. and tlie calculaU-d explosion preaeure 
! was 9425 kg. per sq. cm. {Zeitsch. angew. Ghcm. 

, 1905, 1889). 

i Ammonal has been used in this country for 
j military purposes in bomlis and grenades. In* 
i Austria four grades are manufactured contain¬ 
ing 80-90 p.e. ammonium nitrate, 4-18 p.c. 
aluminium, and 2-f» p.e. charcoal, and it is a 
servi^'C cjcplosivc in that country. 

Kinco tho introduction <4 ‘ ammonal,’ 

aluminium has«b<‘cn added as A ingredient in 

■ many other explosives, chiefly in iiuxturea of 
the ammonium nitrate class with^itrohydro- 
earbons. The aluminium is usually uaed in the 

■ iBrm of powder, %hich is mode by firet pouring 
tho i^dteri metal into water, and then poifhding 
tfag small irregular fragments so proiAuced, after 
drying * u«dor stamp-mills until a sufficienily 
fine powder is obtai^pd,* THo us# of aluminiuM 
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and oIIht (•/V‘iIv nu-tAlw in t)ic f<irni 

*if ‘ rnet<»l woo).** hjw< U-m patmU'c], Mm* i}n<'iM*«K 
of (iivwMMi U-iOL' ^»od t<i a cdUHidcraMe 

infiucnftj on Mm* td the (•xj>Iohiv<-. 

TIk' oxKlatit.fi i>i Mir Hhnniimini sotd frco a 
largo aiisoiiiit nf licaf. and H i-s claJiiird that 
the) nirrlMiJilc.il of tin; <>pJoHi\f*« in 

o»)nHiih'rul>lv on n-itni'd Liclu l, liowrvnr (/.«•.). 
contrndH tlinf tlir n-sull'' hliowmr tliiH 
fn-eai olitHllirii il) tin- lead hh/cK 
lont., utnl an- fidlarjouH. and Miut uitual u.sf #i 
UMfM'H ^la^' dinioiislJivti-d timt Ifii- in'-ira^r jn 
(*H]i'i<‘ii< V dm- to till' uddition of idiiiiiiniinii 
IH oxt.n-iiji'lv -sliulil lit- aliiiniH tiiat alHiiniituiu 
can oitiv III’ add(‘4 (‘ooiKinm allv t^o lliosi- 
Kjvit* wlijrli li/iM' a low t(-ni[i(‘ial urc of c.vplosioii ; 
JVM with <*llu-rH. jiMlifnitrli tlirn- i.s soin*- im n-itsr 
ill I ho t* fll}'<'TalllM- of llir «'\|i!omIoo. It' I.-' Iiioir 
than foimtci halani od tiy tlu- do'K .o-rd \ i>luim 
of gaM {irrxiiH cd It li.-ia ln-rii loimd tli.it llic 
addition of n f<-w poi i«-iit'i <4 Hliuniniiini 
l ho lull- of dot onat loll ol t ho i‘\pl< 'M\ i-f*.' 

Maoliali and tin* AliiMioiiui phH^i\ os ('o . 
I/td {Kng. I‘at Iti.'ihl. IIMM) piopovo tin- nd<ti- 
tion of )iola-<Miuin rlM-hromafo to oy jilo.-.n os of 
Ijio 'aMiiuonal' (.Vj>c M ih <luiiiiod that iti 
this wa> Mioro ajiiniinium may Ih* iimoiI, v-i\ing 
groutoi ovfilo.siM- jiowi'i, without <liiiuiii>»iuiig Mio 
.sah't \ of t in- o\[ilo«i\ 0 

(it/i/iioiiiil I'oiitain.s .S'f ,s7 pi 
ainiiioiuiini till rale, 7 (t p.o ahtiuiniiini. .'I ]> i 
oiian-oal. II I [< < potassnini hK'iiioinato. and 
0 I p,<', iiioiHluro, and i>t yjoio/.j >011 

t>ainH ito paniinotnuin nitiato, 2-11 po 
ivluininiutn powder, li A po tnnittotoluono ami 
O-I p.c. inoiMturo, lloth IhoMf-('xjilosiNcti passed 
the NVoolwioli li'.siM. A more po-wmfiil va,riol\ 
for onliinii'v lihksling purposevi oontaiiiK 47 }>o 
amme'tnniln nitiato, 22 p.c. uluininiiim, lid }<«. 
triiiit.rotuhu’nc atid i p.o. i-iianoal f/os^oo 
Wi’-'itfithl ii and (' aro (h-rnnui aniiiioiials > on- 
tiunmg (litiifrolx^n/ono and ilinitr-otoinono lo- 
Kp(»ch\ oly 

KoHidtvi idiiininiuiu and magin'Minin. nmiu 
othi'i' in«‘tals and suinl.u Miihstnmcs wiiirh 
va'Id oxides lediioihlo with ditlioiilty. im Jndtiig 
oopper. /ino. non. Milu-on. feno '-dioon, siliooii 
<-arf)ido. vatioiis alloys, (al' tnni, horon. and 
Mueli lart- nu-tals as thos<- of tin- ooinnn giouji. 
have l|«'<*n pioposed and patent<-d for addition 
to expliKsixo iiiixturivi 

Sn^'iihit IS an annnomuin ni(nvt<- exp^iisu!- 
eonMiining ealoiiitn sihcide. with fnintrololm-iu' 
Ml help tlie dt'tormtion. If lavs Iw-on used in 
KngUvnd for filling hoiulx* and gTeiuulo.s, a 
uNiml fortmila hi-ing 7S ji amiiioniuni nitrate, 
.l-ip.e. ealoiuni siheido and S p.oaf nnilrotoluene 
When liMiMc this explasive law- a density of about 
d-H ivml IS eompnysjied in oartndge.s U> a density 
of I-d to l ir> with conseuuent inottMVMO of efb- 
oieney. but if coinprt'ewtyl wvond this it cannot 
l>e detoiiat^Hl Hat-iMfueUmly. Stvtiy (HngA I’al. 
ll.‘iOS3. h>l 7)i.j‘»ropo«<'M to considerably iiirreivsc 
the proportion of .'JiHoidc, ao that on e*X|>i'«ion 
the priKiuotii ttfx* not thoae of eonipleto eoiubus- 
tion. and feHtoa that the moat powerful mmlU 
are obt.ailfie'el when the pn.iportion.s an* 8ueh that 
the uarbon is tumen:! to carGltn monoxid^ and 
only half the hydrogen in turned to wat^'r. 
Huggewttid propori-iona are (><> p.o. 

27 p.p. calcium ailicido ami 7 p.e. tri* 
nitruUduene He elaima tHat with thm inixtim* 
1. 


file power is iiuTcawed by Id p.e. when looBe, 
that ilu^ e.xjilosivo can n-adily la* detonated 
oviMi when eoinpre-saed to a denaity of *'45, that 
it i.H lees hygrosoopie, and that it i.s more eaaily 
Inmdlerl. The trinitrotoluene may Ix) rcplaooil 
bv fs-t.i'\ 1, tot raniiraniline, liexamtrodiphenyl- 
aiinm-, or mlroglyei-nn. 

'j’ho im-t[iN may lx- mixed with other oxi¬ 
dising uL'cnts Ilian aimnoniuin nitrate, for 
iivstanoe. barium niliaU- Jia« bei-n proposed in 
loi'ont niixturos witli aluimimun. Axlinau (L.S. 
I’.it ld.Mi3S9) proposes a iiiixtun- of dd p.e. 
bainini nitrate. 2d p.e. Innitrololuene ami 2 p.e. 
i‘-ad chromate 

L'lvl iiitxilc liius lieen projiosed ivs the o.xulis- 
i!ig HL'cnt in e.v])losive inixtuies. fog«-ther w-itli 
tin- Usual mlrnliydroearbons. or othei explosive 
or s<-iui I'.xplosne eoiiipounds, foi examjile, de 
Mueat (Ixng I’ut. Idir^u ItMKi) proposes nu.xfure.s 
fontaimuL’- h’ad mfnile im.ved wifJi J7 ji.e. 
dimlroxvieye. Id |) e anunoa/.oben/eiH-. or 
4.’> ]i e. <linil loi eilulose Krniel (hi. J*al 3 1 /5(Mi, 
lIHiT) elanps MiJit the addition r<f lead niiiute 
to aiiinionnini nitrate explosives ensures eer- 
tiunty of d(‘lonation. the im rxased sensitne- 
nes“. hriiig rounteraefed by the jiddition of a 
Kiiiall pioporti(>n of glycerol 01 lujuid hydro¬ 
carbon. • 

Chlorate Mixtures. 

Tlic cliIonites contiiin a large sloie of avtiiJable 
oxygen, w It b wlm h tlic\ [lail. at a <-oinparativel\ 
low tempciature. iimf witli conibnstiblo sub 
Stances \ii-ld extremely bnisijue and violenl 
explosives fliloiak-H i-onliim ap])ro\inintcly 
the sHine pi-reentagi* of available oxygen u-s the 
i (It lespumlnig nurat.es, but they form more 
-i-nsitiye ami violent mixtun's, owing to the fact 
that tln-y ate emhtlhernne : the niliatA-s, witli 
the e.xieptioti of ftimnoiiiiim nitrate, are not 
llertfielot (.Mein ties Pouilres ei Salpetre, IJKXI- 
l!)|d} lias sliown tliat potassium <‘h]orate alone 
can lie made to Ui'tonati*, by allowing a small 
rlrop of the fusi'd salt lo fall on n red-hot 
Miifaer- t'lilor-ate iiii\lureH art; readily ex¬ 
ploded by fnejioii or pereuKsion, rendering 
tlieir nuintifae^ira highly dangerous, and they 
are u!l luil>!e t<i spontaneons ignition, if the 
int;redu-n1»' «-ontttin. or are liable to generate, 
traee.s of acid Jli.\ture.s with sulphur or a 
metallie .siilpfiide art* very sensitive, ^nd an* 
liable to be(-onio in.stable. Traces of sulphur- 
oti.s and sulphuric acid ]jrt‘sonl in the sulphur, 
or formed by oxidation on storagef litaijate 
chloric acid which necelorateH the oxidation and 
may idtinuit«>!y lead to spontan^iui ignition of 
Mm- nu.xture. A further drawback to their 
use isathat their Htuisitivenetvs lo |)en*UBflion 
and friition fn'quently increases on keeping 
ami t-xpofiUrt' a!t<Tnately to moist and dry' 
comlitioiiH.—a jihenomenon that has lx;on 
paftly attributed to fine rrystals of chlorate 
erystallnqpg out on the surface of the mixturr. 
The chlorates alone Ire liable to explode when 
suddenly heateil to a high temperature : ex- 
plosion.s have iKcurrecl w'hen large quantities of 
, |>otaa*imn ehhirate have been involved in fires, 
j Polasstiim cktomU misixirea.' BerthoUet, who 
discovered potosaium chlorate in 17^, prapo^ 
I its use 08 a substitute for nitre itf exp]o8iTe 
j mfxtura, but early experimenti l8%to several 
I HoriouH accidentrt an^ temporary abandonment 
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of iU une. Since that time innumerable mizlnree 
have been patented^ usually with some attempt 
to couq^roct the oztromc sensitiveness of the 
mizturce, by the addition of some deadening 
agent, suoh as an oil. vaseline or paraffin war. 


all too violent and uncontrollable, and exploeivea 
of this class that have had extended uae are 
all detonating or blasting explosives. 

Street, m 1807, invented Cheddilt (£ag. Pat. 
0070, 1807), the name being derived from 


to coat the irrains of chlorate, or some K|>ccial | (.'hedd in Switzerland, where it was first made, 
mechanical cxp^'diont, such as only mixing the ! This explosivo satisfied all tests, and is now 
chlorateandcomhustiblc iniincdiaUdy iK'.fon'usc. | very largely uschI us a blasting explosive. The 
The usual i onibiiHtihh' sul>stuiu'(‘H, sulphur, i composition of cheddite is constantly under* 
charcoal, i)c*at, tan, sawdust, bran, starch, gum, going change in detail, but it is oasontially a 
sugar, and 'frequently jsjtassiuni fetrooyauide mixture of potassium ehloralfc with one or more 
and realgar, have* Inwn proposial. togetlier with *nitrohytlro<'arbons and castor oil. Some ex- 


such doadenerM a« tar. pitidi. jiaiaftm. ozokerite, 
soap, glycerol, a syrup i>f grape sugar, boiled 
linsoeil oil. an<l iiuliarubber solution. 'I'hi* mix¬ 
tures were freipientiv ]in*pose(l Id !m> usetl in u 
moist, pasty (•f)ndilion 

Very feW' luss! be cifiMl as examples HVo/e 
fjiinjwiv'irr was a mixtiin' of a)ij>ro\iiiia1ely two 
parts of p(»tasMium i liloraU' ami <'n(“ part each of 
potaMsium ferro< yamde and siiear Knirtifr 

Was an explosiv'e }>ropos<“d by Kullenslein. , moiionifronapbihalene. 'I'he ohedditos 

and Li.scb (Kng. l*at lOitSfi. KSK t i eonsistmg of NiO are more violent than 2’ype 41. 
potassium chlorat*' incorporated with intro- j r//efM//r, os yiermitted for use in this 

iienzcne. tlm k<‘ned and gelatmise.l with a little ^ country, bos tin* cumposition 7fi'r»-70T) p.c. 
collodion cotton ami siilpliur, h.s iireeijiitab'd j'pot-as-siuni eldorati*, 14'r>--lfi-fi ji e. mononitro- 


ainples are; Y’y/^e 41. 80 p.c. potassium chlor¬ 
ate, 12 p.c. mononitronapnthaleno, and 8 p.c, 
eiifltor oil. 'J'pjM'. 00. 80 p.c. potassium chlorate, 
!2 p.c. monqpitronaphthalcjle, 0 p.<'. castor oil, 
and 2 p c. picric acid. Ti/pr 00 80 p.c. potas¬ 

sium chlorate, hi p.c. mononitronaphthalono, 
r> ]>.<■ ctuitor oil, aud 2 p.c. diuitrotolucnc. Typr 
tiO (n,s 70 p.<‘. potassium chlorate, 15 p.c. 
linitrotoluene, 5 p.c. castor oil, and 1 p.c. 

' of Type 


antimony Hulplmic. A moditusl *kni«tit<j' 
was made by onut-ting the antimony p«'n1«- 
sulphide. It reiiiiuedWi lugh t^mipcratinc fot 
ignition, ami did not explode on heating ll 
was, liowever. \ery heiisifivi’ t.o fiietion and 
Ix^reiisHion, and s<» ebenmaliy* unstable that, its 
inunufactuii' in this countly was not authorised 
Among foreign attempts may lx* mentioned 
Pftiofrndi'xr, favouiabiy icjioited on by an 
Austrian militaiy l ommitlee, consisting of 07 p c 
potassium cbloiate, 20 p «•. potiLS-iiini intrati', 
10 p.c nitrobenzene, anil 11 -{i c. antimony sul¬ 
phide; and Turpiirs (*\pIo,sive. DupUxiif, a 
mi.xture of 70 ]»<'. p«)tassium cliloratc, 10 p.t’ 
eharcoal, 10 ]»o. dinitrobenzem-, and 10 p.c. eoal 
tar {Fr. J'at, 180420. 18HS). In Kngland, 

Kitchen (Eng. Fat 11102, IHHO) submitted a 
samjjle of <‘xpJosjvc to tin* Home Ofl'ne authori 
taw. containing li parts potassium chlorate, 7 
parts potas-nium nitrate, 7 parf-s sugar, and I ])art 
eofil-du.st and paraffin oil, 'that, was favour¬ 
ably reported on. but wa.# rwver put on the 
market; and practK’allv the only chlorate 
raLxtiire that was ever u.sed, until sonu' ten 
years^o, was Aaiihohue (Eng, I’at 2488, IHKI), 
which consisl^'d of .54 p.e. potassium chlorate, 
42 p c. liran. and 4 p.c. Viitn* anri potas.siuni 
sulphate. The mixture was deadened with 
parafliit, ozokerite, rir soap, and coloured jiink 
with fuchsim^ I'hw explosivi' was manufactured 
at IJangollen, but it was not a prartii’al suecess, 
owing t.o its bulky' nature, and the licenee for 
manufat'ture wa.s subsequently withdAwn. 


naphthalene, 1-5- 2 5 ]i.c. dinifrotolmme, 4'fi-fl'5 
p e <‘a.snir oil, and 0-1 p.c. moistujx*. 

The method of manufaeture of' <'he^ditea ’ ia 
to iii'at. tin* eivstor oil by HU>ain, in a jacketed 
eiiamellisl iron ]ian, to u teinperaturo of 70®. 
'riic nitroliydrocarbon, or iiitrohydrocarbona, are 
then addeil, and when the innss is molten and 
liomogeneouH, it. is allowed Ui cool to 65°, when 
the warm and dry powdered ehlorato i« mixed 
m by iiu'atis of a wooden apatula, and Htirred 
until all wliite purtic]<>H nave disapfioared. 
25 kilos, of iiiatiu'ial can be made in about 7 
miniiUw. Finullv. the mixture is poured on to a 
woyden bench, ullowctl to cool to about 30°-36°, 
the rnasH being still som<‘what ])!astic, and then 
crushi'd by rolling it with a wooden roller. The 
rolling j»roct‘KH is r<‘peaUid ,whfn the maaa is 
cold, 'I'lu* tinislied explosive is in the form of 
lirownish-white or yellow grains, but is sometimes 
artificially coloured, 

Th<’ stability of ‘ cheddiU^s ’ is said to be 
iiK'n^ased on jirolongod storage. 'J’hey ar© 
insensitive to shock and friction at ordinary and 
at very low tcmjK‘rature«, ami bum more or 
h*8fi rapidly, without any tendency to explode 
even wlien fired in large maoses. Keeping for 
a fi>ng fK'rKxl at 120'^ causm no decompoHition. 
At 204)^^“ the oil deeonipoflce, the nitre- com]>ounds 
volatilise, and the mass dries and blackons; 
and they do not deflagraie until heated to the 
temperature of deconimwition of the chlorate. 
‘ Typ<' 00 ’ ii^ said to oe about as powerful jn 
blast-holeH as ‘ dymamile No. I,’ although it 


For many years no exy)losivc containing . only produew awut half the effwt oi the 
potassium chlorate was licensid, ancl indention j dynamite in the leoti-blook test. ^ 
was turned in other directions, owing to the! I>eering, in lOO.*), found that a ‘ chpddite,t 
high e<«t of chlorate explosivi's, and the greater i haVin^ the comjioeition 73 p.c. poiassiutn chlor- 
explosive ptjwer of Huclj exploHivi'H^ dynamite ! ate, l(i p.c. ^dinitrotolucne, ^p.c. starch, and 


and guncotton. (>n the introduction of electro¬ 
lytic potassium chlorate, the price was greatly 
i^ueed, and efforts were again made to obtain 
tt practical cUoratc explosive. The first elec- 
trolvtic chlorate factory was started at VUIers- 
sur^eriies, in Switzerland, in 1889. Tt has 
not been found possible to make a Batisf%ctoTy 
propcllnt with a ehIorate]^mLxtait% as they are 


5 |).e. castor oil, gave an explosive effect in a 
lead bk>ck=0*76, guncotton being unity, and 
that a thin layer between harden^ ^^1 surfaces 
required a blo^of 120 foot-lbs. per sq. inch to 
ca^sc slight charring in cme part, whilst, with a 
blow of 100 foot-lbs. per sq. inch^tTie explosive 
practically all fired. 

If incwrectly |>rogicrrtiAnedUthe *cheddi^ ' 
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dm liahlp 1(1 exude uil nn '«toru^>e. They are mixtures mentioned. For example, ‘ eheddit^ ’ 
rtwhiv coniprt-HHililc jihd-lhi-ir HrnwtjveiH'HH to aro mttnufttt'tur»Ml of Uio conipoHitions 2yw4iA, 
deUmalion dimnuHhi-s with uHTcawod (U^inify ; Sttp.c. Kodium chlorate, 12 p.o. nitronapl^lialenc, 

care ik. therefore, neresHiu v t.o a\(*id <)\er-ram- and 8 p.o. cafltor oil ; Type 0(hV, 80 p.c. sodium 
rning in use. Tlu- veloeit.y of detonation in- cldorate, l.‘l p.e. nitronaphthalene, 2 p.c. dim- 
ereasi-H witii eoinpreMKjnn uj) 1o a eertiun point, trotoluene, and Tj p.e. eaiitor oil; and Type Oh, 
but Im'joikI till'd It rapidly dmnniNhes. 7!t p.e. sodium elilorale. Hi p.e. dinitrotoluene, 

Many e.xploHtves ot tlie .Street type liave been anil h p.i' eastor oil. M'hese mixtures have very 
introdueed .sime ' rlieddife.' vanoiiH nilrohydro- niimlar jjropiTtieH to those eonlauiinff potawsium 
earhons hein^ efimhiiieij wifJi the ehloiale. chlorate: they are, liowever. liiibje to absorb 
linproveiiientH liaie been directed towardn moisture and the ('}irtrid)i<“s are consequently 
iniiuiruHin^ the ehanee of e.Mjdation in lio^ dipped in paraibn wax 'J'lii y should not contain 
climates. Street him.seif (Kn^'. I’al I27(i<l. more than 1 p e moisture. 

iMttH) proposed to use a Huljiliiiraled oil, fat. ni littnum rhlond' lows ln-en jiroposcd in a few 
fatty Held, made hy healmi/ the oil.s or tiit.>- mixtures, •hut it.s ap])ljeation is praitually 
with sulphur at IHO until they tiucken. instead limitcil to jiyrojeehnie eomposilions. 
of onbnary oil (braid t Kn” l^t 214. liKiOJ J,nul < lilr/nih . .Martin (It. I'at. 478)151, Ittir)) 
thiekened the oil witli lo lo p.i' hard or <<41 sujree.sts exjilo.sives made fn<rn hiLdie lead chlorate 
Hoaji. and Koniiel (Zeitscli anyew t'lu'in ItHiJ. hy inti-raetion with elyierin, sugar, dextro.se. 
[44] 1120) displa'eil part or 1 he whole of I iie Oil niaiiiiit.ui or tannin. Cryslallim' ])roduefs are 
by the free-fatty aeiils. 'Die |•'r<•n( h ‘ obtained wiiieh are u.sed eitliei alone cir mixed 

04 ' IS a nil \t ure of !H> p t‘ jiotji-sMii m < hhinite with eoinhii'^t thie nniterials 

aivl Id p e. paraffin wax, it lias iieeii ilsciT* Jiiijiionifiiii \iel<ls extrenii’ly jiower- 

for inilitarv purposes. In ()(> oi ’ mmebti' fiij expiosne mivtures, Imt on account of its 

the eombiisUhieM are a mineral oil lesubie and mstahibtw it lias iio practical \'alui‘ It de- 
paraOin wax. and in ■ Si'-hnnifi'' tiir\ iue tallow ediiiposes even at oiibnars tempiiaturi's. and 
anil nitrot-ohii'iie or dmifnihen/eiie. nuvluies lontiuning if are luible to s^iontaneous 

PyttxUiildt . introdueed Im 'rnr]iin in l.spfi. expIoMoii .Aeeordmg I o ( ielhnur (Zeilseh gf'W. 
is pn-pan’il in two forms First, Nos ii and 1 , Seliiess n, S[iiengstollw'. Ifilti. Itlt!) a thin layer 
explosives with Marne, eontuining rr‘spee1i\el\ of lhe lined .salt lost Sd p i. of its weight in st'ven 
8H and Sti pe potasMum i lilonite. .5 and (i pe weelvs. ils iiitiouen hemg ]iar!ly oxulisi'd t<» 
vogi'tahle ehareoal. lU and iN p( neiitial gas niliu acul. and Molerif decomposition took plaec 
tar, aiul 'A and 4 p e .soibnin oi animonium <li after 11 lioui-h at 4d . 4.5 minutes at 7d . or alxnit 
earbonate. Sei (ind. No.s I! and 1 11 . exjilosiv es ;{ rniiiule.s at Idd . lie also found tliat the dry 
without flame, in which uhout liaH the «liloiali sail VMks detonale'l h\ a ueiglit of 2 kilos falling 
in n'plaeeil by Hodiuin or pota-shiuin metate, the through a distame of 1.5 cm 
other iiigrvdientH being apiiniximati ly in iIk 

Abov<‘ pmporiion.s, I,(atei'. Turqun jiroposed the Perchlorate Mixtures, 

(wldition of U) ,50 p e, nitlogly I'cnu to n iidi i I'eri hloriites I'ontaiii a larger percentage of 
tlnwo explosive,s nion* sensitiw to detonalion, oxygen, and deeontposi' at higlier teinperalnreH 
and pnqukred Himtlar explosives wIth iitumontnni than tlie ehloiates .Mixtures eontauung them 
penddoratrx aie not only more poweiful, hut also imieli l<‘ss 

/Imiaminr ndrat* jxyu'tli > is an I'xplosive sen>xitiM' to ignition, jien'iission, and friction, 
coinpOHcd of Stt pc. ivniniomuni nitrate, .5 pc and consequently arc safer to stoic and use than 

podwwiuin chlorate. 10 pe nitroglucose, and the I’orrespoinlmg < hlorate mixtures. As with 

r> p.c. coal tar. chloratcK, thn electrolytic production of these 

In ItfOH a chlorate mixtnic falh'il componnds, cheaply and in a pure sfat<-, has 

.SVre/i/e. <‘onsisting of 74 p <• potassium ehlorati-. led to their Ij^gWy im reased usi* m recent 

25 p.c. Bo-called nitrated resin, and 1 }i c. ea-stur yi'ars. 

oil, wofl licensed as a .safety explosivi' Steele I'otiiM.Kimii and .'tfx/iinn. p9irhi<ii(if/ inijfiirrH, 
(Kug. l*at. 22005, llHht) has proposed a .safety Fnrmerly, ]»otassium, and oc<-a^onal]y 
exphwive containing 8.5 07 -5 p <■ pofas.sium .s(>(lium. piTchiorate was mainly used, eonihim*d 
chlorate. 2-5 1.5 p.e. liquid vaseline of sp.gr with tin* usual <<)nrt>u.stihle or explosive ingn-- 
O*88.5-0'H0. A'oA/casiV/'.vm 4.1 is a (Jerman safety (iients. but their use has now be<*n almost 
cxploHive containing 8(t p.e |K>tassinni chlorate. entir<-ly supcrsedeil by- the animoniiAi salt. 
16 p.e. rx^in. anil 4 p.e. nitrated resin ; a eon ffowever, 'I'n'neh (Kng. I’at. 8,558, 1008) pro- 
siderable pniportion of Hodium chloride is pn*st‘nt posiHl tlie addition of 5 20 part-s of potaasium 
i/i the ' safety ’ variety of thin explosive. l>endilorate to 100 parts of gunpowder to increase 

The use with (ddorate of explosive compounds the strei^th and regularity of the explosive, an<l 
like nitroglycerin and guncotton has also Isen in the same year. Harris (Kng. Pat. 28012, 1008) 
patent^!. The nitrophenols form Very Hensitive siiggwts mining expkwive.s. consisting of mixtuix* 
mixtun's wdth potaHsium chlorate, and am- of MtAssium pen-hlorato and carbon with 
monium salt* should never be usixl in ildol'ate napfffchalene and bt'iizene, and other nitro 
mixtun*H. owinj^to the ]M««ibibty^of the forma- derivative#*!!! various proportioas. iSmoU pro- 
tion of ammonium chlorate on storage. Po|a.s- ; |>ortions of paraflin oil-and castor oil are also 
sium chlorate is a constituent of nearly all added. 

detonating c^ipositions. used as initial detona- ’ M.B., or Mt)difie(l Black, Vouthr, No. 1, is a 

ting agent/for.other rxploaivcs. ! black gunpowder, used for blasting purposes, in 

Other ]K>tassium chlorate* explosives ^arc ' which part of the potassium nitrate is replaced 
mention<Hl under ‘ Sprengel Explosives.’ i by potassium pJmdilorate. The ^tasffium 

Other chlo^ifx. SoHiutn chlorate is f|pqllent^ | nitrate may lie replaced by sodium or barium 
ai^titiited for ^le.p•taA■UIn salt in the various ) nitrate. 
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ChUworth Poi/tfrM, .Vo. 4 and So. 5, contain 
mixture of potaaBtum nitrate and perchlorate as 
oxidising agents, the combustibles Doing sulphur 
and charcoal, with the a<lditioii of a little flour 
in the former or paraffin wax in the latter. 

A class of explosives called Prrmoniic.'* is 
made in Germany according to several formula-, 
but all containing roughly e(]ual parts of potas¬ 
sium porcblorati^ ana ainiiionium nitrate lui 
oxidising salts. Thd coinlnistiblu oonatitui'iits 
are trinitrololueno, flour or starch, and wood 
meal; a Httlfc mtroglyi’cnii. or nitroglycerm 
gclatinmed with uulubic nitrocellidoHj;, is soine- 
tiinos added to render the explosive more 
suscfcptiblo to detonation ; and a niihl form of 
the explosive coritaiiiH a consalcrahle ]in>porlion 
of sodium chloride. 

Some varietioirt are : Pr rmonitr J, o,- (iiyti ms 
Ptrinomt, .‘fl* p c. potassium [x-rehiorate, 40 [i.c. 
ammonium mtrat(\ 7 p e. sodium nitrate, 1.7 
p.e. t-nmt rotolueiie. 4 p.e. Jbmr, U p c wood mt-al 
and 1 ji.e. of a jelly of gelatiiu- in gl^cenne; 
PiDti-ouiti SJi on the llelgiaii {leimitteil lust. 
24-fl p.e. potiuHsium iierchlorate. 2!^ p e. am¬ 
monium nitiatc. li n.i', nitroglycerin, 7 p< tri- 
nitrotolueno., 4 ji c, Hour, II j).(' wood meal. I ji e 
of a jelly of gc-latine in glycenMe, and 2.7 ji.e. 
sodium ehloritli-; Pfrw(nii)t, as placed on tlie 
Hritish authorised list. Ill 34 [i e. potiussuim 
jicrchlorate, 3SM3 pc ammonium nitrate. 3 4 ' 
>.C. nitniglyr-erin. t) .7 I pc. soluhie mlrocellu. 
ose, 11-13 ]>.c. tnnitrotolui-ne. .7 h jt.e, ntan h, 
l'5-3‘r» ji.c. wood meal and 0 2 0 p.e. inoistiii-e, 
Permonite I. is mon- powerful, Imt also more 
sensitive to blow, Mian tlic S.G.l*. variety. 

Several explosivi-s eontaming potassium 
lerchloraN- liavi- ]iassed the hvlc-st ti-sls and liave 
loen placed on the JJnlisli list of authorised ex- 
plosives, hut as tlicwe also eoiitam a eonsideralde 
proportion of gelatinised nitroglyec-nn they have 
lioen claasitied amongst the ‘ clynamiUvs.’ 

Amiihomum fnrehioraU'. vuxturm. In IHUK 
Alviai (llev. prod. ehim. 2. [tij 83. and Kng. J^ut. 
26838. 18b8) proposed the ■ use of ammonium 
perchlorate, then made from the sodium salt 
by double dMornpoisition with ammomum 
nitrate, in explwive mixtures? claimed that 
it ineroased the e.-uiloKivc and jiropulsivi- forte 
of tlic mixture, as well as tlie ratio ol the former 
to the latter. The amniouiiim perchlorattr waa 
substituted for the oUier oxidising salts in the 
proportion of their available oxygen, and suljihur 
or a metallic sulphide w’a« added counteract 
the inscnaitiveness to ignition or dcUmation, and 
he pointed ouX that the maximum effect of the 
mixtures is preferably obtained by the. use of 
dotonatoru themBclvee containing air^onium 
I)erchlorato. Ammonium perchlorate is stable 
at ordinary temperatures, but decomposes slowly 
at 146® according to the eciuation NILCIOj 

-2H,0 + N+Cl+0 

lle«idi'« having a large jierecntage of available 
oxygen, ammonium jieroiilorate evolfes a large 
amount of gas and heat on decompfwition. It 
is endothermic, and has the advantage over the 
perchlorates of the fixed bases that it« products 
of decomposition are entirely gaseous, but owing 
to the internal combustion of iU hydrogen, it 
has wvaiiable ox 3 fgen. The decomposition 
is rapid and the velocity of the explosion wave 
is great. It bo detonated alone but only 
with groat difficulty, and a very [>owerful de- 


1 ionator is necessary to give (^mpielc dotona- 
tion. * Its limit of aonsitivenees to imtioot is 
, represented by a weight of 5 kg. falling 60 cm. 

It is iiun hygroseopio and insensitive when 
pure; but the insensitivenoss of the salt is 
greatly ibminishcd if it contains even am^ll 
quantities of ammonium chlorate. Admixture 
of ammonium rierchlorato 'explosives witli 
])ot-assium or Hooium chlorate in quantity is 
#iangorous owing to the liability to the forma¬ 
tion of unstable ammonium chlorate on storage, 
but the Akticbolagct ('arht, Stockholm, has 
suggested (Kng. Tat. 112417, IU17) the presence 
of (»<K)5 to I j).e. of a chlorate other than am- 
moiuuiq chl(#ut(^ to render ammonium per 
chlorato e,\plosiv(’s more seimitivo and increase 
Micii violeiiec. Alvisi, later (Gazz. chim. itol. 
31, 1 . 221), eontirmed exfierimentally, by testiugi 
various mixtures with combustible and expkwivo 
substam-cM, the theoretical advaniagerf of am- 
• Jiiomum poriddorate over all other oxidising Haljs, 
excc'pt ammonium chlorate; and Garbonelli 
{Ij'IikI. chim. htlO, 200) obtained LMjually favour¬ 
able results. 

i'lxpiosivi's containing ammonium fM*rchlorato 
Imv c the disadvantage of generating hydrix-hlorio 
acid, and neeivsionaily i-ldoriue in Ifio mine. This 
tlrawbaek is usually ov<*n;oine by the addition 
of potassium or soilium nitrate, imt maiiganose 
or its compounds, oxides, silicido, boride, 
rnanganatic, or permanganate, have also been 
suggested for the Hanie purjioMt-. 

Ammomum perchlorate is used in combina¬ 
tion with the various combustible and explodive 
substances inentinned under the otlier oxidising 
salt.s. 'rhese mixtim's are now established os 
powerful and safe exjilosiveM, and are largely 
used in Kngland, the I'nited Statisi and on the 
Continent. 

The ammonium perchlorate is manufactured 
from tlie ('leetrolylically proilueed sodium salt, 
either liy double deeomposition with ammonium 
chloride or sulphate, or by the combined action 
of carbonic acid gas and ammonia on the solution. 
In the former process the sodium sulphab^ can 
be deposited in an anhydrous condition and free 
from perchlorate by <-vaporation of tho mixed 
HiilutionM uiiiler reduced jircssim* at from (50" to 
Hr>"V. {Akticbolagct t'arlit, StiK-kholm, Kng. Pat. 
110.744, 1017); ,tho latter process has been 

f atonted by Given and the Atlas Powder Co. of 
hSA. (U.S. Pat. 1273477, 1918). 

Yonck (Kng. I%t. 24611, 1903) suggested a 
series of safely mining explosiyes containing 
ammonium ]K^rciiloratc, amongst which arc ; 
(1) 21-2 p.e. gmmonium perchlorate, 37'3 p.e. 
sodium nitratet and lJ-5 p.i;. naphthalene; {2) 
37 4 p.e. ammonium p(;rchlorate, 27‘17 p.e, 
sodium mtratr, 8-34 p.e. ammomum nitrate, 
and 27'09 p.e. trinitronaphthaicno; and (3) 
4H'4 |xc. ammonium perchlorate, 33'H p.e. 
calcium oxalate, and ]7‘8 p.c^trinitrotoluene. 
Webster (.Knjf. Pat, 18(522, 1909) proposed a 
iniAuni of 3.7 j>.e. ammonium iiercnioratc, 46 
p.e. sodium nitrate, 10 p.e. dinitrdlicnzene, and 
10 p.e. sawdust, or the same mixture^th 2 p.e. 
of the sawdust replaced by vaslline. Trench 
(Ei4|. Pat. 8368, 1908) proDosed to increase the 
s^ren^h and regularity of gunpo#der by the 
addition^of from 6 20«p.c. of ammonium 

perchlorate. f * • 

bomo ' chedflites,’^ oobtoining ammoniufll * 



EXPLOSIVES. 


perchluraU- aret ‘ TyiKj k,' H2 ]).<•. ammonium 
porrhlorate, Li p.c. ninitrotoluono, and *5 p.c. 
ooator oil; ftn<l ‘ Tvjk* ■'M) p.c. ammonjum 
jH^rcUloral**, .'tO p.c. Hodiimi nitrato, 15 p.c. 
dinitrotoluciif. and 5 p.c. (loetor oil. 

Anui^tti' iH an Kn^rJwh ‘ authoriHf*d ’ exploeiv^ 
ronHwtinj' (•H.H<-nt.>aJly oi ammoniuin jKirchJora^ 
and rnyraholaiih•iiMuaJJy with Home Hodiuni or 
pottuwiurn nitrat<> and u wmall (quantity of agar- 
rtgar. ^ 

/ilti-dim. iiianufacturcd by Marjial, l.Ul., 
(^»rnwall, an KngliHli ‘authorised’ cxploHivit 
that has hc(in iisod in largo qiianiilicK J»otli for , 
indusfnal and for military purpoHcw. A usual ; 
conipoHition m (KJ p.c. ainnionium i>crch!oialo, j 
22 p.c. Mcxliuni nitrato, U p.c. dinil rofnlucnc, | 
and 7 p.c. paraftin wa.x. In Homo vanclifs a i 

♦ little afummium powder or aKornuU-Iy < ljjiicojd 

is iwod. It in in the form of Hf»ft yeljou grams, | 
wiiiuh a(^ nwldy c<»mpivHHod. ' 

Fou'thr, A'o. 2 ih a inixtiin' of um-.i 
moniuni jK'rchloraU' and Kodiurn, potaHKium. ui ; 
b&num iiitraU', with charcoal uiui .sulphur a.s ; 
uomhuHtibloH. 

]*.S.K. So. 15 w u niixtiin* of amnujimim 
l>crchlorat<'> and roHin, and /ihrlUii is a nux1ui<‘ I 
of ammonium poix-hloraU’i and jiarafliii wax. 

Tho Yonrkth’A are llolgian o.xploHivos of tliiH 
clttwH. Ao. 10 f/M, on the Ilcigian authorjH('(l ; 
list, oontaino 25 p.c. ainnumnim p<’rchIorato, 
3() p.c. ammonium nitraU', 15 ji.e. Hodium 
10 j).c. trinitrotoluene, and 20 j»c 
Hodium chloride, tho limit charge being J«K) gms. ; 
No. I», a inon> violent mixtuix*. eontaniH 20 p,e. 
ammonium jiowhloraUs 27 p.o. aminoimini 
nitrat<‘, 27 p.c. H<Mltum nitraU*. O j>.e. banum 
nitrato, and 20 p.o. trinitrotoluene. 

Metals an» ii>u‘d in inixtiirrw HiiggcHOMl bv 
Bowen (Kng. Pat. 214HI, a «hell 

IKiwder. 75 p.e; ammonium liorehlorate, 12 p.e. 
aluminiuin. and ill p.e. }>araihn. ami oh iv blanting 
IKiwder. 72 p.e. ammonium perxhlorate, 11 jj.e. 
aluminium, and 17 p.e. iiitronaphthaleiie ; and 
by Palmer (Fr. Pat. ,1048;Ki, IIMW), in a mining 
jMJwder, clainitMl to be non-liygr(«e{»pic, Htable. 
powerful, and rajud. eomrtstmg of 50 p.e. 
ammonium j»erclilorat»'. U p.e. <linitrotoluene, 
31 p.e. norlium or pot<ksfliuni nitmU', 5 p.c. 
ahiiainiuni powder, and 5 n.e. paraftin wax. 

The Belf^ian e.xploeiveis a mixtun' 
of ammonium perchlorate with aluminium 
powder and paraffin wa.v, ami Himilar coinposi- 
tiono, with or without the* addition of wood 
n^, have been used for military' purjxiHw in 
this country'. Those explosives arc cheap, cany' 
to manufacture, safe to handle. |y*rmanenl , and 
taadilv eoraprcBsed ; they do n<« explode, but 
only i)um, when ignited, rwpiirt' a powerful 
detonator to detonate them, but«arc extremely 
powerful when their full power is bmught out, 
and the rate of detonation is high for* ai^ ex¬ 
plosive mixturMof tho onlor of 4(M)0 m. per soc.), 

BO that they u^ocally violent. They must not, j 
however, bo too strongly eompTCHM<.>cl in u^ or 
the rate of ^itouation, like that of tho chlorate 

* chedditet< ’ is lowered again. 

Zinc has been suggested by P^mcr 

and the Parohlonta lN>wd6r Co., Ouiada^Fr, 
Pat 4776711, 1615), in ammoniam percUor^o 
ecuoaiTas, whioh a^ atated to detonate readily 
Mn hwi m hfve groat stability. 


ammonium perulilorate, part of wliich may be 
Hul»tituted by the potassium salt, 10 p.o. zino 
powder, 5 p.c. combustible carbon oompotmds, 
such as mineral jcUy, and-3 p.c. of an asphaltio 
pitch or jietroleum residue. If the lost ingre* 
dient does not contain sulphur, this may be 
added up to 5 p.c. The ingrt'dionts are incor¬ 
porated with alcohol and licnzcnc, which are 
afterwardH dned oil. An cxjilosivc mixture of 
; similar i-oniposition lias b<'cn used for military 
juir|K)h(w in Kngland for bomb filling under tho 
name of Prnmtc. 

.JolinHon and the Pcrcliloratc Safety Kxjilosivc 
Co. fKiig. I’at. 14Kbt), 15)15, and 1480, 15)10) claim 
inixturcH of ammonium perchlorate, part of 
wiiicli may be rc]>laceil by the potassium salt, 
with 4 to 8, and Jb p.c. of rosin in different 
grades of the explosive. Other A'anctics contain 
/me or aluininiuni. and mineral oil or wax may 
al.Ho be added, 'rhe exjihmuc is' of this 

type. 

'I’ho u.sc- of silicon or n hiIk hIc, usually fiUTO- 
Hilicon. instead of a metal. }i.s Icnijicrature raiser 
HI tins ty'pi! of explosive hius been suggestiul by 
tlic .StcK'kliolm Superfosfat Fabneks Aktiebo- 
Iftu. Sweden (Kng I'at. 1758;{. 15)15). The main 
eoiubustibh' is (uther nitrated or un-nitratod 
naphthene.s (lockojl residue of o\cr 25(»--('. b.p.), 
or this together wiOi the mixture of nitroto- 
luenivi eoninierciully knovsn os ‘ lujuid tniiitroto- 
liienc,’ gelatinised b\,tlii‘ addition of a little 
iiitroeellulo.se. a little wood meal being also 
, mlded Ui merease the spi'od of iletonntion. 

, I wo formuiai gi\en are: (J) 74 ))C. ainni(Unum 
i perehloriite. <i j) e. ferro siiieoii, 18 ]>.e. roek oil 
! residne. and 2 p.e. wood meal , (2) 74 p.c. 

aHimonium perchlorate. 5 ]> e. ferrij-silicon, 10 
ji.e. gelatmiHed li<|ind trinitrotoluene, 5) p.e, 
nitrated roek oil ivsidue, and 2 j) e. wood meal. 

. Tlie ferro-silii'im is suppoMed to bind at least 
part of tluj elilonue in the residue; alumimuni 
: HilH'ide is alHo suggo<st<*d. 

Mixtuixw of niniuomum perchlorate with 
explosive compounds have also Iwen nrojiosetl ; 
for oxain]>le, explosives compounded of uni- 
, inonium iierchlorate and nitroglyeerm, with or 
witlioiit the adifllltin of collodion cotton, and a 
detonating mixture with mercuirv fulminate, 
were suggested by Alvisi (Eng. Pat. 25838, 1898); 
and Luciani suggcfita the addition of guncotton 
to ammonium pj'rohlorat^* mixtures, more 
wpei’ially with metals (Fr. Pat. 320037, IlK)2). 

OthKR OxiDlKINH AoEKTSI. * 

, The permanganatee of potaasiuin and sodium, 
j tlie diehromat<w of potassium and ammonium, 
and thosperoxides'of lead and manganese are ali 
good oxidising substanc^ee, and arc used to some 
; ext4»nt in explosive mixtures, but usually in 
■ combination with tho other snd need no 

separate mention. Potassium permanganate 
mixtures ^re frequently veiy sensitive. The 
utilisation of the expensive fore© of liquid air 
as an explosive has been described by Wood 
(Eng. Pat. 25025, 1002), and, more recently, 
liquid air and liquid oxygen have been suggret^ 
as the oxygen vehief© in explosives of the 
Sprengel type. , 

Spnogii Ei^odm. * 

Bprengel Pat. 021 and 2642. 1671 - 



for purpoMS, of a new oIosb of ezploeivce 

o<Hisigt^ of mixtures, made immedUtolv before 
use, oxtdisiiiff agent and combuetible 

sufastanoe, in themsefVei non-explosive. 

Some of these explosives aro very powerful 
when detonated by means of mercury fulminate, 
and they have the advantage of being perfectly 
safe during storage and transport; but, seeing 
that they are really manufactured when the 
mixing takes place, their use in most (;;ountrio6 
would be forbidden,* as this manufacture can 
only be authorised in a duly Ijeonsetl fs<'torv. 
Further, they are difficult for a miner to mani¬ 
pulate with o]ean]iiu«H and safety. In some 
modem UusHian Sprengel explosives, the liquid 
combustible is contained in a vushcI divided into 
separate compartinentH, so that separate por¬ 
tions of the cartridge are uniformly irnjircgnaled 
with separate port-ions of the liquid, with tlie 
result that the explosive action is riiyrc uniform. 

Spre.ngol ])ropoHcd mixtiUitti of nitric aei<l of 
about J -fi sp.gr. with nitrolio<iz,ene, naplithulonc,, 
nitronajihthalene. and picric and. and of jiorous 
eakoH of potassium ^•nl()rate with smli coni- 
bufltible liquids os t;arhon disulphide, nitro- 
l)en«*ue, |»etroleuiii, and ben/eiie, tb<> nii.\1urc*i 
lieiug niHsle in the ))roportions required {<*r 
coniplet<i comhuKt.Um. 

(.arc has l-o l)o taken liiat llie nitric ivi id does 
not get aceidental access to thr- fulminate 
detonator, or premature exuloHion will m our. 

By ailopting the Sprengel pnneipli', the u«(* of 
I'hinrato explosives may ho made reasonalily 
safe, and considorabh^ quantities liavi* been 
used in tho United States and on t h(' eont iiuuit. 
One objection to them is that, luiloss great (‘are 
is t«ken in the dijinmg, variable (juantities of 
liquid arc alisorlxMi and unoviui elTeeUi iKid 
|Vr»ssibly partial detonation only may rwult. 
Tlicy are sumutimos ])rimed with gunpowder, 
and when this is the case jirecaution is ncciwsary 
tu avoid Hrdmixturo of tho gunpowder and 
chlorate. 

Hackaroc.k, as used in the United SlaU's in 
IS&'S fur blasting the Heligate rcx’ks at the en¬ 
trance of New York Harbour, was a mixture of 
7b p.c. powdered potassium ^liloraU*, and 21 ji.e. 
nitrolKmzeno, the chlorati? oofftained in cotton 
cases being suspended in a wire cage from a 
spring balance and dipped in the liquid until 
the Aquisite weight was abHorl>ed. These 
proportions were found b> Abbot to give the 
maximum effect under water, tho intensity of 
action being 108 p.o. of that of dynamite No. 1. 

‘ Rackarock Spfrutl' contains, in addition, fron\ 
12 to 16 p.c. of picric acid. Sometimee ^ dead 
oil,’ or a mixture of this, with nitrobenzene was 

UB^. ^ 

Kackarock has also been used in other 
important engineering work, in blasting the 
headings o^the Voeboig Tunnel in Vennsylvania, 
and in works connected with tho hrst Chinese 
railways. 

Exjdonif 0) or PromitiUc is a FrcTOh Hjirengol 
explosive in which the liquid corohustibio is a 
mixtnre of ni^benxoner turpentine, and naphtha 
in various proportions, but with the nitrobenzene 
as chief oonstitoent, and the absorbent oxygen 
maaatinB is a mixture of potassium chlorate 
with a liftfe manganese dioxide. 

Wain (U.ll. nt. 1240^3, 1917) suggests a i 
SpiBogd explosive of gie oUorate type, the 


combustible liquid being a mixture of atjual 
volumes of castor and raw linseed oils, with 
eight fimes their combined volume of petr^um, 
that has been submittml to a nitrating treatment 
with nitric acid. This liquid has a BP-KT. of 
0*810, and is stated to be twioo as readily ab> 
sorbed in the olilerato as nitrobenzene. 

* Hellhofitr, introduced by Ucliholf of Berlin, 
was a mixture of dinitrobenzeae and nitric acid. 
It was tried in shells; the two substances 
gnixing iluring their flight or on impa«‘t. Suit¬ 
ably (letonateif, the mixture is a powerful ex¬ 
plosive. more so than guncotton or oitlinary 
dynamite. 

]\incUnitite. —Turpin, under this name (Kng. 
Pat. 4ri44. 1K81 ; and 1461, 1882), proposed the 
use of *li(iuid nitrogen peroxide, a mixture of 
eipial jiartx of carbon aisuiphide and nitrogen 
tetroxiile, that is, 3(\Sgd-^N0<, lieing recom¬ 
mended as giving the maximum effect. The 
advantages of mf rogcn totroxido ovi'r nitrio acid 
,are ite Inglier percentage of available oxygen, 
lower heat of formation, and absence of wafbr, 
but the disadvantages in its use are obvious. 

Oxonih, invented by I'anshon (Kng. Fat. 
242H, 18H3), was a mixture of 4(» ji c. picric acid 
and 54 ji.c. nitric acid, sp.gr. 1*5, the aciil 
bf'ing eonlainod in tho cartridge in a glass tube, 
which was bnikcii just previously to use. 

Donur is a Sjirengel explosive invented by 
I’ledler (Kng. Fat. 8101 and 23284, 1001). The 
cartridge contains a curnnresued dry powdhnid 
mixture of jiotassium chlorato and potassium 
permanganate, witli or without potassium 
diidironiate, and a vessel containing a mixture 
of turpentine with nitrobenzene or phenol; the 
dry powilcM' being satiiraUul with the fluid 
short^ before use. 

Tho JSoc. Kram^'. dcs Foudros de bAnSt6 
(Kn i’at. 351280, 1005) proposes three oom- 
Imstible mixtimw : (1) 27 p.c. orthonitrotoluene, 
0 p.c. morionitronaphthalonc, and 64 p.o. 
dinitronaphthalcnu; (2) 35 p.c. paraffin wax, 
50 p.c. orthonitrotoluene, and 15 p.o. trinitro 
toluene; (3) 23 p.c. paraffin wax, 13 p.o. 

flitrotolueno, 13 p.c. trinitrotoluene, and 51 p.o, 
iron tilingH. Thefto combuHtible mixtures are 
lirpieficd by warming to about 65°, and mixed 
with tho oxygen yielding constituents, when 
required for use. A mixture of nitratas of 
ammonium, potassium, and aniline is used with 
(1), potassium chlorato with (2) and (3). Winand 
(Eng. Pat. 26261, 1^)7) has patented a mixture, 
of tetranitromethane C(NO,) 4 , a liquid bdflifig 
at 126'', with petroleum and other oarboneoeoQi 
matter. Tetranitromethane is a stable subste^Oe 
and only feel^y explosive, but somewhat readily 
exploded by ))e-rcussion. It dissolves parafimi 
and other hydrocarbons, forming a pasty mass. 
It contains 66 p.c. of available oxygen, and is 
exothermic. 

•Liquid air and liquiil oxygen exfiaeive ^.— 
Sprengel himself called atten^n to the possi- 
bmties of liefUid oxygen, and tinted out tbat 
t^ beau ideal of a detonating explosive tt a 
mixture of 8 jiarts, 88*9 p.c., of liquid oxyg^ 
and L part, 11*1 p.o., of liquid hy<uogen. ^e 
obemical affinities of oxygen in we liquid state 
ar#stUi strong, and a mixture of Hqmd oxygan 
«rith«oombustible matter, when iiniated hy a 
snitabl^detcmatoT, f(ap» powerful explorives. 

Linde, in 18^ i&de praAicai use of 4fce 
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idea, uiid UhC<i r>jilusi\os in wliicii liquid | 
air wfiH ulw(»riH'd jn cotton wool, wtmd cliurcoal, j 
anri oilier coriibu.Htrblcw. Tlitv?*' mixtur(w were I 
found not f-o ilolonalo very rtwhly, and Hulwe- ) 
quently kicHelj.oiljr, |><-1roleiini charcoal, and ! 
cork chun oal wei’c uned oii alworhcntu, noinv ■ 
tirnoM witli I1 m‘ luldition of liipiid jictrolouni ; 
]»quid rj.xy^jen wjus alHo tried. M'Ijim improviul tlie : 
detonalion, Imt flm <!X|i1ohiv(w wen*, ffuind to Ix' 
unduly “en,->itivf‘ to blow. The jiorous cane 
I'ontaiiuiit.; tlie absorlient was dipped in a m-hhi'Ii 
of Injimi air for houm! time, and the lartnd^n* 
was lired in t.lie usual way by niean.s of an electric 
defonalot or Hickfonl fu.se. 

ThcHc e\ptosj\(‘K were jialented undei the 
name f>f and a full de,script ion yf lliein 

IS irivcn by Sn-iu-i m the /eitsch ^'c.s Si has,s u . 
Spr“n;jstt)ffwescii. ItHtn. S7. ’I’hcy wen .iscn 
an lAliaiisfuc trial by an .Vu.Htiiaii ('omnnssion 
HI an<l were Ijirircly used in bUu^-tin^ the 

Simplon 'rutim-l 'I’lieii cost is coinpiirnfi\c]\ 
luiyill, there is no <Iani;«'r in then manufaeture,-' 
and ttu'y are [lowerfiil, Imt llm praefical dilli- 
riiltifw in then uhi' art' irrcat. 'I'lie [ilaiit for 
iroditcini' the h(|iad air lias to be close to tin- 
ilastiri;; ojrer’atioiis. the Inpud bmiu; ttans- 
)»orted in ojten cans, with consequent loss, flie 
»art.nd;,:cM have to be lired within o to 15 inimites 
after jireparatton, a<-eordiii^' to tlieir size, ami 
the elfei't. varn\s with tiu' tunc of Htandiiij:. 

Schulz. (Iibickaiif, 18!»K. lUl) eAeiinient<‘(l 
with coal duHt soakcl in ]i(|iiid lur Me found 
that when t.lu' cartrid^ws Here rlipjted in iKpad 
nir of normal eomposition, eontainin^ p c 
oxygon by weight, they Here less powerful than 
ordinary (!\namitf', bul< were more povvcifiil 
than dynamtt(* if ]i(|ui(I air that had parllx 
evaporatxvd aiul contained M to tit) p.c (».\yiicn 
w»H uaed. 

Kuratruihoff (Kr. Ihit. 3771011, 1007) su^^«\#l^'d 
an uKsorlx'iit of ]K>vvd(M'cd metal, siiiieli as 
aluminium or mai;netriiim, th(‘ rapidity of e\. 
plortiun Ix'iiiji ineivaseti |»y imxmfi tlie metals 
with hydroxides of ealctiim and Hodium. The 
principle of keeping the hqiiid o.xypon detinitely 
apart from tin' combustihh' until tlu' moment of 
UHO was iidrrKluced by Nodon (Kr. Pat. •t-tcS732. 
loll). A thin brass eyluuler coutammi: the 
liquid (rxv^ea was inirodueerl into another 
doubki-walli'd hras.s e\lind»T witli non-comluct- 
material Ix'tweeii the walls, surrounded by 
klescl^uhr, saturat^-d with a lu|ui(i carbon 
compound. Hueh as ulcohok ulyis-nn, iMm/.r'iic, 
or pitch, the eylimler of liquid o.v\^m‘U Ivfiiicr 
iineturerl imnuNliatcly befon* the i'artrid^r' Hits 
hkI. The StX'. Ij’air IdijUide (I'r. PaUs. •4507r»0 
and 451205, 1012) ])n)]K>aed an nbtw>rbui>' jiopms 
cylinder ehwuKi at one end, intwlr^ of a mixtun* 
of kitvel^uhr with aluminium, or a nu'talbe 
aUicide or hydride, bound together by a little 
Hodiiiin ailicat'C. The hquivl oxyiitm beinn 
jxnin'd into the cylinder immerliatoly iH'btre tse. 
and in a later ^HxliKeation (Fr. i*at. 4512t»5, 
1912) mulwlitut^M the aluinuiiuin*by eoivl qj' a 
hydrocarl>on. 

Owing ti* Uic exeeH-sive military n'((uirementvH 
of high cAihvsivw of a jM'riuanent character 
during the last few yearn. licpAl air c.xuloidves 
have iKHui largely used for induatrial blasnng 
work on tin* Continent. No new priqcipjce ift 
their uae have Imm (uiui^iated, but the details 
hfttr been the subioot of sevoicd oatenta. Weber 


in Ciormany has auggiatcd, for example, an 
absorbent of cotton, sawdust, powdorod^cork, or 
other combustible material, capable of aroorbing 
more tlian ite own weight of liquid air, the 
cartridge licing reinforced by aluminium powder, 
or a mixture of thin with magnesium, antimony, 
silicon, etc., in a H(‘parate eouiainer. For 
obtaining disruptive effects of a lower order, 
iiK'rt material, such as iron-orc dust, is sub¬ 
stituted for jiart or all of tljc metal. 

Kxrnu.sivK Co-Mroi'NDS. 

In ('xj)IoHive cfimjioiinds tlie eombastiblos, 
carbon and hydrogen, e.\ist in inlinitidy clo.so con¬ 
tact with oxygen in the same molecule. The 
most important compoundH eoiilain nitrogen in 
loose eomluiiation with all or part of the oxygen, 
so that the clicmiial equilibrium is more oi‘ loss 
unstable. With the rcijUiHite e.\<-itmg force the 
moh'cuic undergoes nion- or less completo inUunal 
combustion, with almost instantaneous evolution 
■of higlily lioab-d gTisi'oii.s jiniducts. Explosive 
<'onipound.s ari' cVjiiscijuenlly, a.s a class, more 
suildcM and vKilcnt in tiieir action tlian the ex¬ 
plosive mixluies, and it in <’vident that lli<' 
nature of tlieii' evjilosioii I’aunot be graded, as 
in these mi\fures, by varying tlie ratio of eom- 
bustilile t<i oxygen 

The most important e.xplosive compounds 
are produced by the nitration of organic eoin- 
pounils 'riie\ may be Hubdifided cheinieally 
tnt(p two mam groups, tlie nitro denvativos and 
tlie (.1 ue nitru: esters, althoug)i tceliiiieally they 
arc all termed mtro e.vplosive.s. Mesides IhcHO 
twi> mam groujis. there arc other ilasHos of 
explosive compounds, such u.s tlu' fulminates, 
ammo, nitrtiamino, az.o denvativos, hz.kIch, etc. 

Nitko Dkkivativks. 

The mtro denvativos are, iws a class, moro 
stable and less energetic tlian the nitric esters. 
'Phey arc. unlike the nitric cwbTs, not liahJe to 
spoikaiieous decomposition if slightly impure, 
and arc stable oven m the iire-sencc of relatively 
larg<‘ quaiilituw of acid. The differeiice in thn 
cxjilosive I'hanu lofi.stms of the two classes is due 
to a lowci pcrcei^aue of oxygen, and eouscijiient 
Ic.sH complete eomoustum. and a nioi'e stable 
mlenuil Htructurc of thu moUx-ulo in the nitrti 
derivatives. 

'rhev are extremely dithcult to explode by 
simph' heating. alilKuigh llerthclot has shown 
that even lutrobeii/.cnc may be explodi'd if a 
small quantity U* dropped on to.a highly lieatoil 
.''Urface, but they can all be exploded by the use 
of a sufliciently {siwcrful detonator. .Some of 
the higher dcnvativo.s, such as Iruiitiotoiuene 
and tri^trophenol, are amongst the most 
powerful and important ‘ higli ' exjiloHivcs 
known, but tlie lower derivativt’« are not ex- 
plo.HiveH ill themsclvi* except undp% initiatory 
iinpiii.siw irn|>os8iblo in practice, and arc inoatly 
useil as (^iistituentfi of explosive mixtures. 
princi{Mklly with ammonium nitrate, {lotASHium 
1 ‘lilorate, or ammonium porehlorato, the nitro- 
hydrocarbons being usually fused before mixing 
with the oxidising ingredient. Mixtures of 
nitn) compounds arc frequently used as ex¬ 
plosives for specific purpwes. Too BensitiTances 
of trinitrotoluene may be increasccL for exwnpic, 
h by ibixiitg with picho acid, and uiat of picric 
acid reduced by mixing with dinitrophenol. 
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Another advantage obtained by using such 
iutzlur|p is that tKe mixturra melt and can be 
poured at a considerably lower tomporatum 
than the oonstituents. The euteclio mixture 
of picric acid and trinitrotoluene, containing | 
about 34 p.e. of the former, melts at 55". ■ 

Nltrohydrocarbons. { 

The hydrocarbons arc nitrated in the usual t 
manner by mixturg^ of nitric and Hulphuni* [ 
acids, tho'degree of nitration Ixung <'ontrolI(*d [ 
by the composition of the mixed ncui, its pio- j 
jKirtion relative to tlu? hydrocarbon, and the | 
temjierature of nitration. For tlie higher nitrn- j 
tions, ‘oleum ’ or NordhauHcn sulphuru' aei<i is I 
used for bringing up tin* concentration of tin* \ 
inixiul a<*i(l.s, and when the nitration taki-s jila<*c i 
in stagtv< th(> spent ai’id from tlie higher iiitra- ! 
tion stage is freiiucntjy used, after adjustment j 
of Its compo-sition for the first stage of the process. ! 
Eooiiomy of working is idlected by the use of [ 
solid sodiimi nitral<‘ instead i>f nitric a<nd in'!’ 
80 inc eases. * i 

'Die aromatic hydrocarhons used for the 
manufactun' of nitro (‘xpliisive.s are usually 
obtaimal by tho fractionation of coal-tar. hut- 
some naturally occurring petioieiiniH contain a 
considerahle jiroport-ion of bcn/.erioid liydro- 
carbons, and processivn have Ixsui jiaUnili'd in 
the Uniteii Stat<*H and in (leimany for their : 
production frorn^|)(‘trol(Mini and jiaraflm hydro- j 
oarlions by a process of ‘ crackini: ' litid fractional 
distillation. The American Aetna Exiilosives 
(/O. spent large sums in developing the U.S 
Bureau of Muies’ viipour jiliase cracking jiroci^ss, 
but the cracked nil contained only about 3 p.c 
benzene and 2^ ]).e, toluene, and the best 
Ixuizcnc and toluene obtained by fractionation 
contauiod about 10 p.c. of paraffins of the same 
boiling point. In the nitration of the toluene 
HO obtained, for examjile, the mononitrololuene 
tirst formed may ho scparaU-il from the jiaralliiis 
by Holution in aulplmne acid before further 
nitration (Klurscheim, U.S l*at. 1225321, 1017). 

The ntlrobmzeupJi are not used a.s explosives 
alone, although they «an 1 m* exploded with 
difficulty, but the mono- anebd^ derivatives are 
uaod, m combination with oxidising salts or 
with more explosive compound.s, in many 
modern explosives mostly iiHe<l for blasting 
purpo.sp«. Numerous instancies of these are 
given. Diiutrobenzone is also used to some 
extent in sonic sjjorting scmi-smokeless powders, 
and is a4ded as ^ con.stituent in some tlynamiU'S 
t-o lower tho fre«'zing-j)oirit of tho nitroglycerin 
and prevent freezing. Tn- and tetra-nitro- 
l>enzeueH, obtained by the drastic treatment of 
benzene with mixed acids, are both unite easily 
exploded than tho di- derivatives, but little use. 
has been mode of them up to the present, owing 
to the difficulty in their manufacture and the 
poor yields obtained, although trinitroberlkene 
has bwn projioeetl oh u s^listitute fo%picric acid - 
as a high oxploeivo bv*tho (JheDiischo Fabrik I 
Griceheim (Ger. Vat. *79477, 1893). Trinitro- | 
benzene is more powerful tlian trinitrotoluene, i 
According to J^autriche (Mem. V. et 8altp. ! 
19H-1912,'27) trinilrobenzene when coinpressw 
into ^ilete at pressures from 275 to 4125 kilos, 
r cm. has a density of from 1*343 to 1*062. 
hMi loose its velocity of detonation is d900 
metres per sec., and in filets at a density of 


about 1 -3 a velocity of dotonati^ju of 6,700 inotres 
per sec. 10 gnia. exploded, in a load block gave 
an expansion of 241 c.c., that of trinitrotoluene 
being 216 c.c., and of picric acid 228 c.c. 

Mono- and dinitro-LM'nzenc are active poisons, 
and care is necessary in handling bato explosives 
containiug them os iugn'dionts. 

Niirotoluenss. 

‘riie mono-, di-, and tri-nitrotoluones arc 
'all, but prinoitially tho two latter, used as 
coiiHtituentH of explonivo mixtuixw, but the 
trmitni derivative fias aluu lieoome of imjKirl- 
aiK’f* itH a high explowive for military pur^iosofi. 
'rrinitmtolut'iK* ia obtained liy tlio nitration of 
toliK'iie in htagc'H, no that it iisunnecesHary to 
iniike Hojiarato nu’iition (»f tho manufa(!ture of 
diiiitrotoluone. 

Tho iower nitrotoluonos liavo toxic nnipcrt-ios, 
and UNually oauso a very irritant uormatitis. 
altliougli hoim^ perHonM arti more or Iohn immune 
from the latter. Tho poinonous character and 
irritant jiroportioH of i-rude trinitrotoluoiio am 
probably hirgolyduo to tholowor nilro impurities, 
c.'«poojally <unilrotoluono, but fatal cases of 
poiHoning havi^ boi'ii attribiiUnl Ic* the prosonoo 
of t-otranitroim'thaiie. 

'J'nnitrololiuur in tho explosives induHtries 
of this country w uHunlly known as ‘T.N.T.,’ 
and thin was at one time the Korvico name, but 
it IN now called ‘Trotyl.’ it is aim) known in 
(liffcri'nt oouTitries under tho names ‘ tolito/ 

‘ trilit,’ ‘ trinol,’ ‘tntolo,’ and ‘ triUin.’ 

Mainifaclun .—JL is manufactured by tho 
nitration in stages of the carefully puritied 
hydrocarluiM, about 99 p.c. pure ami of about 
0-S66 sp gr. The nilnition is carried out 
usually in cither two or three stages, in cutdron 
voHHelH, NomotimoH ouamellfKl. O'he nitrating 
mils arc jaokoU'd so that the temperature may 
X* controlled by t he circulation of either cold or 
warm water, and are provided with a suitable 
stirring apparatus, siiuli os jiaddlm and baffle 
platen, and usually with a cover through which 
lass a fume pipe, the acid supply pipe, a mpo 
or tlie hydrocarbon and a thermometer. Tne 
toluene is nitrated first of all to mouonitro- 
toluene, or directly to dinitrotolucnc in the two- 
stage. method. In the first stage tho waat^acid 
from a previous tri-nitration w used altering 
broiiglit up to the requisite strength by th6 
addition oi nitric acid, this being run into the 
toluene in some faetorie>*, in others the hydro¬ 
carbon is run into the mixed acid. A suitable 
ifcoid mixture for mononitration is 170 parts of 
mixed acid, containing 2 parts of nitric acid of 
sp.gr. I -42 and,3 parts of Biilphuric acid of sp^r, 
1*84 j-KT 100 parts by weight of toluene. 'I^o 
acid fir liydrocarbon is run gradually and with 
constant agitation into the hydrocarbon or acid, 
the temfieratun; not fjcing allowed to rise above 
aholit 1)0'^. When the admixture is complete 
anfl tliere is.no tendency to*fuHher rise of 
tf;D)|K‘raturc, the reaction ut allowed to oontinue 
for about 30 minutes, the mixtu^s allowed to 
Hf^jmrate, anfl the spent acid is draw^ off. The 
crude mononitro^lueno is then converted into 
din^rotolueno by treating 100 parte of the 
former with 215 parte of mixed aci^ containing 
j^pait gf nitric acid sp.gr. 1*5 and 2 parte m 
sulphuiio acid of ep.A 1^, tile temperatore 
during their slow ^a£aixture being about 6^ 
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U> 70 liud lIuMi miMt'd gru^iuully, witti coiulant 
of tho iTiixturc, to to 1(K)° am^kept 
at tUii* t<?mj>C'raturo for .'iO minutes. Tno 
stirring is then tJio mixture allowed to 

Mottlo, and the Hjsuit acid <Jrawn off. The tri- ; 
nitration is <*ffe<'U-<l hy licat.ing 100 parts of the 
crude dinitro producl with 22r» parte of oleum, ’ 
oonbaiiung 20 p.<'. S().„ and 05 parte of nitric ■ 
iw;i<l <»f sp.gr. I -5, firHt for J hour at 05° and then I 
for hourn ul, 12u (! AfUT standing for some 
tiim*, Hu- spent acid is drawn off uiul tiio trin!-< 
trotolueSH' w«ishc<l wit.li waUT. A yiclti of scunc 
H(t to H5 p.c. (d the theoretiiJul is oi)tame<J. 

It IS advisahle t.i> curry out the nitration f)f 
the dnntro into t in; t rinitro product as a MC])arat<“ 
(»|K*ratiou, otimrwisi' a very large voliuiie of 
strong nu.Msl m-id-s at. a Inglt teinpcralurc is 
ns.juin-d, and thin leinls to a low yn-ld <»wing 
both to till' soliibililv of the j»ro(iuct in tlie 
mixed aiid, and to its jiurtial oMdstion 'I’he 
manufiM-ture t)f trnntrotoluene by i>nc eon- 
tiiiunus pr(»e«‘sH has, lio\v<’\er, Is-en conHidendiiv ' 
iiupro\eil urnl ik now frequently used Will 
(Her. JOM. 7t)7) KtaUw that tniiiLroheuzoic a<'id 
and (etranitroincthane may occur among the 
products of nitration, the latter, if jinwnt. being 
readily recognisable by i(.s powerful ninl <’ha- 
raeteristic odmir, and (’a]iisarot\ (('Ikuu. News, 
Iblo, 247) stales that thn oxirlising action of the 
iiitruliiig acids is increiwieil hy the preseneo of 
iiieUilic salts, sodium nitrate, and e«pe(iall,\ 
ammonium nitrati'. IMienolie compounds uic 
iiablo to Ik' formed by the action of lq\(ii'ogeu 
liborated by the aetiim of acid on tiie metal 
nitrating yishmoIs, and sulphoinc acids may ociuir 
if then' IS any delicmncy of mine m id in the 
niixtHl acids. 

The waste acids of the eaily iiitratioiiH 
(‘untain trinitrotoluene and ofhei intro [iroducts, 
whK'li may Isi HO|mraU'd hy dilutmn with wat^T, 
gr removed hy agitation witli solvents. Iwdoie 
the aeid is denitrated and concentrated liiMtch 
(Kng. l*at. 1.545.5. MM5) usi-s tiduenc or mono- 
nitrotoliK'iie for the I’xlraction. under smtalile 
conditions of and euiKcntration, 

the product l>eing again subrnffted t.o lh<> 
nitration iiroci-H-ses, and .lolmson (T.S. Pal. 
127157H, ItHH) submite the spent acid ((* reduced 
pressure, the lilMU'ated gas bubbles flout the 
brinitroU>luene to the suilaeo and the .sjM'iit acid 
ia drawn off from Udow. 

PuriftraiiOH .—’Vhe crude trinitrotoluene, 
which molte at alK>ut 70'’. is wiwlied frei' from 
acid by melting and nMM*at4‘d agitation tiith 
hot water, Rometirai's made alkalim* in tlie early 
wanheii with a little caustie or earlnmate of soda. 
Puritication by washing witli alka|>iB inadvisable, 
however, for Will has shown (l5er. 11U4, 711) 
that dinitrocreaylates are formcnl from the 
B and y trinit mtoluones present' as impurities 
by the aetion of alkalies, which like the iiitro- 
phenates act? sensitive salts. After dry1ng*the 
product forms •ommercial rrudr Jrinit 'r<M<Sucnr, 
and is used of this purity for most eommeipia] 
oxpkiaive imxturee and for many milit-ai^^ 
purposes. ^ rt eoQsistB ewsenUally of symmetrical 
a, or 2.4.0 trinitrotoluene, with small quantities 
oi the B or 2.11.4, and y or 2.4.n thiiitrotoli^ee 
adth some ^hnitrotoluene and possibly mono- 
utcot^uene. In additton, besides trafifsM tflb 
imparities men4ione6 ab#ve, free acid and some- 
ymea alkali, may bo present 


For some puriiosoH the crude trinitrotoluene 
is further purified either by soaking the powdOT 
in a solvent such as cold alcohol or bonrone, in 
which the impuntu* are more soluble, or by 
recrystallisation from the same solvents, or 
preferably a mixture of the two is used containing 
10 ]).c. ixuizene, or from lighff petroleum or 
toluene. Hecrystallisation from mononitrotolu- 
OIU5 hits been jiatented by Roberts and Stuart 
{Kng. l‘at. 7047, 1015), the solution of im- 
'jnintu'H being used for furfher manufacture of 
trmitrotoliKMie, but freeing thi; product from 
nionomtrotohiciie mast be difficult, and in Franco 
nsiTystalilsation from strong suljihuric acid is 
Kometimos used, with subsequent wtishing with 
water, in recrystallisation from alcohol, or 
alcohol and b(‘n/,cn(‘, the iTiide trinitrotoJueni^ 
IS dissolved in a steam-jacketed vciisel fitted 
with a conden.ser, tiic solution suckeil through 
a tiltiT clotii by tt vacuum, and the trinitrotoluene 
allowed to crystaHisf' out. A second rocrystal- 
lisatuni may lie usi'd where a ju’ocliict of the 
Ingliest degri'C df purity is r«‘quired. 'J’ho 
eiysl.als aie freed from residiml solvent, limt by 
winz/ing in a el■n1rlfugaI and then by exposing 
on trays in diying ocins heali'd by hot air, or 
Hometimc'M the product is dried niorti quickly 
111 the molten condition in Mveuum driers, and 
afterwards cost and powdered. 

S{KujU'udons ,—The following apecihcationH 
for tlie two grades of tnnitrot4iupne issueil by 
till- V H. Navy Departim'nt an* typical :— 

fbr/rb .1 h'<fun<f. —The trinitrotoluol must 
he a liigli-grade material, made from a suitable 
(piality of raw inat'enuls. Jt i^ust be tho- 
louglily pui'iln*d by iverystaliisation from an 
appioved solvent, so that the finished product 
shall have the following charaoUTisties. The 
materiul must be in the form of a slightly yellow, 
line, and uniform iTystallino jiowdcr. ’ At leowt 
!t|i f) e must pik«s through a sieve of 12 inosli to 
the linear inch. No odour of any by-product 
or cTystallising agent may bo present. It shall 
imvc a m.p. of at least 7St'. It, shall be fi’ce from 
aciditv. and sliall not' show more than traces of 
metallK' salts or rysidiiui solvents. 'J’Lc average 
moisture of a shall not be greater than 
d 1 p.e. 'Fhe average asli of a lot shall not be 
greater than 01 p.e. It shall not contain more 
than 015 p.e. material insoluble in alcohol. 
It shall contain no free toluol, or impurity 
giving a nitric acid niaction with a sulphuric 
acid solution of diphenylamme. It shall contain 
not, h^w than 18-20 p.c. nitmgen as determined 
by Dumafi’ combustion method, it shall give 
a heat t-est of at least 30 minutes at 65-6° with 
potassium iodide—starch paper. 

(•ut(^ Jt. Cindf. —The trinitrotoluene mu.st 
be a high-grade material made from a suitable 
quality of raw materials. It shall be a yellowish, 
uniform. er^'8teUine powder of such fineness that 
At l<4»st 90 p.c. will pose a sieve of 10 meshes per 
linear inc|^ It shall have a m.p. of at least 
75-5". It shall be fre6 from acioity. It shall 
show not more than traces of metallic salts. 
The condit ions as to ash, moisture, insoluble in 
alcohol, content of free toluol, and producto 
giving a reaction with diphenylaxnllbe are the 
' same as for the refined product. It shall contain 
' not loss than 18 p.c. nitrogen as detehmoed hy 
Dufhas’ combustion metiura. 

Odd objection to use of orude trotyl m 
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ft slttU ohftfge is that the lower molthog im* 
to exude as an oil during storage 
at ft high temperature, and if this exuding oil 
penetrates to wming or detonating charge 
this may be so deadened that failure to detonate 
results. * 

lA^id Irinitmioluene. The nitrated products 
recovered from the solvent used in the rocr^s- 
taUisation of crude trinitmtoluono, a thick 
brown syrup consisthig essentially of a mixture 
of j 8 and 7 trinitrotoluenos, dinitrotolucne and a 
little mononitrotoliienc in used in certain plastic 
explosive znixtunw under the name of ‘ hquid 
trinitrotoluene.' A liunid product obtained by 
the direct nitration 01 e.rudo trinitrotoluene is 
also used by this name, it is of airnilar coinposition 
except that it contains inon* a-trinitrotoluene 
and some un nitrated hyclnw arhons. 

Trinitrotoluene crystallises from 
aloohol in sulphur-yellow noodles, but when 
petroleum or tolueiu^ is usi'd the' crystals an*, 
darker and of a light bulT colwur. Its cjilour is 
darkened by exptwun* to light; when fn'slily 
sublimed in the dark it ih (pnte i-olouiIcHs. 
When pure, it m without odour and piactically 
insoluble in cold wat<*r. It meIt+< at 81-5'’. it 
is soluble to a slight extent in hot wuUt, and 
disHolveH readily in alcohol, light ^tctrolcuni, 
benzene, and other organio solvent's. It dis¬ 
solves in eoncenkraled siiljihurie acid at IK) •-KK)'', 
and separates uiudiangcd on cooling. 

Orystais of trinitrotoluene have a cicnsity of 
rn, that of the solidified mass ufU*r fusion 
being 1 * 0 . 

Trinitrotoluene, is chemically very stable, 
but undergoi>s very slight dpconiposition with 
evolution of gas at 180^ On ajiplication 
of a flame, trinitrotoluem* burns with a 
hot but very smoky flame. It ignites more 
readily than picric acid, its ignition point 
being about 250”. It cannot lie exploded by 
flame in the open and alone, and only quite 
locally by very strong percussion, but can be 
readily detonated by means of mercury fulminate. 
As much as 1000 kilos. Jiave burned away quite 
quietly in a conflagration, hud a rifle bullet 
may l>e fired through a foM mass without 
causing explosion; but disastrous explosions 
have occurred wheii'very large, quantities have 
been involved in a fire. It may bo detonated 
in the powdered or finely crj'stalline form by 
means of a No. 3 detonator containing 0*54 
gram fi^lminatd composition, but when fused, it 
requires priming either with some of the loose 
powder, or other explosive such as ‘ tetryl.’ 
its velocity of detonation depends on its density, 
or dcgroc of compression, but is about 7000 m. 
per sec. It ia quite safe to handl* and is 
stable under very varying atmospheric condi¬ 
tions. 

Trinitrotoluene is the most important of 
shell hi^b explosives. Over picric acid it has 
the distinct aavantages 4hat it docs^ot combine 
with metals, and, generally, has no acid pro¬ 
perties. When pure its dust and vapour are 
not irritating or injurious to those worl^g with 
it, and it has a considerably lower melting-point 
ftodJlB not so sensitive. It is aUghtly less powerful 
thanjiiotio acid in the ratio of about 91 : 100, 
and owing to its lower velocity of detonaUon 
hM Isas shattering effect; but this is anadvantage, 
since in the fragmentetifen of a shell the places 


; are suffioiontly lum ‘to have considerable de- 
strueflvo effect. The lower bunting effect iA 
trinitrotoluene, as compared with picric add, is 
attributed by Kast to its lower density and lower 
rate of detonation (0700 metres per second 
against 7100 metres per second). It is a less 
powerful explosive than wot guncotton, but its 
effect at a distance is greater, and it has replacied 
guncotton in roost countries as a charge for 
^tor^Hulo war-heads and for submarine mines. 
It was first iiHod in (tcrmany in 1904. 

Trmitrotuluono fulfils in a high degree the 
nniuircmcnta of a military high explosive. The 
desirable proj>ortiea are that it should be very 
powerful, out that its effects should not be too 
shattering or local, that it shoffld be safe to 
handle, transport, and store under normal con¬ 
ditions of us(', including those of a ship’s moga' 
y.ine m a lu>t climaU*, that it should bo uuemic^y 
si able under all storage conditions, that it should 
. be cajiable of ciTtain and compk'te detonation, 
both in Hinall and in large sh(*il, under suitable 
irnpulsi*. hut that it sliould bo sufliciontly 
insensitive to withstand the shock of discharge 
when lin’d m a lug sheJl at full range. 

Truiitrotriluene is doficient by tU3’9 p.c. in 
oxygen for the conipleto combustion of its 
carbon and hydrogen, and by 22 p.c. when its 
carbon is burned to monoxide, and when 
detonated even comiiletcly free carbon is 
liboratrf’d m the form 01 thick black smoke. 

According to Dautriclie (Mem. Poud. ot 
Saltp. 15)11-1912, 27) when crystals are com- 
]ir(:ssod into pellets at prosHuree varying from 
275 to 4125 kilos, pur sq. cm., trinitrotoluene 
huH a density varying from 1*320 to 1*U10, 
picric acid varying from r315 to 1'740, the 
velocity of detonation of the loose powder being 
4100 metros per sec., picric acid being 6100, 
and of iicllots at a density of 1*3 being 6200 m. 
per sec. for trinitrotoluene, and 6300 m. per 
sec. for picric acid. When 10 grams were fired 
in a standard lead block the expansion with 
tnuitrotolucno was 216 c.c., that of picric acid 
being 228 e.Q. 

shells are usually filled with trinitrotoluene, 

; as with picric acid, by melting the compound 
and allowing it to solidify in the shells. Bichel 
(Fr. Pat. 357925, 1905) propoeee to use com¬ 
pressed trinitrotoluene, which ho hod previously 
shown to have a higher velocity of detonation 
than in the. loose condition, os an explosive for 
i sheUs, mines, and torpedoes, by cementing 
together blocks of the compressed material by 
: means of the fused compound, and, in a later 
patent (Fr. Pat. 369371, 190(5), proposes to obtain 
a higher dennty than by simple casting, with 
trinitrotoluene as well as with other fusible nltro- 
' explosives, by casting in a closed vemej, first 
; placed under evacuation, to remove all air 
j DuI>blQB, and then submitting the molten mass, 
j whilst rapidly cooled by means of a water-jacket, 

I tocomprcesedairorcarbonicocfflgaa. Adensity 
! asTiigh as 1'60 has been obtained in this way. 

Nobel ((lor. Pat. 212169, I907)^haif patented 
a method of increasing the density«o{ hHiuiro- 
toluene, and other auitable nitrohydrocarbom, 
byefint cooling the shell to 9° before poaring 
m tlm liquid. Rudeloff, by compaeesion onder 
3000 aMbewfaeres, has obtmnod a mass with a 
density of P7, c4i be* cut%nd w<^ked tUce 
wet guncotton. The detonation of the deiudfi|0 • 



29* 


EXPLOSIVES. 


i»otkl k faf^ilitaWcl by UNitig some of the loose 
liicutrotoluvDe an a primer. 

« Tnnitrotoluenc is also used in considerable 
quantities for detonatois. It is employed either 
^ne, with a pnmiiig of mercury fulminate, or 
as an iugredimit in caj) and detonating eomposi- i 
tions. it is, for example, stated that in a ^ 
No. 7 detonator tbu 1*5 grams of fulminate can 
bo advantageously replaced by a mixture of 
0*7 gram of trinitrotoluene and 0*5 grai^i oC^ 
fulminate. 

Trinitrotoluene has l>ocn suggesttKl in 
various mixtures us a high explosive for shells 
and torjKsdcsw. Hichel (Fr. Pat. 301MWU, llKXi) 
makes a plastic exjilosivo called ' 
by mixing it x%.h a solid or liipiui resin, such as ' 
oopaiba balsam, or larch turpentine, wilii or : 
without the addition of flmitrotolueni- and 
collodion cotton, Rudidoff an<l Allcndorlf ((ier. ; 
Pat. 2013CKt, 1000) make ' trifAufilit.' witJi a; 
density as high as 2*5 by mixing with a jelly . 
prepared from dmitrotoluene and soluble dimtro- 
onllulose, heating slowly to about HO"', and ! 
iiicorjiorating, as an oxygen earner, a mixture 
of potassium chlorate and lead lutraU*. j 

Tnnitrfitfiliiene is a constituent of many , 
raodern ammonium nitrate safety ('xiilosivt^s, I 
in whieh it has n'plaoed the <lmitrolK*nzein‘, . 
vhieh wan more common in ourher rnixtiirx's, ! 
as it is not only more powerful hut also loss : 
toxic. 

Mixtures of ammonium nitrate with innitro- 
tohicno have Ikm'h generally and largely used as j 
a military high explosive for shells', bombs, 
gronados and ininoH. Soniutimes a little wood , 
meal and nitroglycerin an' added to ikssist. m ' 
the detonation, as in the (Jertnan ' Astralito.’ 

Amatol. Jn this country the mixtures of 
urntnonium nitrate and ‘ trotyl' an' known as ^ 
'Amatol.' The niixturos are used in various; 
proportions designatod by a fraction of which '■ 
tho fK'rt^entage of ammonium nitrato is the t 
numerator, for example. IHJ/IO. 8d/20, f)0//K), ■ 
and 40/tK). Tho projKirtions for complete eom- ' 
bastion of tho trinitrotoluene are 7H*7 p-C. i 
ammonium iiitrato and 2I-H p.e. trotyl, hu that 
' ^matol 80/20 ’ approximnUrly fullils this ' 
condition, ^omotimm tho mixtun's are milled 
oold and *atummod ' or rammed into the nx^ep- 
4i^olea, sometimes, when the proportion of tro¬ 
tyl is high, this is molted and tho plastic 
mixture is poured directly, or compressed into 
slabs and (looked, into shells. Those mixtures 
form ^wenul high cxplasivee, somewhat more 
powerful than trotyl alone, owing to the more 
complete combustion, but the shattering effoet 
is less than with trotyl alone, owing to the hiwcr 
▼elooity of detonation which is of the order of 
£000 to 6000 metres per sec., according to the 
proportions. The lower shattering effect is not 
neoessorily a drawback. Tho mixtures 
difficult to det<mato,' the difficulty increasing 
with the tiroporClon of ammonium uitrato and 
with the ae^yeo of compression, and it is ne^- 
to jmiv thorn with another explosive, 
WMA the vm of a powerful fulminate detonator is 
inadm i ssi ble. They are hygroscopic, and pro- 
fmaUotm have to be taken to protect them mro 
atmospheric •moisture, and when 
ds t e m s t e d they are p|actjpaUy smokeledR', mving 
only a oUght gfhy or wmte sdoud. Crude tn- 
•aitrotOlueDe eon be used for these mixtures, 

* • • 


especially in those containing a large proportion ' 
of ammonium nitrate, as there is no dAger of 
the impurities exuding ae an oil on stor^e at 
high temperatures. 

Other nitrohydrocarbons. Nitroxylenes. The 
mixed tri-, di- and mono- nitfobydrocarbons 
obtained by the nitration of the fraction of coal- 
tar distillate containing tho three isomeric 
xylencxi arc used in some cxplosivce, ' Mona- 
chit ’ is an ammonium nitr^ explosive contain¬ 
ing nitroxylent^s, essentially the trinitro product. 
'I’ho nitrohydroi-arbons, largely di- and trinitro 
derivatives of mesityleno and pscudocumene, 
obtained by nitrating solvent na]ditha, have 
been proposed by Shulz and (Jehre (Eng. Pat. 
5()87, llK)r>, and lh5(»5, 1007) for use in explosive 
nnxtuix'H of tlic usual tyiK‘, known as ‘ Vigorite * 
and ‘ JiamrUf'.' 

Tlie nitrpnaplithalenoH, usually dmitronaph- 
thalene, are occasionally used, principally a«8O0i- 
.ate.tl with animoniiim mtrate in safety explosive 
mixlurt's. IMonomtronaphthalene occurs in the 
‘ I'heddiU's,’ di- and tn- nitrOnaphthalenee in the 
‘ (insourut ’ and ' Ammonite*' class of explosives. 

The mtrohydroearbons of the fatty Berics 
have HO far met with only a limited use. The 
,S«K‘. anonyme irE.xiiloHifs et do J^rod. (Ihim. 
(Fr. Pat. '3114002, 1007) claim tho use in par¬ 
ticular of inonomtromothane, a liquid boning 
at about. OlP-lOO", in smokeUxiH powders with 
nitfoeeiluloMC, or nitrocellulose and nitroglycerin, 
aiul the UH(* <if tetranitroniethane by V('inand 
lias already lieen mentioned under ‘ Sprengel 
Ex()loHiveH,‘ 

Kitrophenols. 

Tlie potassium salt of monouitrophonul can 
be (lotuiiuted by percussion, and it has lieen 
proposed in America (L).S. Pat. 702710, 1005, 
aiKi 04058th 1900) to use dinitrophcnol mixed 
with piiTie acid, to lower the melting-point of 
the latter, and as an ingredient in explosive 
mixtimw, but the only nitro derivative of 
ortlinary phenol used to any extent is picric acid, 
symmeirieal triuitrophenol, which is largely 
us(*d by itself as - a high explosive^ and to a 
. limited extent irueaplosivc mixtures, usually of 
. the detonating clauH. 

])ii\itro]ihcn<)l is used ocoosionally in mixturee 
of nitro Ixidies used as explosives, but is usually 
an intermediate nroduet in the manufacture of 
()icric acid from wrtzene. The benzene is first 
chlorinated, the chlorbenzene nitrated, and the 
resulting dmitrochlorbenzcnc heated witlf caustic 
alkali. The ^initrophenate is finally decomposed 
with hydrochloric acid, and the dinitropnenol 
waslied and purified as usual. When pure it is 
a veUow%rv8taUinc substance, melting at 1IS*!'^, 
Ellis and Wells (U.S. Pat. 1220078, 1917) nitrate 
the chlorbenzene by ^.eating with sodium nitrate 
and sulphuric acid. * 

flerio leid. Manufacture .—Direct nitration 
of phenol with strong ^tric acid givee picric 
aoicl, but the action is very violent, and there is 
considerable loss by oxidation, and it is prefer¬ 
able, therefore, to sulphonate the phenol Mfore 
nitr^ion. The reactioas are : 

(1) 0,H,OH+HaSO4=C.H*(SO,H)OH+H,O 

(2) CaM4(SO,H)OH+3HNO, • ' 

. -C.H,(N0»),0H+H4S04+2H,0 

In the old method <A manufacture of piGtio 
acid, udkioh k ftill largely used, veiy umpto 






ijya mtM k OMd, Uttk of no core k token in 
tempemtnre oontrd of the prooees, oon- 
■idml% waste of ouipliuho and nitric acids 
oooQTB, uouds of nitious fumes from the nitrating 
pots being aliowed to disperse over the surround* 
ing country. A pure quality of phenol is taken, 
obtained eitbei^Dy careful fractionation of the 
ooal'tar product or the synthetic material, and 
melted in its drums in a steam-heated chamber. 
The hot molten phenol is poured into about five 
times its weight of concentrated ON p.c. sulphuric 
acid, from which the load sulphate has bcM^n 
allowed to settle, contained in iron or onainellod- 
iron vessels, frequently ordinary household 
baths, arranged round a shed. The mixture is 
stirred occasionally with wooden or iron paddles 
for about two days, until the product is in the 
form of a solid white paste, without phenolic 
odour and completely soluble in water. A 
charge of the sulphonate and exotiHS of sul¬ 
phuric acid, suftieient to require a whole carboy 
of strong nitric acid (or its iiitration, is weighed 
out into the nitration pot, a little waUT in added 
and the mixture stirr^ occasionally during the 
day. The earthenware nitration jiots, arranged 
in rowa^down a long sb<>d ojien at tlio sides, are 
embedded in a non-conductmg mass of aslies or 
similar material. A carboy of nitnc acid la 
placed at the side of, and above the level of, the 
nitrating not, and a narrow glaaa aiplion arranged 
BO that tne nitric acid passtw in a thin strt'am 
into the midst of the mixture during the night. 
The mixture is not stirred and the .pots are un- i 
attended during this time. The mixture sets I 
Rolid, but is stirred ouctuMonally during the next j 
day to complete the nitration,' after the orange ! 
to rod coloured crusts of • low melting-point; 
material liave been removed, for sale as soepnd- 
grade material after washing. The preliminary 
washing of the product is carried out in wooden 
boxes, with inclined bottoms perforated at tiio 
lower end, by pouring a few hucket^ of water 
over it. For the final washing tlie contents of 
several boxes ore emptied into baths similar 
to those used in the sulphonation stage, water is 
run in from a tap and the contents of the bath 
stirred by hand with wooden paddles, the wash 
water, like that from the pKliminary washing, 
being run away down a drain or gully to a smal) 
pond, by OMning the plug of the bath. Three 
or four suc^ washings are found to efficiently 
remove the mineral acidity. The completion of 
a batch of picric acid by this process takes about 
a week. 

In nfbre modem practice, the sulphonation 
is carried out in large iron lead-lined tanks or 
' kettles,’ fitted wdth a steam jacket and paddle 
agitaton. As the mixture is kept hot and 
^tated a smaller proportion of eujpbifiic acid 
is required, 3^ to 4 parts being used. The 
nitration is sometimes carried out in earthen¬ 
ware pots, as alAre, but fitted with coTem and 
fume pipes leading to a stack; but the iflost 
modem method k to h%Te the niti^tion pots 
of enamalled iron and jacketed, and nitration 
k tempwature controlled by the circulation of 
hot or cold water. The temperature of the hot 
sulphonate k flowed to iall to about 20**, and 
whilst rapidly agitated, the nitrio acid k giadu- 
any run ii^ tike quantity used bdiiv about four- 
think •that tkeovetioaUy reqaue<C The ^m- 
peratore k allowed to rwe gra^ially during tike 


addttlMi to the nitric aoid of aberai 70^-80^1 and 
the nitration ecunpleted fartlwr agitattoik 
for about 2 hours. The nitrous fumss evot^ 
are condensed and reconverted into nitric «okL 
The product is run off into wooden or enametted 
voss^, diluted with about an equal volume of 
water, and allowed to cool. The oiystab of 
picrio.actd are filtered off, often with use of a 
vacuum, and washed by a spray of water in a 
oontrifuge, until practically nee from sulphuric 
^id. The crystals, owing' to the agitation, are 
small and free from aggregations, me pore end 
I readily washed. 

j A further quantity of picric acid k obtained 
j in the eariv part of the concentration of the 
spent sulphuric aoid. The final washing is 
! Hometiitu'H done with alcohol tlik gives a 
I purer product as the alcohol dissolves resinous 
t impurities, and also fatdlitates the dr 3 ring of the 
[ picric acid, the alcohol being recove^. 

I l.argo quantities of picrio acid are now 
I produced, ospc^oially on the Continent, by the 
: direct action of sulpfaurio acid and B<^nm 
I nitrate on phenol; the difficulty in freeing the 
! picric aoi<l from sodium sulphate k one objection 
j to this process, 

j Jurying, griTuling and sifting. The prelim- 
ina^ drying of the picric aoid, sometimes filled 
j into large canvas bogs, k effected in the centri- 
; fugals. For the final drying, the piorie aoid k 
HT)rea<l out, in stoves or sho^, on broad gUfts 
shelves, the glass bedng strengthened by wire- 
netting insertion. In some stoves the shelves 
are of enamelled iron or of aluminium, but wet 
meric a(?id has a slight action on aluminium. 
The stoves are heated by steam pipes below the 
shelves, and the acid k turned over occasionally 
with wooden rakes until dry. The dry acid Ui 
fod by means of a hopper through a sieve 
worl^cd mechanically into a closea chamW, 
from which the material k packed. Lumps 
aggregations of crystals left on the sieve are 
ground in an edge-runner mill and re-sieved. 
The drying and grinding of picrio aoid an 
dangerous operations, and whenever pomible are 
not porformod in the picric acid works, the 
product as it leaves the centrifugals being 
transported in the damp condition to the ex- 
I plosivea factory. With this precaution and can 
to avoid contact between the damp picrio arid 
and metals, except aluminium ana tin, tim ■* 
manufacture of picrio acid k practically free 
from danger. 

To obtain more perfect purification from the 
last traces of mineral acids, picrio arid nffly he 
converted into its sodium salt by dlasolviiu in 
hot solution of sodium carbonate. On ooriiuw, 
almost chemiekly pure sodium piente oryatiS- 
lisos out; this is centrifugate^ washed with 
cold water, dissolved again in hot water, and ": 
the acid precipitated by adding an excess of 
hyd^l^loric acid. Thk k finally purified hf 
washing and centrifugation, and the last tiaeea 
of acid are volatilised on dryim.^ 

fihitensohn (Eng. Pat. 16^8, 1900) furopoiet 
to add the phenol, dksolv^ inepandlra or 
similar oil, directly to the.nitrio ai^ Qov t—<| 
with a layer of ti^same oil, in order to modimid 
the flitratiem reaction without ndphaoatioa. 

A W^hdffer (Oer. Fat. 126969,1999)sng|Mrik 
aimffwr m the primay^ i^tenal inrieM 
i phenol, os bemg 1^ kbjeet rat Mo m Ik' 
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markot priw". It is conyerUHl, through sulph- 
aniiio octd^ int#> diazokmzcnc sulphonic acid, 
which roadtiy yields picric acid on nitration, a 
yieid of 90 p.c. of the theoretical being claimed. 

Hepp (Anna)on. 1882, 344) suggeetod the 
preparation of picric acid from l)cnzcne by Grst 
converting this into trinitroUmcne, and then 
oxidising the product with a mild oxidicing 
agent tut un alkaline solution of potaesiuni 
femeyanide. lie claimed a good yield, and 
BUPcswHfuI commercial manufacturer based og 
thin HUg^eation in said to have taken nlaee, but 
the dimculty m the trinitration of benzene 
would HceiD to throw d»)ubt on t his. 

Pro-MrluM. —l*icrio a<*id cryHiallisw in bright 
pale-yellow plaU-e or }»riHm«. Wlien recently 
nubiimed in tlu* dark it in quite culourfcKK, and 
the oolourlesK tautomcride is also the Htable 
form in contact with strong acids. It in spar¬ 
ingly soluble in cold, Imt more soluble m hot 
water. It has an ex(r<'edingly bitt<T taste, and 
its tost*'' an<l colour are iinj»art(‘d to very dilute 
aqueous solutions. It is readily soluble in 
alcohol, acetone, other, and Ix-nzcno. It melts 
at I21*b'’ tf> a yellow liquid, and by careful 
heating may IxiKublimed with(»ut decomposition, 
the vapours being very bitter and irritating. 
Picrii- acid ignites at about iSuddonly 

hoatod, it dollagratos sharply, with u briglit<-n‘d 
Hootv llanu*. and Borthclot has shown that a 
small quantity dropped on a n'd-hol surface 
deooiujiosoH with explosive vi<»lenee. 

Large n)asHi.w of picric ac<id cun be lieat.ed in 
a confined space without explosion, but Bertboiot 
Im of the ojiinion that the explosion of a small 
•quantity by a heated surfacr* may. under eertain 
oonditions, (tauso <letonation of a large mass of 

{ liorio acid. Some big explosions following 
Ires at picric acid works are to lie explained in 
this way. • 

It is difTicult to explode picric acid by direct 
percussion, but it can Im readily detonated by 
mercury fulminate ; l-.'j grams of fulminate act 
well for the dry powder; even wet jiieric acid, 
containing as much as 15 ]>.e. of water, can l>c 
so detonated if a priming of the- <lry aeid is used. ; 

The heat of uirmation of pierio and ia 49*1 ' 
oals., and the heat of total combustion in oxygen 
cals. (Borthelot). 

Picric acid does not contain sufficient oxviren 


that in this class of explosive ths maxirnttm 
effect does not coincide with complete combus¬ 
tion, but oceprs where the carbon is^bnmt to 
carbonic oxide, the greater gas evolution more 
than counterbalancing the smaller heat of com¬ 
bustion. Turpin’s first ‘ Melinite,' adopted in 
France ns a hig|i explosive for shells, was picric 
acid made into a colloidal s^ate and densiffed 
by the addition of a solution of 3-C p.c. collodion 
cotton in alcohol and other, but very soon this 
was abandoned in favour of the fused picric 
acid alone, as Tun)in showed this to be still 
more powerful, and so insensitive that it could 
I only ^ detonated under strong confinement. 

I Picric acid was adopted for use as a hmh ex- 
j plosive in (Germany in 1888. The English 
‘ Lyddite ’ is simply fused picric acid, molted in 
large cans of copper tinned, of aluminium, or 
e,natnolled iron, in a carefully regulated hot-air 
stove, at 130''-140”, and filled directly into 
tlie shells, a central cavity being left for the 
exploder. Picric acid has been used for similar 
purposes, also for mines and torjiodoes, by most 
f)Mu>r countries nnd<;r various names, such as 
‘ KcTasito,’ ‘ Shimoso,’ ‘ Pertite,’ ‘ Picrinit,’ &c. ; 
in some coses additions of other substanoee, 

; such as nitronaphthalone, di- and trinitroto- 
: lueno, trinjtrocresol, being made in order to 
I reduce the inelting-jioint. As the melting-point 
i of jiic'i'ic acid is so high, and its sonslbflity to 
])crcuHHion in<Teascs with the t(*mperature, ifs 
fusion on the large scale is to some extent 
; dangerous. CJirard (Kng. Pat. 0046, 1006) gives 
a long list of the melting-points of cquimolecular 
mixtures of nicrio acid with other nitro doriva- 
; tives ; in all costis the melting-point of the 
mixture is well below that of the constituent of 
loMier melting-point. 

The cost picric acid, when unconfined, is 
much more difficult of detonation by mercury 
fulminate than the loose acid; 3 grams of 
fulmjnato fired in the mass will not explode it. 

It may be detonated by using a priming of the 
loose acid or of gun^tton, but much more 
perfectly by a primer of ‘ picric powder,’ or 
trinitrotoluene. 

On the assumption that the explcwion of 
‘ lyddite ’ is rojft'olSont.ed by the equation : 
2(',Hj(N0j)30H=3C02+8C0+C-f-3H]) + 8N, " 


complete combustion, and it is 3-49 p.c. defi. 
-limnt for the formation of carbon monoxide, and 
4JS‘41 p.c. deficient for the formation of carbon di- 
ozid% Nevertheless, when efficiently detonated, 
it is one of the most powerful exploeivee known, 


aoUdifioaiion. Complete deton&tion is aceom- 
paaied by a black smoke. The density after 
casting is 1 *8-1 *7, and it can be obtained with a 
still higher density by Bichel’s method of cast¬ 
ing under pressure. • • 

Picric acidpwss fint a«|g^ted for use as a 
seml-explosiveingredient in propellant explosives, 
^re^i (Chem. Boo. Trans. 1873, 803)* was 
mat ^ call attention to the explosive 
poasibWtfts of pkrio acid in Haelf, bot it was 
not lull 1888 that Turpin maffe a practical high 
«ppftdrive gf it. by saggestmg the use <^com- 
.|^nMed or^molttn |dcrlo acm as a chqfgeAv 


de la Roque (Rev. de Chim. Industrielle, 11, 6) 
i has calculated the following constants 

Heat evolved at constant 
pressure per kgm. . . 853*4 kgm.-cals. 

Heat evolved at constant 

volume per kgm. . . 876*0 „ „ 

‘ Potential ’ [i.e. maximum 

1 worla by unit weight. 


tlifiHi The ^ahi% ofap&oric acid ft a high! 

Iks m the fact, aV Turpin pointed out,' 


worig by unit weight, 
assuming complete gasinca- 
tion and adiabatic ex- 


ptu^ion) . 273^280 kgm.-metros 

Voiume of gas from I kgm. 683,453 c,c,atN.P.T, 
Tempera^re of explosion . 2832^^ 

Pressure aevelopeci the ex¬ 
plosion of 1 gram in unit 
Toluma . « 8080 kgmsl per sq. om. 

Actual analysis has shown that, when explnnon 
takes place, the dec<»npoeitkm k moee conmli- < 
eated than thk, the ttfodnete bchac: 
monoxide, carbon dioxide, nitrogen, ttM oxkle, 
water, hydrocyanic acid, and roridnal cmW. 



'':/-ViaAo tdd bi sale to muKitioturo and 
caara^ 7li» advatitafilM of oaat picho add 
» a lA ex^otiva' are many, ite phyiuoal and 
ihwnioai itaSiU^ are veiy it can be 

Mpt foe an inoeiinite penod under vanning 
kUnoepbeiio oonditioDB ; it in difficult to ignite, 
ad it » very ioBeositivc t# porciiesion; is 
Ignite safe from*the danger of being fired by 
ae shook of th^ discharge of guns of large 
lalibre, yet when |>erfectiy detonated it is 
txtremdy ^verful m its bursting effects. On 
•he other hand, there are such disadvantages as 
is high melting-point, the objectionable nature 
)f its vapours, which not only dye the hair, 
ikin, and clothing of those worlang with it, but 
are dso extremely irritating, if not harmful. It’ 
is difficult to detonate completely, and incomplete 
detonation yields very deleterious gaaw. The 
most serious objection of all, however, is its 
aoidio character, which leads to the formation, 
in contact with nietals and some wf iiieir com¬ 
pounds, of picratOB, many of which ant highly 
sensitive, the picrates oi lead particularly so. 
Rorioiis accidents have n-sultcd in the use of 
picric aoid,>which have been atfribut-ed to tlie 
lormation of these compounds, and for this 
reason the iiiteriorR of the shells are varnwlK'd, 
and lead compounds are carefully guarded against 
in the lutings used on the screw threads oif the 
shell plun, and in all paints and vanuHlios 
connectea with picric atud shells. 'J'nnitrotij- 
luene is free from must of these objectionable 


«ibh I 

M A primer, cettriog tbo < 
ptefio acid jpreeent. In cKMOanetldil ndtik tUl 
endo^ion, i^riog showed Hint veiy 
mixturm of picrio acid wi^ litiuutge, led lend, 
lead nitrate, strontium nitrate, Umi^ Ao., 
detonated violently, and wm suf fiotowt to 
prime a largo mass of plcrjo acid. MiztVMb Of 
picrio acid with certain peroxides will filo 
spontaneously. 

^ Explogtvf mirturea r<mfatnin^ picric oeid and 
picratfji. Many yoani before picric acid was 
used as a fiign explosive, attempts woe 
tn^le to use it> and the picrates in sxfdosive 
mixtures. It was re('c^:niHed that picrio acid Is 
! (leHcient in oxygen, and, consequently, picrio 
acid and the picrates were proposed to be used 
mixed with various oxidising agents. However, 
tho insensibility of picric acid is'largely due to 
its deficiency in oxygon, and for this reason the 
mixtures with oxidising agents are all much more 
‘sensitive to heat, percussion, and friction than 
the acid iUelf. Mixtures containing pioric add, 
with either nitrates, chlorates, chromates, or 
permanganates, are extremely unstable, and 
liable to undergo spontaneous owing 

to the slow difiplacement of the highly oxidbling 
acids by the ph-rio acid, in the presence of even 
traces of moisture, and many serious aoddeots 
have been caused by such mixtures. Attempts 
have been made to increase the ataUUiy of 
picric acid mixtures by coating the parades of 


features, and it has oonsoquontly more or less i tho acid with an iiilsonsitive and protective ftlm 


replaced picric acid in its many uses, 

Emmensite (Eng. Fat. 370, 1888), the inven¬ 
tion of Emmens of the United States, is produced 
as crystals, said to be different from picric acid, 
by the action of fuming nitric acid of sp.gr.* 1*62 
on picric acid. The explosive was favourably 
reported upon by the U.S. War Dept., and Is 
said to bo satisfactory, both as a pro^llant and 
as a high explosive. 

PleitUes. The piera^, formed by tho action 
of the acid on the metals, their oxides, hy¬ 
droxides, or carbonates, are woll-deffned, crystal¬ 
line compounds, which are quite stable under 
ordinary conditions, but are all more 

sensitive to heat, friction, and percussion than 
the acid itgolf, particularly when free from water 
of crystallisation. This is true, to some extent, 
even of the alkaline salts, whilst the picrates, 
normal and basic, of some ef the heavy metals, 
especially lead, are extremely sensitive and 
violent.* Anhydrous ferrous picrate is very 
sensitive. The order of sensitiveness to per¬ 
cussion of some of tho picratee most likely to 
occur is: lead, iron, cobalt, nickel, barium, 
copper, manganese, zinc, calcium, and*sodium. 
They ^tonate with violence, and their detona* 
tion is sufficient to prime an indefinite amount 
of picrio acid, Ad even wet picrio odd be 
involved. Ammonium picrate is the most 
inseDsitivu. It has beep^ropoeedas^ substitute 
for picric acid for use m' shrila, os it has no 
temmnoy to form dangerous picrates. The 
tempen^kures ol <n picrates are given by 

SilbeiTad oBd Pfa^ps (Cfae^ Soc. Trans. 

474), and Hiear relative semitiveness by Kost 
( ZaHweh . Jt- d. Qea. Sebeiss- a. Streosgstoffw. 
1911,.- 7, Ao.), A vary serious ezr^emon of 
piano Mid» near M a nnhert a r , in 1887, was 
oaased by aaeffted add on to 


for instance, Roth (Eng. Pat. 173500, 1886) 
proposed a mixture of picric acid and ammonium 
nitrate with a fatty drying oil, and Turpin 
patented various mixtures of picric add uiUi 
gum, oils, fats, collodion jelly* Ac.; but the 
picrates arc far preferable to the ffM add in, 
explosive mixtures. 

Tho picrates of ammonium, potasdum, or 
sodium arc those most frequently used in eatplo* 
aive mixtures. In 1869 DesignoIIe made mix¬ 
tures of potassium picrate and charcoal with 
nitre, in proportions varying accoTtbng to tbeir 
use, for small-arm and euinon powdeia, and 
mixtures of potassium picrate and nitre lor 
filling torpedoes and shells. These mixitans 
were made in much the same way as ordinaiy 
gunpowder; they gave very good resultB, and 
were in use for some time in the Aenoh 
60 grams of the propellant powders were ttul 
to giv» the same result as 350 grams of mcdlnary 
gunpowder, and the intensity of aetkm of Hw 
disruptive powder was nearly 70 p.c. of that d 
dynamite No. 1. In Ibe same year, Bnigtee 
and Abel, independently, recommended mixtaiss 
of ammonium picrate and nitre. BrugAfa’s 
powder was composed of 64 p.c. of ammonimBi 
picrate and 46 p.c. of nitre. It was i ns ei U i i ri v e 
to friction or shock, slow burning, neaij^emolie- 
leesf iif small anii| quite as poiqwifn' 

r wder, and, non-erosive, dnel's 
parts of nitre Mid 2 parts of 
pienrie, was at first proposed f<» asei&a 
afterwards ademted ffl tlw Sarriee, wwwfw 
of Jhieric potaden at an eiqilodnr pritdtpg 
lyddite sbeSB. It is very ffeaiH mv «aly 
" wHb slkAt deflagratten on wt 
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I>ailfftK4lc'A mixturai, but a mixture of 57^#^. 
of lutro and 4> p.o. Bm'monium picrate. 
mixed, ww 8ub»equontly adopted, it is Waier 
and aafpr to make in t}»w way, and the product 
ia also morti atable, for the weitine in the old 
method of manufacture cauned the lormation of 
a little hygrr^scopie ammonium nitrate by double 
decoropowition, ItA thoorctioal deoomjMJHition ia : 
5C,H,(N(>^)30NH4f 1«KN(>3 

^22(X)3-|-lHNa + ir>H,0 f 8K/'Oa 

Ammonium pi(Tate, and more rarely, j)otae-* 
aiurn j)i(!raUs mixed with the uitraten (if* barium, 
]>otaHKium, and ammonium, and other ingrcr- 
diontM eoml)U8tible and exploHive, have l>een the, 
Bubjoet of innumerable j^aUmU for Ho-culled 
BmokeleiHH and Hah'ty jjowdern, UHUfilly in 
Amoriea, Aimtria, or Kranee. Dotonatin^ mix- 
turoM containing jiiuraUM and eliloratc' of potash 
have Uien propoHcd, and pierato of lead haw 
been Bugnentecl for the Name juirpose. 'I’Ik^ 
picrate mixturee gem'rally, however, are Hhunnetl 
in thin country, owing to their eheini<‘al insta¬ 
bility and the oxtnuno danger in their Hlurago 
and line. 

TrinitrodHUiol, th(‘ ni<‘tliyl o-kUt ()f pierii^ 
acid, CgHjOCJHjfNO,),, haa oeen uwed to some ; 
vlight extent aw a high exploHivt' in homlw by | 
the Oermanft. ft» manufacture w not cawy, iw ' 
the nitrating acida tend to attai'k tlie wide eliain. 
A method of ])ro]jaration Htated to give a 85 
yield in d(«criix<il by llroadlHUit and Sparre 
(8th Int. t'ong. Apj). Cluun. lt)12). !)() jmrtH 
of anuol aro addml drop by drop to a mixture 
of 130 partB of nitric arid of Hp.gr. 1-52, and 
220 partfl of aulphuric acid of np.gr. 1-84. cooled 
to —5 °(a, tho temporatur<> iK'iiig kept below 
0^ during the addition. The temperature is 
then allowed to riao slowly to 05‘'--70‘’(l., and 
kept at this tem]>oraturo for 20 nnnuteH. Tlie 
aoida and mixture are kept eonstantly agitated 
daring the addition and nitration. AflXT cooling, 
the crystals of trinitroaniKol are HejiaraUnl and 
waHheo, first with a 2 p.o. solution of Hodium 
carbonate, and itnally with water. Tho product 
waa in tho form of lemon-yellow crystals, 
melting at (V4®-65®. *lt in nearly insoluble in 
water, but readily Holublo in alcohol, etlier, and 
acetone ; ap-gr. 1-408 at 20^(\ It has tho Kamo, 
percentage composition as trinitroorcsol. and 
> eimllar explosive properties, that is, it is less 
powerful and less easily detonated than picric 
add« but it has an advant>sgo over the latter in 
that it does not form sensitive metallic salts. 
It is, however, slowly hydrolyaed in Uie presence 
of water to piorio acid, and more rapidly in tho 
pre se nce of alkali. 

Trinitroertsol ia manufactured from meta- 
creaol similarly to i^crio acid, and has very 
similar chemical and physical properties. It 
melts at about 107^ it is ooimo and forms 
explosive salts. It has explosive proposes 
sUttUar to picric add, and has been used; w*ben 
oast, as a high ettplosivo for sheUs and torpedoes, 
alone and mixed with picric acid. It contains 
Imb oxygen piorio acid, is lees powerful, 
Mkd ksB r^^y ctotonated. It requires priming, 
uhI guncotton is generallv use(|^for Uiis purpose. 
In franoe it is known as ^ CrtauUe.* In Austria 
the name * J{;ra#<ls' has been nom time to tii^ 
enpUed to ei^lodvea of different «eof&po& 
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always containing trinitrocresol or its am* 
roonium salt. Trinitrocresol has been tised 
alone or mixed with picric acid, and #ie am¬ 
monium salt has been used alono or mixed’ with 
nitre. The ammonium salt is a yellow crjmtal- 
lino solid, melting at about 100°. It burns 
without explcjHicm unless strongly confined, and 
is insensitive to iriction and percussion. It is 
stemmed into shells with a wooden rod, or 
compre-HHcd into slabs. A guncotton primer is 
generally used to ensure Complete detonation, 
but it can be exploded with a 2-gram fulminate 
detonator. A rnixtuit^ of trimtrocrcsol and 
picric acid in molecular proportions, melted 
together and mixed w-ith an oxidirting salt, has 
Ihu'ii jiroposed by Girard (U.S. Pat. 895254, 
1908). Tlie tnnitrocroHylatcs arc more sensitive 
to friction and percuHsion than the parent body, 
and generally have properties similar to those 
of f h(* cone.S|>onding jiierates, the load salt and 
those of the lu-avy metals being the most sensi- 
" tive. 

The hirjhor 'tutroplK'noU are all more or less 
i explosive and yielcl explosive salts, but they 
I liav(‘, as yet, mot with no practical use, 

NiTWc Emtkils. 

i On nitration, tho organic alcohols 'and 
carlxiliydrates yield true nitric esters, or organic 
iiitrat(“H, which arc explosive compounds. Tho 
internal structures and cxjilosivc characteristics 
i of the nitric estei-s arc different from those of 
the nitro derivativtss, but, unfortunately, this 
' differeneo has not U'en recognised in tlic technical 
I noTiK'iiclatiiro. The products of nitration of all 
I organic substances, tnat arc explosive's, aro all 
' tcehniealiy known as nitro cxplosivos. 

; With rt'ducing agents, tho explosive com- 
; pounds of this class yield more or less the 
1 primary Hiibstaneo of the nitration, and not 
I amino compounds, as do the nitro derivatives, 
i and by tli<^ prolonged action of caustic alkalis 
I they give the primary sulistaiicc and an alkaline 
' nitrate, together with other products of second* 

I an,' reactions. A simple test servos to distin- 
: giiish the two classes of nitro compounds. 

I When shaken wit^ sulphuric acid, in a Lunge 
nitrornetor, the mtric esters yield their nitrogen 
os nitric, oxide ; tho true nitro derivatives do 
; not do so, 

I Tho nitric esters, generally speaking, are 
j more powerful explosives than the nitro 
I derivatives, but are less stable, more especially 
' ill tho prosenoc of foreign substances, ,8uch as 
' residual traces of the nitration acids, 
i 

; * Alcohol Nitrates. 

I Tho c yitroglycoU have been repeatedly 
I suggested as explosives, usually for admixture 
with nitroglv<^‘crin. Matthews, Strange, and 
Bliss (Eng. Pat. 12770, 1912) suggerted t^ 
nitr^ion of glycols having the hydroxyl groups 
at tached k> adjacent ^carbon atoms, or tto 
corresponding oxides, and the preparation of 
explosives by admixture of the product with 
equal weights of nitroglycerin or nitrocellulose, 
and Hou^ (U.a Pat. 1206223, 1916} claims, 
as a method of preparation of glyc<d dinitrate, 
the nitration of 1 part of glyom witji 7 parts 
of sfi add mixture oontaining not ksa than 93 
p. 0 ., nor more than 96 p.c., of totM adds. 
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Mm Mftt nude for a mixtare oon* 
35 ».c. HNO,, 59 p.c. and 6 p.o. 

A IWiert (U3. Pat 1216367. fto.. 1917) 
Mtooes exidoaivaB by diasolvi^ a carbohydrate 
; a acdvent medium containi^ a 1 -2 glycol, 
d nitoaUn^ the solution. Similar expToeivee 
k made with a mixture of glycols with 
lyleno*, propylene-, and butyteno-giycoU and 
i^Iyoola. and a carbohydrate. For example, 
puts of cane-«ugar are disstilvod in about 
puts of a mixture of ethylene* and propylene* 
fools, solution is effected by heating to «0°- 
0 *^, the mixture cooled, and added slowly to 
90 parts f a nitrating mixture containing 
|uaf parts of 96 p.c. nitric acid and ‘ olenm ’ 
kntaining 0-10 p.c. SO,, cooled to about 6". 
fter mixing, with constant agitation, tiic 
imperaturo is allowed to hso to about 15'^, 
id the nitration completed in about 20 minutes, 
fter coolins, the nitrated product is. separat-cd 
id purifiod by washing with dilute sodium 
srbonate solution, and then with water. The 
broduct forms a palo-yclIow oil) and is claimed 
jk) bo relatively nun-volatilc and of low fn.H'zing- 
i|K>int. 

Stettbacher (Zeitsch. Oca. Scheiss- u. Spreng- 

e offw. 1910, 11, &c.) dtwcrilKw the prepara- 
on and properties of the tetranitrato of }>enta- 
prythritol C(CH,()H)4. The t-etrahydric alcohol 
is prepared rca^lily and clieaply by a method 
descriood by Tollens, aad its tetranitrato is 
Said to Is) particularly stable, and to combino 
the explosive properties of nitromannitol and 
nitroglycerin, whilst being free from thci%| 
disadvantages. It is very iwworful, and is 
claimed to possess in a high degree the power 
of initiating detonation in other explosive’s, 
though more, sensitive than totryl, and is 
sugg^f^d as suitable for use in primers, per¬ 
cussion caps, and detonators. 


Nitroglycerins. 

Mono-, di-, and tri-nitric esters of glycerin are 
poMible. Liecke, in 1866, stated that ho ob¬ 
tained mono- and di-nitroglycerin by nitrating 
glycerol at 0” in a mixture of 1 volume of nitric 
aoi(^ sp.^r. 1*4, and 2 volumes of strot^ sul¬ 
phuric aoid i and later said tliftt %hon nitric acid 
of 1'3 Bp.gr. is uaod the mononitrate is obtained, 
whilst the dbiitrate and trinitrate are respectively 
obtained by using an acid of 1*4 or 1*6 sp.gr. 

Henriot claimed to prepare the mono- 
oomjmund by nitrating glytirol with a dilute 
nitne acid containing 3 parts of water to 1 of 
strong acid; and Wohl (Ger. Pat. 68957, 1890) 
Bt^goBted the use of the mono- and di- compounds 
for reducii^ the froaging-point of nitroglycerim 

Mikolajcxak did considerable work m 1904 
on mono-and di- nitroglycerin (Zeitsch. Grackauf, 
1904, 629); and Will made a full investigation 
of their preparation, properties, and uses in 
19W (Ber. 41, 1107), from which work the 
»olh)wing short description is taken, * 

Wills prepared ^initrogly- 
owin by the following modmeation of Miko- 
wco^^s method of preparation. 10 parts 
« gJyoerol aze slowly stirred into 33 parts of 
tttric acid, Bp.gr. 1'6, kept at a temperature 
m below 0^, and tiie mixture allowed to etand 
lOfT seyerab hoon at 10°. The mixture is then 
into 10 parts of water mod neutralised 
powdered- marble. On staadh^ the 
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gr e a t e r paH of the dinltro^yoeria Mnamtes ss 
an oU, the remainder being extraeted by ether. 

Wilis method of preparation is to slWly 
run 100 puts of glycerol, with constant agita¬ 
tion, into 600 parts of ice-cold mixed nitric and 
sulphuric acios, 3 parts H,S04 to 1 part 
UNO,, and 0 parts oi water to 100 parts mixed 
acids. The mixture is then poiitM into 10 
parts of water, and the dinitroglyoerin allowed 
to Ncparato. The acid solution is then neutra- 
lino<l, oxtrack^ with ether, the ether distilled 
off, tlie separated dinitroglyoerin washed with a 
little water, and dried over sulphuric aoid. 

Dinitniglycerin can also bo obtained by 
diHsoIving trinitroglycerin in strong sulphuric 
acid, diluting the solution with water and 
extracting with ether. 

Dinitroglycerin is a colourless or light-yellow 
oil, which solidities Ixdow >~13% and distils 
without appreciable deoompmition at 140°; 
sp gr. 1’47. It combines witn waiter of crystal¬ 
lisation, and is hygroscopic. It is poisonous like 
trinitrogiyc-orin. It is soluble to the extent of 
i about 8 p.c. in water, and in all proportions in 
dilute nitric and sulphuric acids. It is also 
I Holiiblu in other, alcohol, chloroform, acetone, 
carbon tetrachloride, and petroleum spirit. ^ 
In strong sulphuric acid, like the trinitrate, it is 
(Icnitratod, giving tint mononitmglycerin, and 
eventually glycerol. When dry it dissolves and 
gcIatinisoN nitrocellulose. 

Will succeeded in separating dinitroglyoerin 
into two iKomeridoR by taking ^vantage of the 
prot)erty of one uf them to form a crystalline 
nyflraU'. Both isomoridee, when dry, have 
explosive properties resembling those of trinitro* 
glycerin, but liecome non-explosive in moist 
air through absorption of water. 

Mononilroglf/cerin was obtained by Will, by 
a prc^scBS of crystallisation, from the oil extracted 
with ether from the neutralised and conoeo- 
trated aijueous mother liquor obtained in tlm 
preparation of dinitroglyoerin. He obtained 
: twf) isomerides, both crystalline solids, meltii^ 

! at 64"' and 68° respectively, and freely soluble in 
I water. 

I Nitrodiglycerin, When glycerol is heated for 
j 7-8 hours at 290°-296°, it is largely converted 
I into diglycerin, with a little triglyoenn and 
! higher polyglyccrins. The diglyoerin con be 
' separate Dy fractionation, and on nitration 
gives a product almost identical in properties 
with nitroglycerin. If a mixture of gfyoerol 
and a little diglycerin is nitrated, the resultliw 
product, which contains di- and tetra-nitrodb 
glycerin, has all the properties of nitroglycerin, 
out remains fluid at —15° to —20° (Will, 
Zeitsch. angew!«Chem. 1906, 889). 

Ni/rofflyeerin. Ordinary nitn^yoerin is tbe 
trinitric ester of glycerol. It was diioovered ia 
1847 by Sobrero. In a letter to Feloate (Cmh^ 

{iend» 2^» 247), he states that when gWoerol is- 
j poured, with stirring, into a mixtuie cs 2 Ttris, 

! of Bulpburio acid of 66° Baam4^ sod 1 voL of 
nitrft acid of 43°, cooled by a fressii^ ttixMre* 
the glycerol dissolves therein without pw wy tUite 
reocti^ and that on pouring the ateon into 
water on oUy suhstuios, beavififr than water, ll 
pred^toted. 

ftBobraro described some of the weo p sr i ie a ' of 
nilrc«iya6rin, but did ai^yae it. 

Jfy pnotioal ^tplfcalRnn of kijpMRtanee of 
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propeitiai nf nitroglycerin wan made until 1803, 
whra ite preparation on’ a lane Hnale was oom- 
menoed by Xobol, who Rtartodtwo nitroglycerin 
factories near Stockholm and near Lauenburg. 
It was first calWl * pyrc^glyccrin,’ afterward 
* fflonoine oil,' and still later ' Nobel'e blasting 
oQ.’ Between lHf>3 and 1805 increasingly 
large quantities of nitroglycerin were made and 
exported ; but Horiou/j accidents oceuired about 
the year' 18(18 in different parts of tho world 
whitner tho nitroglycerin had l)©cn exported, 
and were followed by legiHlation on the part of 
several governments, prohibitive of its use. 
This restrictive legislation was met by Nobel 
by the introduotiou of dynamite in l8()()-07, the 
carriage and iih(^ of this jireparation of nitro¬ 
glycerin iKiing comparatively safe. Mowbray, 
before this time, had manufacturtMl largo quan 
titi«» of nitroglycerin in Massachusetts, and it 
had b«‘n transporU’d for use in the mines in the 
frozen state. 

Manufat'Jurr. —The following is a shoiv(. 
account of the manufacturing pionesHns in 
general use for the manufacture of nitroglv<‘<'nn, 
with special reference to some iin[)rovementH 
adopted at the Iloyal (lunpowder Kaetory, 
WaUham Abbey (net- Natlian and Rintoul. J. 
Soc. (’hem. Ind. 1!K>H, 1}MI3), Th(' chonucal 
basis of tho nroeowos is essentially that .of 
yobroro's metruHl of preparation,’ but' the 
modem manufaeturing [ilant is of entindy 
different type from t.hat in use in the earli(*r 
factories, and the output has enormously in- 
oreased. 

Prime 9nateriulj<.- ‘'Y\ni ylycerol used in the 
nuuiufacturtf of nitroglycerin is the purwi 
distilled glycerol obtainable, and ]>ractically 
anhydrous. Tho presence of impurities m the 
glycMTol leads to the formation, on nitration, of 
D^es. which render the product uiutable 
and liable to spontaneous docomposition. Its 
sp.gr. must not bo lees than l*2t>, and it must 
wi free fmm acid, lime, chlorides, and arsenir. 
It should also l>e Itw from fatty acids ; in tho 
prooees of distillation of tho glycorciil, fatty 
acids of the same boiling-point are apt to come 
over, and when nitrated are difficult to wmiove 
from the nitroglycerin. The total residue, 
alter careful evaporation of the glycerol, 
should be law than 0-25 p.e., of which not mure 
tiian 0*10 p.c. should b© imirgank*. Even these 
tests are insufReiont to ascertain the suitability 
of a glycerol for nitration, and the final verdict 
deponos on a practical nitration tcet on the 
small scale ; K^grams of the glycerol are poured 
VtTV slowly into a mixture of 27^ parta of nitric 
aola of 1*50 sp.gr., and 72^ pari^ of sulphuric 
acid of 1*84 8p.gr. kept quite ^‘old during tho 
addition. The nitrogfyoerin, after separation, 
and also the waste acids, are allowed to stand 
some time in long burettes and the separated 
niteoglyoerin ulthnately collected and in#«aiired. 
The yield should be at least 200j>.c. by weight of 
tbe glyoerol, and, farther, no flocoulent nuitter 
shoula separate out during the nitration.^ 

At the present time, we various suppUoe of 
WaHham Abbey are carefully 
nKSided to sstsore unifwndty of manufacture, 
wA blend^ being peHonased in large iron tuks 
Amdiag lOtoons. TJa glyoerol is render^ fiaid 
% Mating iHto run into an*^elevator, 

k^ stooBgstotinyfiiidelqf T Bs ae l , and 


(hence forced by oompreesed air into a tank in 
the charge house, which is placed above tho 
nitrating house. The charge of glyArol was 
formerly weighed, but it is now usut^y measured 
in the tank by means of a gauge glass. The 
glycerol must not bo too heated, or, b^atise of its 
reduced 8pecific,gravity, tho weight of the charge 
deduced from the volume in the tank will be 
incorrect; yet, on tho other band, it must be 
fluid enough to easily run into tho nitrating 
' apparatus. 

Aci(U ).—To procure a good yield of pure 
j nitrr)glycorin, the nitric acid should be practically' 

I anhydrous. If the nitric acid Ik* too weak, lower 
j nitrates are formed, which dissolve in tho acid 
I inixtun*. To increase the strength of tho nitric 
' ju-id, and to keep this strength up by removing 
j the water liberated in t'ho nitration, it is necessary 
! to mix tho nitric acid with strong sulphuric acid. 

; Nitroglycerin is soluble in either acid, but not in 
i a mixture of the two. The strengths of the two 
i atii<ls and ilicir relative proportions have varied 
’ from iiitio to tini(*. In all early large-scale 
j manufacture, the mixed acid was similar in 
I Htnmglh and proportions to that used by 
* 8obrero, but tho mixture is now usually made 
from aeids of tho following dcflcnpti<in. 

Tho 7ntric arid, prepared by the ordinary 
methods fn)m sodium nitrate and sulphuric acid, 
or recovered from waste acids by denitrating, 

I mu.'iti be at' least of sp.gr. at ir)'5°, and must 
' not contain more than a small quantity of 
I nitrous acid ; usually not more than 1‘5 p.c. is 
I allowed, but sometimos the limit is os low as- 
j 0-5 p.c. The nitric acid should be also free from 
I sul{diates and elilorine. 

I Mowbray intmdboed the method of freeing 
the nitric acid from nitrous iK'id by heating u 
{ and passing a current of air through it. At 
i Waltham ^boy, the nitric acid is made by the 
; Valentiner process, which gives a product very 
! free from nitrous acid {v. Nitric acid). 

The sulphuric acid must be the purest and 
moat highly concentrated obtainable. It must 
have a sp.gr. of at least 1*842 at 15*5*’, and must 
contain not lees than 96 p.c. by weight of the 
monohydrate. ^It should be oh free from iron 
and arsenic as j^i^ible, as these substances cause 
reduction of the nitroglycerin. 

Mixed ociifa,—These acids aw* mixed in the 
proportion of 3 parte of nitric acid to 6 parte of 
sulphuric acid, an^ glycerol is usually used in 
the proportion of 1-8 parte of the acid mixture, 
but in some footoriee the proportion of acid 
mixture is as low as 7 or 7^ parte. In this acid 
mixture there is preeent uewy 0 p.c. of water 
over that giving acid monohydrate, and within 
the \agf‘ few yecu« it has become a common 
practioe to add Kordhausen sulphuric acid in 
such quantity as to c-omlnne with neariy all 
this excess of water, an increased charge and 
yie^ and len waste acid resulting. 

Nathan and othere have pato^ed (Eng. Pat. 
6581, 1966) the nitrffeton of glyOMol with a 
mixture of NordUiausen su^nrio aohi and niteie 
acid, with the object of obtaining a larger yield; 
but Guttmano (Chem. Zeit. 1005, holdie 
that, beyond a oeztaiB point, increase in the 
ooneentratkm of eitber add does not iapeove 
the yield of nitro^voerin, end, fmiher, is 
deleterioiis to the qneoto <d toe mndsei 

The Nordhanem ada h stored ia hen dbaMHK . 
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MMi t&B il» other adds, it flnt transferred to a 
tfteel toid elevator or * as it it termed, and 
thenoemaoed hy oomprH^ air into the mixing 
tank. The lam o^hndrical steed mining tanks 
hcdd About 60 tons <d mixed acid. Nitric acid 
is nm into the tank through a pipe extending to 
toe bottom of toe tank, and then the sulphuric 
acid a^ied through a pipe in the cover, and the 
two mixed by oompreased air; the fumes evolved 
pass through a fnP^o pipe into condensing 
towers. Two tanks are used at Waltham Abbey, 
BO that the mixed acid can be allowed to stand 
some days before use, in order to allow lead 
sulphate and other impurities to settle out, and 
also so that it may bo analysed, and any neccs* 
sary adjustment of composition made. The 
mixed acid is run from the tanks as rp<juirod 
into an elevator, and forced into a cylindrical 
steel vessel in the charge house to a fixed level 
determining the charge. 

Nitration .—Mowbray canie<l oijt the nitra¬ 
tion of glycerol in eartheuwarv pots, using a 
large number of them and small (harges. Each 
pot contained about 17 lbs. of mixed atdds, into 
which 2 lbs. of glycerol was allowed to drop by 
means of a siphon : the oj)eration of nitration 
taking place simultaneously in all the vessels. 
He introduced an important improvement on 
the old mechanical stirrers, by using compressed 
air for mixing the glycerol and acids. Jn later 
factories large load vessels with conical covers 
were used for the nitration, and agitation was 
effected by the combined use of compressed air 
and a stirring paddle or helix ; the water working 
the latter being also used for cooling the mixture 
by passing through leacL coils. TJie glycerol 
was allowed to fall on a msc fixed to the shaft 
of the paddles above the level of the acids, from 
which it was thrown in fine drops on to the 
surface of the acids. A process of nitration 
evolving now principles was introduced at. 
Vongee in 1872 by Boutmy and Faucher, and 
Bubsequently worked on a large scale at Pembrey 
in South Wales. They separately mixed the 
glycerol with part of the sulphuric acid, forming 
sulphoglyceric acid, and the nitric acid with the : 
remainder of the sulphuric Each of these ' 

omrations involves the liber^ion of heat, so 
that, when these cooled mixtures were tbemselvee 
mixed, lees heat was developed in the actual 
process of nitration. However, the nitration 
process takes some 24 hours'for completion, and 
the danger of leaving the nitroglycerin for so 
long a rime in cont^t with the mixed acids 
more than counterbalances any advantage 
derived from the smaller development of heat. 
Serions explosions took place in various factories 
osiitf this process, and it is no longer uJod. 

^ most modem factories the nitrating 
apparatus (there are usually two in the building 
is a lead cylindrical tank with a convex 
)r inoUned bottom, standing in a wooden svat. 
toside the fonner ar^ lead cooh^ worms, 
/hroogh wiiioh cold water circulates, os well as 


dome<«hap6d cover of lead, m<rided wito a 
number of glass inspeotkm tondowt, tonugh 
whkh the various ppes for air, water, and 
glycerol pass. A glass tube to allow the colour 
of the fumes to be seen, which is connected wito 
a pipe to cany away the fumes, and thermo* 
meter, also pass through the oover. The 
a<uds are run in, from the t*nV in the ohaige* 
house above, and cooled to a temperature of 
: about 16*^. The glycerol is then introduced in a 
< spray at the bottom of the tank, compressed ^r 
I and a simple injection apparatus baing used to 
I produce the spray, the contents beinguept in a 
{ constant stato of agitation and well cooled. 

' The rate of flow of the glycerol is regulated so as 
; to keojp the temperature of the toarge below 
: 22”—2C®. Tf red lumes are noticed at any Uiue 
in the fume pipe, the inflow of glycerol is out 
off, and additional air blown through till toe 
; fumes cease. If the evolution of red fumes 
i cannot bcj stopped, or if the temporature should 
* rise above 30°, and not fall with the fuU air 
I current on, serious local decomposition is 
indicated and the charge is at. once (downed. 

Two pipes, provided with earthenware cooks, 
leave the nitrating tank at its lowest point, both 
of which can bo opened, in case of oanger, and 
the contents of the tank quickly discharged into 
the drowning tank—a large wooden tank 
wjth cold water situated immediately below the 
nitmting tank, the contents of which can be 
agitated by means of compresBod air. 

The whole process of nitration, including 
I the sutooquent cooling down, takes altout one 
I hour. 

I In the nitration of glycerol some sulphp- 
j glyceric acid is formed, the amount increasing 
with the quantity of sulphuric acid in toe 
mixed acids. When the waste acids are allo;^ 
to ^nd, the nitric acid partly decomposes this 
sulphoglyceric acid, and nitroglycerin separates 
out. 

Separation .—In early factoriee the separation 
of the nitroglycerin was effected by slowly 
runnidl; the nitrated charge into a laim bulk of 
; water containing in leadened vats, Iwpt in 
state of agitation. The bottom of the tank was 
inclined and led to a tap through which the nitn>> 
glycerin wm drawn, after separatioD hiMl token 
place. This method of indirect separation 
involved the loss of all the waste acids, and is 
now replaced by the following method of direct 
separation. 

When the nitrated charge has cooled down, 
one of the taps at the bottom of the nitraior 
is connected with a lead bend, the tap 
opened, and ttie whole of the contenti run off 
into the separating tankplaced just below the 
level of the nitratOT. The separating is 
made of stout sheer lead, and nas a pjfisittidal 
bottom leading by means of a ^^ass 
oylAdfk to a branched horuontsl le^ p^ 
with eartoenware stop'Cocks. top fasp a 
>11 as cover with glass windows and fitted wtth .a 


vater is, in many factories, artificially cooled by 
\ refrfgcoDating piaat to 10^ or leas. The ogita* 
ion is now wuaUy psrfonnod in tok country 
sito eoMnesBod air oidy, at a pnasxne ol about i 
N) Iba, M egnaxe Into, nddto u l<woed toroogh j 
dpsa whkh. an led doph to and ronndrtoe ] 
wteoai of ton taak. TUte tato k dosed with a 


through the oover, one rovtul the bothoan ^ dab 
tank, toe other gndfiu in ton itefnetion 
ovlindor. On one doe of the Mpitotor k • 
sum impeotioii window, and on gootoef 
in etotosnwan ooto dtaated abo^ 4 
below toe 8«rlaoe^<d«^*idto|^'^ 
mptaiMtm baa taken plise. The 
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sp.gr. 1*6, gradualiy Bopamtes and floats on the 
mixed aoion, «y5.gr. auout I -73/). Two^ ther¬ 
mometers paw inrough the Jid, one ending in the 
nitroglyct'rin, the other m the acids. The 
temperature is not alJowed to rise al)Ove 17® ; if 
it snows a tende^ncy to rise, the air cuircnt is 
turned on. If the temperature cannot be 
reduced, and red fumes are given off, the charge 
is led througli a t hird cock at the bottom of the 
separator into the drowning tank. After the 
Reparation is eornpiete, usually in about 40 -4.'^ 
minutew, the bulk of the nitroglyeerin is run 
through the side tap int>o the ’ pn'Iiminary 
washing tank.’ 

The wwto aeids are then run away tlirough 
the bottom pi|>e t<i tlie ‘ after Meparat.ing.houKi'.' 
When the nitroglycerin level is through tin* 
inspection cylinder, it is led through the Hecor.d 
bronch of the pipe into the j^re-washing tank. 

Any fatty aeid iTnjmritios in the glycerol 
separate out a v('Hicu(ar scuni, also (iontaimng 
silica, iron, and lead compounds, between the- 
nitroglycerin and acid layers, ('crtain chemical 
and mechanical impurities also form a scum on 
the Burfaoe <if the nitroglycerin. Any thick 
sludge collcctmg in the separator is led (jfT 
thnmgh a fourth cock into the wash-water 
settling house, 

Several suggestions have Ix'cn patenteil to 
accpieralo the He])arivti()n. M<>lh‘r, for tiu' 
Dynainit Aotien (Jwcllschaft nf Hamlmrg (Kng. 
Pat. 13502, ItMM), (‘laims for tlu> addition of a 
small quantity. 0-ri2 part 100 glycerol, of 
fatty hydrocarbon or acid, or, preferably, high 
boiling paraflins, to the acidu before* nitration. 
Reosb (Eng. Jhit. 2U3)(1, 111(15) attributes flie 
slow separation to the presence of small quanti- 
tioR of colloidal silica and adds sodium fluoride to 
the nitrating acids, 0*002 part nor 100 glycerol; 
on the other hand, the Wcstfalisch-Anhaltifichc 
Sprengstoff A. (1. ({3cr. Pat. 2411573, 1011) add 
a Billoate, such as kaolin or Rteatite, to assist 
Reparation, and the Rheinische Dynamitfabnk 
tier. Pat, 283330, 1912) use both silica, kieselguhr, 
and hydrofluoric acid, or sodium silieofluoridc, 
ao OR to produce silictm tt'trafluoridc. lladdan 
(Eng. Pat. 18597, 11107) claims that tlie nitro¬ 
glycerin w rapidly separated from the nitrating 
acids by paasing an electric current tlirough the 
mixture ixitweon platinum ele<’tro<lp8, the gas 
bubbled fonned during the electrolysis carrying 
the suspended nitroglycerin to the surface. 

Niimtion ■ ftcparalion. — In 1901 Nathan, 
Thomson, and Kintoul (Eng. Pat. 15983) 
patented an improved apjiaratuR for the manu¬ 
facture of nitroglyeerin, which has been since 
iued at the Royal (lunpowder ^Factory. The 
two operations of nitration and'separation are 
oarrioa out in one apparatus, and all earthenware 
cooks, which were a constant source of danger, 
ore done away with, the separated nitroglycerin 
being displace from the top of the apaai%tu8 
by introducing waste acid bedow its level. 

The nitrator-separator (J. Soc, Ohem. Ind. 
1902, 927) u a cylindrical lead vessel, wiUi a 
bottom sbping in. one^ direction, with the usual 
oooUng coils and air pipes led in through the 
aide just below the sorrace of 'the acid mii^ure. 
The cover, which is eonioal, and burnt on .to the 
bo^, terml^teB in a smaJl cyUnder,^prrvHlffd 
with an inspeetton "windi^w, opening at the top 
^to a fume pipe and also laterally uito a gutter 


leading to the pre-wash tank. A thermometer 
passes through the cover. At the bottom of 
the tank is a pipe with three branclfte—one 
branch loads downward to tbe drowning 
tank, another leads upVards and has two 
brancheH leading to the mixed acid and waste 
acid tanks respectively, the third leads to the 
donitrating plant. 

The process is carried out os follows : After 
; the nitrating acid is run in, and brought to the 
■ projior Uunixu'atiirc, tlie glycerol iiijcct-or is 
j introduced and the nitration effected as usual 
in CJontincntal practice an injector is never 
used, the glycerol being introduced through a 
bunch of 1() or IH small tubes. 1'hc nitric acid 
fumes are condensed in a (iuttrnann’s condensing 
lowtT, about IH Ilw. of nitric acid, of sp.gr. 
1-320, being recover'd per ton of nitroglyeerin. 
After the nitration is ecimpleted, llio mixture is 
allowed to .stand ftu' a few minutes, and then 
waste acid v* gradually run in to displace the 
nitroglycerin a.s it separatt's. When the separa¬ 
tion IS complete* a clear line of demarcation 
Ixitw’een the nitroglyeerin and the waste acid 
IS seen in the in.spoction cylinder.- 

The ajiparatuH i,s left full until required for 
another nitration. In this way the life of the 
a[)paratus is largely increased, ivs no part of the 
inU'rior is h'ft exposed to acid furn(*s. Removing 
the nitroglycerin from contact with the acid as 
it so])arateH, and the cooling during separation, 
increaso tlie safety of the manufaeture. 

Preliminary imuhing. — 'Pho nitroglycerin 
coming from the separator U run into circular 
lead-lined tubs filleii with water. The bottom 
of the tank is inclined towards a cork, and there 
iR another cock in the side of the tank above the 
level of the 8cparaU*d nitroglycerin, for drawing 
off the woslung waters to the ' woflh-water 
settling house.' CompresRod air is blown into 
the tank whilst the nitroglycerin is running in in 
a thm stream. A thermometer is supported in 
the tank and the temperature is kept l«low 18®. 
After washing for a few minutes, the nitroglyeerin 
is allowed to separate, and the wash water is 
run off. More water is run in and the proceea 
repeal'd, any fiiilher nitroglycerin from the 
separator being added. The washing process is 
performed four times, dilute sodium earbonaie 
solution being added in the last washing, and 
the temporoture raised to 15®. When the 
prtfliminary washii\g is completed, the nitro- 
glycerin is run down a lead-lined gutter to the 
* wash house.’ 

The pre-wash tank now in use at Waltham 
Abbey has a fixed cover with a fume pipe, and 
has no cocks. The wash water is run off by 
gradual^ depressing a rubber funnel, connected 
with the outlet, into the water, and the com¬ 
pressed air pipe is burnt to the under side of the 
tank, the air holes being pierced through the 
bot|pm. This does away with any possibili^ 
of friction, and the bottom of the is ten 
smooth am is readilf cleaned. The washed 
nitroglycerin is led off through a rubber tube 
leading on to a gutter, which carries it to the 
wash house. Ctempressed air is blown thiongh 
this rubber tube into the tank during the 
washing, to keep it free from unwashed nitro- 
glycerin. • 

74iiof vxuKing .—^The final puiifioatton of the 
nittoglyoeris to remo^ tbe trance of add 
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•Ad othor impurities is effected in a lead-Utied 
tank, over wucb the gutter from the pre>waah 
tank Ejects. The tank has an inclined bottom 
leading to the nitroglyoehn draw>off cock, and 
ii fittra with comproeaed air pipes for agitating 
the oontenta. The wash waters, as they separate, 
are run off through a pipe near the lK)ttom, 
connected inside the taiiK ny a length of india- 
rubber tubing with the ‘ skimmer, and india- 
rubber-coverra metal funnel that can bo 
gradually depressed bolow the surface of the 
liquid. Cold water from the main, or warm 
watar from an adjacent tank, can be run into 
the tank through mdiarubber The 

washing tank is nxed above a largo drowning 
tank filled with water. 

The nitroglycerin is first washed with dilute 
soda solution, about 2^ p.c. strength at a tf'in- 
perature of about 30"^, hot or cold water bt*ing 
run in as necessary. Second, and sometimes 
thirtl, washings arc jierformod with weaker 
soda solution, an<l then lastly two washings with 
water only, still at tlie same tctn])tTature. The 
final washing leaves not more tlian O-OI ji.c. of 
alkali in the iiitroglycerm. 

The wash tank now used at Waltham Ablioy 
is made of heavy lead without casing. The air 
pipe is HoldeiH'd Umeatli the tank, there art' no 
cocks, the skimmer is made iMitin-ly of rublK’r, 
and the nitroglycerin is run o/T tlirough an 
indianibber tube tvs from thi' pre-wash tank. 
The washing water is softened and filtered, and, 
like the soda solution, is ston^<l in tanks in the 
charge house. 

Filtration ,—After the washing is comjilcte, 
the nitrogIyc^*rin is usually filtered to remove 
moisture and suspended flocculcnb impurities, 
the operation Udng carried out in the washing 
house. The usual method is to filter through a 
flannel bag filh'd witli salt, placed <ivur a cylinder 
with a wire gau/o bottom, into a lead-lined 
tank, with an inclined bottom. Sometimes two 
fllteiB, one above the oth(‘r, are used. The pure 
nitroglycerin is drawn off as required through a 
uoek. 

The present method at Waltham Abliey is to 
use a lead tank with a perforated false bottom, 
on which is placed a layer oi (fry sponges sewn 
up m flannel, and the cock is dispensed with, 
the rubber tube previously described licing used. 
A sponge filter was used in the Boutmy-Faucher 
process. , 

In some factories filtering is not resorted to, 
but the water is removed by allowing the washed 
nitroglycerin to stand for some days in a warm 
room, when all the water rises to the surface of 
the nitroglycerin. 

Tejfting .—The finished nitroglycerin js tested 
for moisture, alkalinity, and nitrogen content, 
and has to pass a specified time limit in the Abel 
heat test. {For a description of this test, see 
under stability teste, p. 9^) , 

Treating the iiusA toalers .—All the wash 
waten, from washing * the nitroi^cerin or 
apparatus, which contain considerable quantities 
of nitroglycerin, are run down lead gutters into 
a large wooden tank in the wash-water settling 
house. The contents are kept in citation 
during the day, and allowed to settle overnight. 
The se p aflkted nitrt^lyoerin is run off in the 
morning, in the old num of tanks through a 
cock, in the new through an indianibber tube, 


into indiarubber buol^eii and returned to the 
preliminary washing tank. The wash water is 
drawn off from above the level of the nitro> 
glycerin and run into a * labyrinth * or nitro* 
glycerin trap, a long oblong lead tank divided 
into a series of oompartmente by partitions, with 
rows of holes, alternately at the top or bottom, 
for the water to pass through. E^h partition 
has also one hole at the bottom, through which 
the de})osito(i nitroglycerin runs and coUoota at 
the iow(»t point of the bottom, and is drawn off 
and troated like that from the wash-water 
settling tank. The water from the labyrinth 
is run into ponds, and any nitroglycerin collect* 
ing there is occasionally destroyed by detonation. 

At ^Valtham Abbey, labynnths are now also 
placed in the nitrating and wash houses, through 
whicii the wash water passes before going to the 
wash-water settling tank. By this moans the 
nitroglycerin reaching the latter is materially 
i’edu«’ed. 

• Si'condary or ofter-sc-paratian from the waste 
acids —The waste acids from the separator 
cimtani a small quantity of nitroglycerin, and 
a further quantity is formed on standing, os 
already explained, from the sulphoglyceric acid, 
'file waste acids are run into largo cylindrical 
lead vesKcls, surrounded by a water jacket and 
fitted with cooling worms and compressed air 
pipes. Tiie tup of the tank is closed by a conical 
lid with a glass eyliiider at the ajxix ; the acids 
being filled in to' about half-way up this tube. 
The cover has also a fume pipe and two thsr* 
mometere, one in the nitroglycerin, the other 
reaching to the acid. As the nitroglycerin 
scqiaraUns, it is removed and poured into a email 
lua<l tank cuiitaiuing water, which acts as a pre* 
wash tank. 

The cooling jacket, worms, and air current 
an' snly used if the temperature rises consider* 
ably duriag the separation. When no more 
nitroglyccriu separaUrs on standing (sometimes 
a week in necessary), the acids are run off and 
treated by some denitration process, and after 
concentration arc again used in the manufacture. 

The process of separation is no longer carried 
out at Waltham Ab^y, but the waste acids are 
treated by a process patented by Nathan, 
Thomson, and Kintoul (Kng. Pat. 3020, 1003). 
The patentees take advantage of the facts that 
the addition of a small uuantity of water to 
the waste acids not only araorbs the suspended 
finely-divided nitroglycerin, but also prevents 
the formation of more nitroglycerin on standin|;. 
The waste acids, after standing and cooling in 
the iiitrator-scparator and removing any ad* 
ditional nitro^ycorin that separates (this sepa¬ 
ration is much* more complete than ordinarijy), 
the quantity of acid necessary for displacing »e 
next charge is run off into an acid elevator Mid 
forced up into the displacing tank. The re- 
maindv' of the waste acids is then violently 
agitated, but not cooled, and 2 p.c. of watw al 
gradually added; the acid is then mn off and 
lorcid into the tank in the denitratiiw bouse. 
On the Continent water is not added to the 
waste acids, but the after-separatoi^ ate stlfl 
retomed, as they field 0*8-*0‘9 p.c. nitroglycerin, 
calcmat^ on tm glycerm used. 

a loltei^ of the usual denltratingf Nobel (Fr. 
Pat. 36n64, 1906) pmaug to swenerate the 
waste aetds by theOMaition of fiRBabaoida,a0d ; 

'I#:'*' 




8S 


EXPLOSIVES. 


nIfJmM in thin way to inoroa^c the yield of 
nitn^lyuerin, and Klaf> 0 N that the procoae of 
nitratioD ii rendered Ictw dan^orous. 

Yifld. —From the o(jimtion reproaeiiting the 
formation of nitroglycerin : 

C,Hj(0H),f3HN0,-(!3H,(N0,)3+3H,0 
a theoretical yield of 247 partH of nitroglycerin 
should be obtained mr 1(H> parts of glycerol. 
Up till rew^ntly a yield of 215 p.c. wa« conaidcrtjd 
very good, but now yields of 229 p.c. and overJ 
are usually obtained. 

A charge of 1320 Ibw. of glycerol hiks boon 
used at Waltham for some years, (luttinann ! 
Htatoe. that it ia customary in wcll-condiictcd : 
faotohofi to nitrate 110 kgs. of glycentj, in 
mixtiirct of 34Nt kgs. of nitnc acid of about | 
9.3-04 p.c. monohyd^at<^ and TitK) kgs. (jf | 
sulphuric of fMl p.c. monohydratci. This cone- i 
spouds to alMxit 255 parts of nitric acid ! 
Dionohydrat«. and 430*4 parts of suljihuric acid ! 
monohydrate, or a total of 091-4 parts (d i 
acid inonohydrati' with 35-K parts of water, ! 
4*9 p.c. to each 100 parts of glyciu-ol. J-le alscj 
states that the largest a])paratus made in lead 
nitrates 080 kgs. of glycerol at one ofXTation, i 
whilst m America and South Afruja steid a])pa- ! 
ratus with mechanical stirring gear art* most ly i 
used, some nitrating KKX) kgs. at a time. Fac- | 
toriiM using the nitrator-separator process now > 
employ a mixture of 41 p.c. of nitric mud, I 
67*5 p.c. Hiilphuric m'id, and 1*5 p.c. water, | 
ooiTcwpondiug to 250 lbs, nitnc. acid, 350 sui- | 
phurio acid, and 9 ILm. of water for each 100 Ihs. ! 
of elyoerol, which gives a ratio of (>‘09 of acid 
to 1 of glycerin. Th(> Thomson a])}iaratiis is 
now generally used on the (!untinent with slight 
mudincation m the proi'odure. The nitration 
IB oarrted out at a temperaturt' of from 28"' to 
SO'*, by 0 part.s of an acid mixture contaiuing 
44 p.o. HNOg, 55 p.c. HjSOi, and I p.c. HjO. 
This more drastic nitration is slated to give a 
purer product by oxidation of some of the 
impuriticH usually found, with a yield of from 
232 to 233 p.c. Hofwimmer (('hem. Zeit. 
1912, 061) states that a maximum yield of 
nitroglycenn is obtained by the use of 3 molecular 
weights of sulphuric acid and 4 of nitric acid for i 
the nitration of 1 molecular weight of glycerin. 

Com'poaition .—By suflicient dilution with 
copper oxide, the combustion of nitroglycerin 
. can be carried out in the ordinary way. The 
nitrogen can bo eetimatod by Dumas’ method, 
or, better, by the nitrometer. The results of 
numerous analyses by different experimenters 
give figures very closely oorreaponaing t-o the 
tbeoretioal oompoeition CjHdNOjL! Perkin 
(Ohem. Soo. Trans. 1889, 7^) fi*om debennina> 
tions of the magnotio rota^on of nitroglycerin, 
oonoludes that nitroglycerin must have its 
oxj’gen combined in the form —O—NO,. 

Prtypf.rtiti .—Nitroglycerin is a hoa^^* loUy 
liquid; its sp.gr. at 15*6*’ is 1*60. When 
properlv made from perfectly pure luid colourless 
glyeero) and acids, it is as cdourkm as waW; 
out of a yellow to pale-brown colour as obtained 
nn the ^mmoroml scale, according to the 
purity of the prime materiid8.o It is nout^ in 
raaotion, and, when qiute free from water,'it is 
tmnspamn^ When pure, nitroglyooip n^y^te 
kept tor an in^^finxt^y kpg time withou't deram- 
^ontdm. Thus BerUkelot eeoords the keeping 


of a specimen for 10 yeara, McRoberte one for 0 

g ^ars, without any appearance of decomposition. 

ut the presence of moisture, or of a #ao 6 of 
free acid, is able to start the decomposition of 
nitroglycerin; sunlight also causes it to decom¬ 
pose (Hertholot). 

A mixture of ozone and oxygon, according to 
Beckorhinn, oxidises nitroglycerin at ordinary 
temiKjraturcs, with the formation of glyceric and 
nitric aculs. When nitroglycerin does decom¬ 
pose at ordinary temperatures, the decomposition 
pfooeods quietly, tbo liquid tunis green, and 
NOo and (JOj arc evolved. After some time, the 
whole inas-s gelatinisea, and contains much oxalic 
acid and ammomuiii salts. Nitroglycerin solidi¬ 
ties into long whiU^ prismatic neeillcH, the tem¬ 
perature at whmh it Rohdilics varying with 
(lilTcrent samples between f and - IF’; the 
frozen nitroglycerin melts again at about 11 ”. 
The time of. expoHiiro for solidifying or luelting 
must l>e prolonged. Naiiekliofl found that puro 
nitf<)glveerin*could lx* cooled to Jta low a tem- 
pcratiue a.s -40 • to 50 ' without solidifying, 
thougli he states its true frei'zmg-point to bi* 
12-3”. When cooled by a mixture of solid 
carbon dioxide and ether, it solidifies to a glassy 
mass. Kjist (Zeitseh. f. il. («es, SelicisH ii. 
SiircngstofTwesen, liKiti, 225) has shown that 
nitroglyeerin e..\i 8 ts in two allotropic forms, one 
Bolidifying at 13*2 , the other at 2 *F. the melting- 
points lx*iug 13*5 and 2 5' respcetively. Will 
(Bor. MM)K, 1107) gives the melting-point of the 
labile imxlilieatioii ax 2*2 9 and of tlie stable 
modiiieation ivi 12-2 . Hihbort (Htli Irit. ('ong. 
App. (Ihem. 1912) ilosenls'H the. prejiavution of 
the two solid forms of lutroglyeeMii and staka 
that the labile form erystallisi's in th<' tncliuic 
systiom, and htis a iii.p. of 2 * 0 ' . and a fix'czing- 
point of 1'9‘’; whilst tlie stable form crystal- 
lisos in the rhombic system, and has a m.p. 
of 13*2'^, and a freezing-jxiint of 13*0". The 
labile torm is eoniparative.lv stable below 0 °, 
but is ooni erted at once to the stalih' form with 
rise of temperature on addition of a crystal 
of the latter. 

Nitroglyoorin is aliglitly volatile at ordinary 
Umiperaturce, the volatility increasing with rise 
of temperature.' Alarshall and I’easi* (Chem. 
80 c. Trans. 1916, 109, 5rc.) have determined 
the vapour pressure of nitroglyeerin, by the 
amount volatilised from cordite at various 
temperaturee. They obtained the following 
iwulta : at 20% 0*(XK)26 mm. ; at 3(F, 0*00083 
mm. : at 40", 0*0025 mm.; at 51F, 0*(K)72 mm.; 
at 70". 0*044 mm.; and at 80% 0*098 mm. 
According to Hess, it can be completely evapo¬ 
rated by continuous exposure to a temperature 
of 70", and it can be distUled in txu'ud below 100°. 
Will states that nitroglyoerin can bo completely 
volatilised at 160° without boiling. Champion 

f ives tlio boiling-point as about 186°, but de 
fry|i states that this temperature is too low, 
and that the boiling-point is over 200 °. 

Althouj(b DM^ectly pare nitroglycerin is quite 
stable at ordinary temperatures, it soon begins 
to decompose at slightly elevated temperatures, 
the decomposition raj^y aoederating owing 
to the oatalytio aotaon m the deoomposition 
products, so tiiat it soon becomes dangeroos. 
i Aooording to Quttmaan, a temp&ratw ol 
, between dS** and 50*’ is tim eritioal one for 
! oitroglyoeHii, tke stability besng practical^ 



axFLQfinraa 




jWfiMi baiow thu tesoperature. The deoompo- 
■ihkwi is ikooeleEated by small traces of nitrons 
acid ; fajiKtho oxidation glyceric and oxalic acids 
are foimsd. 

The velocity of decomposition of nitro* 
gfyoerin, when out of contact with the products 
ordeoompoeitioni has been examined by Bobeort- 
Bon (CheoL Soc. Trans. 1909, 1241). He con- 
olodtt that the nitrogen is disenga^^ almost 
entirely as nit^en peroxide, in which respect 
the decomposition differs from that of guncotton ; 
that the disengagement of nitrogen peroxide 
proceeds in a p^eotly uniform manner; that 
the rate of decomposition is a function of the 
temperature, and increases from 00'^ to 125"', 
being doubled in a rise of 5'^, and that nitro¬ 
glycerin bos a higher rate of deeom}>osition than 
guncotton under Himiiar conditions. 

Mowbray found that his nitroglycerin con- 
traetodabout ^ of its original volume on fn)Ozing. 

Beckerhinn made a number of estimations 
of the Bpticilic gravity of Nobel's nAroglycenn, 
which was procured fn)m different factories. 
The STOcific gravity of the solid nitroglycerin 
was taKcn at 4-10'^ (nearly at its melting-point); 
all the nitroglycerins gave very concordant 
values, haling a speciile granty of I 'TllS. The 
specific gravity of the liquid nitroglycerin was 
found by numerouH estimations to bo 1'5!19; 
whence, in Holidifying, nitroglycerin contracts 
about ^1^ of its original volume, Consequently, 
Nobel's and Muw&ay’s nitroglycerin agree in 
this respect. « 

Boc^kerhinn found for the sjiccifie heat of 
liquid nitroglycerin (between 0'5° and 98°) the 
vflJue 0*4248, and for the latent heat of fusion 
of solid nitroglycerin thu value 33*54 beat-units. 

Perkin (f.c.) found the magnetic rotation of 
nitroglycerin to be 6407. 

It is inodorous, has a sweet, pungent, 
aromatic flavour, and even in very quan¬ 
tity has toxic properties, first noticed by Sobroro. 
Schuchardt (Dingl. -poly. J. 180, 400) tried the 
effect on himself of swallowing a drop of nitro¬ 
glycerin. He soon experienced vertigo, head¬ 
ache, lassitude, and drowsiness; and an hour 
later, having incautiously taken more nitro¬ 
glycerin, the sjnnptoms mentftiiftd increased in 
severity, and were foUowed by nausea and loss 
of consciousness. No ill effects were, however, 
felt next day. 

The handling of nitroglycerin is followed 
by similar unpleasant symptoms ; but continued 
handling of the nitroglycerin for a d^ or two 
gives immunity from the headache. The chief 
symptom is usually violent headache. Fresh 
air, orinking black coffee, or extract of sarsapa¬ 
rilla, and the administration of morphine 
aoetate, are antidotes. * 

^ Hay states that 1 gram of nitroglycerin 
*di8SolveB in about 800 o.o. of water, and m 4 o.c. 
absolute alcohol. Will gives the solubility in 
water at 16° as 4)'16 p.c., and the abeorptk)n*of 
water as 0*2 p.c. It is finely soluble in methyl 
alcohol, ether, benzene, nitrobenzene, ohloro- 
form, acetone, glacial acetic ackJ, ethyl acetate, 
and other otgaoio solvents. 

It is niactioaUy insolable in glyoorol and id 
carbon Sulphide. The solubility of mtrogly< 
2 £dn in a kige niuaber of aolveaits is given ^ 
SjUott, in ttw School of MiaeB Qoazte^, 4v. 
13- Nitsoglycarin is s<^Ue in stroog nitsio acid* 


unohanged; instit^sal^urioacuditisdkBolved 
and gMually denitiated with the fomatioa of 
glycerid sulphate. 

Berthelot (8ur la FCroe dee Matibres e^do- 
sifs d'aprbs la Thermochimie, 1883) givea for 
the heat of formation of Uouid nitroglycerin 
from liquid glycerol and niwo acid, -fl4'7 
kgm.-degrees per molecule (227 grams) of 
mtroglycerin ; and for the beat of formation of 
nitroglycerin from its elements (diamond car¬ 
bon, ^eous hydrogen, nitrogen, and oxygen), 
-f98 Kgm.-degrees )>er 227 grams; or, 
gram-degrees per 1 gram nitroglycerin. 

Ddectim. —Nitroglycerin can be detected by 
) its taste, and by absorbing a drop on bibulous 
^ paper; the drop produces a permanent greasy 
I stain whTich oxploacs when struck by a hammer 
on an anvil, bums with a yellowish-green flame, 

: with a cracking sound, or, when heated from 
; below, explodes with a loud report, It is 
Molublu in methyl alcohol, the solution becolping 
milky f>n the addition of water, and eventually 
depositing heavy oily drops. A solution of 1 
vDl. of aniline in 40 vols. of sulphuric acid, 
sp.gr. 1'84, gives a purple-red colouration with 
I ilio smallest trace oi nitroglycerin (Werber). 

I Upoctiom, —Of the reactions of nitroglycerin 
I two may bo mentioned. The decomposition of 
I nitroglycerin by caustic potash was stated by 
! Railton (Uhem. 8oc. Trans. 1866, 7, 222~-224y, 
I to be; 


(!sH6(NO,)j+3KOH«=CaH,Oa-f3KNO, 
but this was not at all justified by the results of 
his experiments, as only a small fraction of the 
nitniglyocrin scorns to have been decomposed, 
j and the formation of some potassium nitrate 
and glycerol to have been only qualitatively 
determined. 

Hay {l.c.) states that, by the action of 
alkalft on nitroglycerin, glycerol is not regene¬ 
rated, but is oxidised at the moment of formation 
at the expense of the nitric acid, potassium 
nitrite being formed. He sums the reactions 
into one equation, thus : 

C,K.(()NO,),+0KOH 

«KNO3+2KNOa-hHCOjK-j-CH.C0,K-j-3H,O 


stating that while the oxi<lation products of 
glycerol may vary as regards their nature and 
proportions, the above equation expresses with 
approximate accuracy the counie of the reactiott. 
Berthelot (Compt. rend. 19(XI, 131, 619) considsn 
that the regeneration of potassium nitrate may 
bo taken as corresponding to that of the glycerol, 
and, if that is so, the production of potassium 
nitrite implies the simultaneous formation of a 
more highly oi^idiBed prodnet, such as glyoerio 
aldehyde, in thlit way : 

C,H,(NOg),-f3KOH 

«C,H,03+H30-1-2KN0,+KN0, 


Berthelot also considers that the poor stebflity 
of Botn^ samples of nitroglycerin, for which it 
is often difficult to account, may be attriboted- 
to the formation of glvceric aldehyde in the 
manufacture, produced In this way : 

and Uiat this nitaous acid Ihen fans a 
mixetf Mter of t^ oompoeition j 

bo|h which unsurities would m ittiffiewt to 
datMia. •• 


In wetk (m the hiy<ftolyB& 


■'M 
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in alkaluie HolutiiJH, /^illwirad and Fanner j 
(Chem. 8 <k'. T^rans. IftWi, 1759) attribute the i 
absence of glyc-crol in the products to it* i 
degrEhdation to liydroxy-acidM, Ac., owing to ' 
the nmre rcactiv'c condition of the nitric acid I 
when firat sot free on hydrolysiH. Nitroglycerin 
is acted on by poloHnium hydroxide in aqueous | 
and in alcoholic nolution ; but, naturally, much i 
moni hIowJv by aqueous potash. 

The reaction of nitroglycerin with alkaline 
Mulphidi's, hy which glycerol is formed ^^ilh w- 
duction of the NO.^ groiiji, and not an amido 
derivative, is of great theoretical interest, but 
has not been examined (juantitatively as in tlio 
case of guncotton. 

Some experiment* were made in by 

Bloxam ((Jhetn. News, 47, 101>), on the di-eoin- 
osition of nitrfiglycerin by alkaline sulphuii*;^, 
ut more with th(^ view of finding a safe meaiiH 
of disposing of nitroglycerin. He found that 
ale^liolio solution of KrtS, strong aipieoiiH sf)lu- 
tion of K,S, aqueous yellow uininornuin sul- 
phhlc, the orangi'-eoloured solution of ealeiuni 
sulphide formed by boiling tlowei's of suljihur 
ana slaked lime with water, an? all able (tlie lost 
solution more slowly than the others) to ctTect 
the conversion of lulroglycerin into glycerol. 

('(ytnluiJtlion arttl dclonaturn. —Heated ra]mlly 
to nitroglycerin inflames, and at a little 

higher t<*injs’>rature detonatw witli groat violontre 
(Bertholot., Sur la Force diw Mati6n's c.xplosifs). 

The toinperaturti of cxnltwion of nitroglycerin 
is variously stated. Nooel staU's that when 
hoatod to 180", it expiodw. Hagen givw 
IfK)® as the temjM'rature of explosion of nitro¬ 
glycerin ; I.yeyguo and Champion uive a lughiT 
temperatun*. V. Hws ol«<*rves that explosive 
HubstanecH, when slowly heated, detonate at a 
lower tomporftture than when suddenly heated. 
Tho tomperatun' of explosion of nitrogl^’ceriii 
(and of explosives in general) is evidently 
dependent on the conditions of the experiment. 
MoRolierts (f.r.) that tho exiilosion of 

nitroglycerin can bo brought about by heat- i 
ing it to a U^niperature at which docompoeition | 
lakes place; the decomposition itself then 
spoodily raise* the temperature to the point of i 
Itxplosion. Snelling and Stone (U.S. Bureau : 
B’of Minew, Tech. Paper No. 12) have studied the 
’behaviour of nitroglvcorin on heating. The 
nitroglycerin gradually lx>caine yellow, llw-n 
orange, as the temperature was raised, obvious 
dooomposition with gas evolution and partial 
distillation took jilaee at 145*^, and e.xplosion 
occurrod at about 218°. They explain that the 
lower explosion te»mperaturc« given by other 
observers are duo to the heat eg decomposition 
of tho nitfcwlycorin locally raiding the tempera¬ 
ture above tno recorded temperature of explosion. 

Nitroglvcorin is not readily inflamed at 
atmoephono temperatures by contact with 
flame or with a red-hot body. Thu#i, J^obcl 
in 1806 showed that nitroglycerin was not 
inflamed when its surface was touched with a 
red-hot iron rod ; the flame of a burning wood- 
shaving set on fire nitroglvcerin, which burnt 
withoulf explosion with a flame that went out 
when the souroe of heat wad removed ; ^d he 
states that burning nitroglycerin explodoi only 
when its temperature k nosed by tne (.‘ombuB- 
thm to at lo^t ^ * 

Eleotrio sp^os will infikme nitrc^lyoerin, but 


with difficulty. Abel placed two polos connected 
with a Ruhmkorff’t! coil, in some nitroglycerin 
and passed sparks between them ; tlw surface 
of the nitroglycerin was agitated, turned black, 
and after half a minute tho nitroglycerin 
exploded. 

The combustion of nitroglycerin, brought 
about by contact with an ignited body, gives 
rise to nitrons vapours and a complicated reac¬ 
tion ; it bums with a yellow flame, but with¬ 
out explosion projicrly so called, at least in the 
case of small quantities. But if the quantity of 
nitroglycerin is too large, the lombustion ends 
m detonation. 'J’be gases produced by burning 
nitroLdvceriii (or. rather, ordinary dynamite: 
nitrogiycorm and silii-ious matter) have been 
analysed by Sarrau and Vieillc. Tlic gases were 
allowed to wcape freely, under appniximatcly 
i atniosjiberic pn“s.surc ; they bad the following 
composition jier 10(1 volumes of gas ;— 


NO 

. 48-2 

11 

1-0 

(.'() 

^ :\r> !> 

N 

i-:i 

(’0, 

. 12 7 

('H, . . 

, o-:i 

Mu* c( 

imliUKlmn, therefore 

under these 

circum- 


: stances appeals to be \('j’y mcompicle. 

! In the early <lays of t in* use of nitroglycerin, 
Nolxd etT(‘ct(‘d its c,\pl()wion m a boreliole by 
means of the exjilosion of gnnjiowder (Nobel, 
Kng. I'at. 2lir)!l. iSlilJ). The guniiowdcr woe 
i lirod by a fn.se. but tho explosion of the nitro- 
: glycerin was uncertain and meomjilete. Incom- 
^ jiretf' detonation of nitraglycenn leadfl to it* 
eombustion and the formation of nitric, oxide 
and the deletm'ious liiglier oxides on coining in 
eontiM’t with the air. Snljsequently (in 1804) 
Nobel exploded tho nitroglyci'nn by means of 
the detonation of mercury fulminate con¬ 
tained m a strung coppi'r ('ap, or detonator, a* 
it 18 now termed, immerBod in the liquid. The 
detonation was then complete, and the force 
developed much gri'ator tlian when tlie nitro* 
glycerin was fired liy means of gunpowder. 

The shock of two hard bodies capable, of 
vibrating n'adily is able to cause the detonation 
of nitroglycerin coating tlie struck surfaces. 
Nobt‘1 noticed that a film of nitroglycenn on an 
anvil, struck figntly by a hammer, detonated 
only where struck by the liammer; but if 
struck heavily, the whole film of nitroglycerin 
detonated (McRoborts, hr.). If the film bo 
covered only with a sheet of jiajier, and struck, 
tho detonation is propagated through tho whole 
of tho nitroglycerin (Ddsortiaux. Traits sur la 
Poudre, Ac.). Reasoning that the blow of tho 
hammer caused strong eompression of the nitro* 
j glycerin, and raised it* temperature to the ex- 
■ plodipf point, Nobel was led to try the effect 
j of the blow caused by the detonation in the 
' nitroglycerin of strongly confined detonating 
mixtures, in the hope that the blow thus give? 
i wpuld raise tho temjwraturc of the nitroglycerin 
! locally, as was done by the blow of the hammer, 
and w(>fBd thereby “cause its explosion. He 
eventually (in 1864) found that the detonation 
of nitn>glyeerin could be rendered certain by 
the use of mercurv fulminate contained in a 
strong copper cap (McRoberts, I.c.). This idea 
of firing an explosive by initial detonation was 
one of the greatest improvementa ^er made jn 
the use of explosives. It made t^e use of nitro- 
glycerin as a bUsting agent practicable, was 



41 


EXPLOSIVES. 


•abaoquently applied by Abel and Brown to 
guncotton, and is now used for firing all high 
ezplosNbs. 

It has been mentioned that the detonation 
of nitroglyeeria is readily caused when it is 
subjected to the shock of two hard sonorous j 
-bodies, as that of iron on iron. The shock of 
copper on copper is believed to be lees dangerous, i 
ancl that of wood on wood still lees so; but ox- 
plosions of nitroglycerin have been caused by 
such shocks (Berthelot, Hur la Force dee Ma- ' 
tibree expioeiis, dtc.). The scnsitivences of 
nitroglycerin to fnction and percuusion incrt'oses 
with the temperature. 

Frozen nitroglycerin is less readily detonated 
by a blow, or oy the detonation of mercury 
fulminate, than when in the h<iuid state. This 
was to be c.xpectod, as detonation results in both 
cases from tne transformation into heat of the 
kinetic energy impartcnl to the particles (*f 
nitroglycerin—heat suihoiont at the part struck 
to raise the temperature of the nitroglycerin to : 
the Uimperature of cxplosktn; and U* raise 
frozen nitroglycerin U) that temperature, more* 
heat would bo requirwl than in the case of 
the liquhl, on account of the h«“at absorbed 
in melting the, solid mtroglyrcrin. 'Phus, 
Beckerhinn states (JSitz, \^^ 72 and 73. in 
abstract in the Jahit58l>eneht der cli<*imschen 
Toohnologio, 1H70, 22, 4H1-4H7) that quanti¬ 
ties of mercury fulniinaU' which wnulcl liavo 
detonated liquid mtrugJyceriTi witli certainty, 
u:d not detonaUi erystallised nitroglyi’cnn; , 
also, that when a flat anvil of Besseiner steel 
was thinly coated witli lu^uid and with solid ! 
nitroglycenn, and a wrought-iron weight allowed ! 
to fall on it, the mean height of fall required 
to effect detonation was for liquid nitroglycenn 
0‘78 metro (2-6 feet), for frozen nitroglyiicrin , 
2'13 metres (7 feet). McRol)erts {l.c.) states 
that a detonator containing even so much oh 
1 gram of mercury fulminate <loo« not effect the ‘ 
detonation of thoroughly frozen nitrogly<!erin, 
while 0*1 gram of fulminate will detonate liquid 
nitroglycerin. 

The products of the detonation of nitrogly¬ 
cerin are stated to bt^ those of complete combus¬ 
tion, and the equation roprdlefiting the change 
is given as : 

2CaHs(N03)a:-(K^03+5Hj()+(iN + 0 

8arrau and Vicille (Compt. rend. JK), 10(K)) 
state that ex|Kiriment shows that the decompo¬ 
sition of nitroglycerin in a closed vessel is 
represented by the above equation; but no 
analysis of the gases is given. 

Calculated from the above equation, nitrt)- 
glycerin contains an excess of 3*52 p.c. oxygen 
(per 100 nitiwlyccrin) above that roqftirod for 
complete combustion, and 100 grams of nitro¬ 
glycerin would be converted into 6815 grams 
CO„ 19*83 grams 3*52 grams O, and 18*50 
grams K. * 

Nobel has caleulatc4 that 1 vob of nitro¬ 
glycerin on explosion generates about 1200 vols. 
of gases, calculated to normal temperature and 
pressure, and that the heat generated expands 
the gases to nearly eight times this volume, and 
concludes that tne explosive force of nitro¬ 
glycerin ip 13 times as great as that of an equal 
volume of gunpowder. 

The qnaotuy of heat evolved by the total 


oombustion of nitroglycerin, as represented in 
the above equation, a given bu Boibelot (fiur 
la Folbe des Matihres explosim, do.), for 227 
grams nitroglyoerin and in Calories (kgm.*d^Tee 
units), as fmlows :— 

The water liquid, constant pressure, +360*5 
Calories ; oonstant volume, -|-m 8*5 Calories. 

The water gaseous, constant pressure, +331*1 
Calories ; constant volume, +3w*0 Calories. 

Or, per 1 kilogram of nitroglycerin: 

^ The water Liquid, oonstant pressure, +1570 
Calories ; constant volume, +1679 Calories. 

8arrau and Vieillo obtained, by experiment, 
+ HKK) Calorics. 

The volume (at 0® and 0*70 metre pressure) 
of the gases produced by the detonation of nitro¬ 
glycerin, calculated from the equation given 
above, is 714 hires per 1 kilogram nitrogly¬ 
cerin, the water taken as gaseous; or 1142 
litres gas (under the given conditions) per 1 litre 
nitroglycerin. The calculated volume of the 
pe'rmanent gases (j.p. the water taken as liquid, 
tension of aqueous va})our at 0® disregarded) at 0® 
and 0*70 metre is 467*5 litres per I kilogram 
of nitroglycerin, or 748 litres per 1 litre of 
iiitroglyeerin. Berthelot montioiis that Sarrau 
and Viojlle found experimentally the volume of 
permanent gases to be 465 litres at 0® per 1 kilo¬ 
gram nitroglycerin. The gases at the moment 
of (iet-onation are greatly expanded by the heat of 
the (iomhustion ; wicording to an early statement 
of BortiicUit (in 1871), the gases are expanded to 
eight times their volume at 0®. 

Jt will bo convenient to requobe the numbers 
obtained by Noble and Awl (Fired Oun- 
! powder, No. 2, Trans. Roy. Soc. 1880) with 
Waltham Abbi^y fine-grain gunpowder and 
(ordinary English mining powder. 

Oiu' kilogram perfectly dry powdor gave on 
explosion: 

W.A.Hne- Minbiff 
grain powdor 

Quantity of heal in Calories^ 738*3 516*8 

(kgm.-degrccs) . . .) 

; Permanent gases in Litres at 0®1 263*1 300*3 

and 0*76 metre . ./ 

The statements as to the relative power of 
; nitroglycerin and ordinary blasting powder ^ 
I blasting agents vary; partly, no doubt, QK 
I account of differences in the rocks blasted, m 
i nitroglycerin is most effective in a compa<5t rock, 
offering equal resistance in all directions to the 
gases protlueed by the explosion. Thus, Traurl 
(quoted by Berthelot) stated in 1870 that nitro¬ 
glycerin used for blasting in quarries produced 
Fivo to six times the effect of an equal weight of 
blasting powder; and for equal volumes the 
j difference woiild be much greater. The effects 
I produced are those of dislocation, specially de¬ 
pendent on the initial pressures. Schwanort 
(quoted by Bdekmaon) states that the mean 
bla^W power of nitroglycerin may be token os 
bcing^5 to 4 times greater than that of ordinary 
blasting })owder; equal weights being in oU 
probability intended. 

The velocity of the propagation of detonation 
in liquid nitroglycerin has been deteanined 
Abel (Trans. Mir. Soc. 1874, 386, 386). Tbs 
lengih of nitroglycerin used was 14 leetv filte 
i^h| 3 ozs. per foot of the train. • The Bqaki 
was MHitfcin^ in a V-shaped of thin 

sheet metal; at in^fviw of z feet! fine hwdoted 
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copper wires urowud tlio trough (iuivuig boon 
pMsed through, and (’ciilented into, umall holes 
in the sidos of the trough) sufficiently iltor the 
bottom to be covered by the nitroglvcorin. The 
valocitioM wore meHsured" by Noble's chronoscopt ?; 
the mean rate of detonation was found to be 
5306 feet (1H12 nictros) p(;r second, or little 
more than one-fourth the rate of detonation 
of cylinder of c(>nipr{>H«od guncotton in a oon- 
tinuoUH row. 

(/fif. - Nitroglycerin, as such, is no longer uhc^ 
tkM un (explosive, it was at one time used to a 
largo exUmi, specially in America ; ftjr instance, 
about 7b tons of Mowbray’s nitroglycerin, 
transportod in the fm/rn slaU*, was used in tlio 
construction of t hi* Hoosa<; Tunnel in MasKachu- 
setts in 1874. Its use was proliibiU’d in ICnglanii 
in iHbb, and then died out in Kiirope, but it 
was otnp)oyc<i in America hir sonH> years iifter- 
wanls. tSiiK'e the invention of nitrogclatin, 
there is mi jnci-ntive l-o use raw nitroglycerin, 
as the forinor is us powerful an explosive us the 
latUir. 

Dynamites. 

It has been alreivdy im^ntioned that the 
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(1) those with an inert base; (2) those with a 
combustible base; and (3) thoao with an 
explosive base. The last class incluifts those 
with bases which are explosive mixtures (nitrate, 
chlorate, perchlorate, &c.), and those which^are 
explosive compounds, cither of the ‘ nitro ’ or 
‘ nitrate ’ class. In the last class it will be con¬ 
venient to include blasting gelatin and gelatin- 
dynamite, although the nitrocelluloees have not 
yet boon considered. Explosive mixtures con¬ 
taining only a small percentage of nitroglycerin, 
added to increase the case of detonation, have 
Ls'cn classified under the characleristic oxygon 
sail, but th<' lino of demarcation is not sliarp, 
an<l the classification i.s to this oxU'iit arbi¬ 


trary. 

The principle of mo.st modem dynamites, 
which belong to tlio second and third classes, 
IS to make th(! huso contribute to the energy of 
the explosive, llie nitroglycerin acting as 
detonating agent, to the base. A slight further 
advantage \s obtained in these classes, us the 
('xccHs of oxygen present in tlio nitroglycerin is 
utilised. Nobel first, used gunpowder as tlie 
explosivi' bas(“, but safer and more regular 
results were olitamt'd by n^placmg the sulphur 
serious accideiiLs which, m I8<i4 tiii, attended I and eliareoal by wood jiulp. ^Wnod pulp, owing 
thu transport, or inanufiicturc of lutroglyecnn i to its pliysical propeiiies, has a eushioning effect 


wore followed by u n*action against its us«'. and 
ill thus country by a jirohilntive Act in 18(h). 


in preventing accidental detonation by friction 
or jM’ircussion, and givtvs a eeitam compreasibility 


To render its traiiMport safe, Nobel iiitnxluci'd i to tlie })r()duct whii'li is of advantage in fitting 


tho uim of a Holutiun of nitroglycerin in wood- 
spirit (methyl alcohol); a solution which is not 


the cartridge m a bore holi'. On tho other hand, 
wood pul}) rtuiders tho dynamitice more suacep- 


once starlixl, proceeds with greater certainty 
and regularity. Thin is due to the structure 


expluHive, and from whicii the nitroglycerin wiuh tihle to detonating vibrations, and tho detonation, 
to bo Heparatod by precijutation by water at llic 
place where it was to be used. This methixl of 
ppoteotion was soon abandoned, as the separation ; given io the mi.xture by the })uip, which is 
of the nitroglycerin was troublosonu', and at low sufficiently o})en and louse fur tho detonating 
tem{>ei«turos it erystiillised out from th<< solu- vibrations to penetrate the muss, and affords a 
tion. A further dwadvantage in the ii|e of largo number of points for niulecular attack, 
nitroglycerin is that it may run from the liore- whereivs an ordinary blow is absorbed by tho 
hole into fissures in tlie rock, escajie. dofonation, tnasH owing io lU eompreasibility. Ereer.ing 
and either burn and give off dolcterious oxide* of iiit(*rfenv4 with tlie detonation of these mixtures, 
nitrogen, or, if unbumtsl, be. a grave suurVe of probably owing to the latent heat of fusion of 
danger on removing tho nick. Attempte wore tlie nitroglycerin absorbing some of the energy 


made to ovorcomo this difficulty by lining tlio 
borehole with clay. Subsoquontly Nobel sue 
needed in making tho use of nitroglycerin corn 


of the dotmiatiug wave, but the texture of the 
dynauiito has a very great influence in this 
connection, th# Ahc of detonation being lees 


paratively safe by omploying porous substancos afTecUxl the mi>re granular and open the texture. 


to abaorb tho liquid; to those preparations he 
gave the name Dynamite. 


t'ominon rosin, used m some of the earlier 
dynamites, lias a slow burdening effect on the 


As he had boon experimenting with a mixture mixtures, and in time renders them very insen 
of nitroglyueriii and guniiowder, Nolxd at first ; aitivo to detonation. 


used oharooa! as an a^oroent, and various other 
Hubetenooe wore subsoquontly tried, but be 


Tho })roportion of nitroglycerin in a dynamite 
is limited by tho possibility of exudation. In 


found ‘ kiesolguhr,’ or so-called infusorial earth, the gelatinous dynamites, exudation is prevented 
to be tho bost absorbent of nitroglvcorin (Eng. by tho irclatintsation of the nitroglycerin by 
Pat. 1346, 18f{7). Nobel ori^^afly int^dod solution in it of soluble nitrocellulose. In the 
that the nitroglycoiin should b« sejiarated out lower j/Vados of these explosives wood pulp is 
Main for use, but bo subsequently found that an ingredient, and its presence not only permits 
the dynamite itself could bo more readily less complete gelatinisation of the nitroglycerin, 
detonated than the liquid nitroglycerin.^ , but also the use of sufficient nitrate, or other 
The term ' dynamite ’. has now a more ; oxftlising salt, to give complete combustion 
general slcnlficancei. It is applied to all mixture* , without ftfar of exudation, 
of nltroglycorin with solid substances, 4lbieh (Calcium or magnesium carbonate, up to 
absorb ^d retain it under ordinary conditions . 2 p.c., but usually about 1 p.c., is frequently 
of stora^, whatex'er the nature of the latter; | added to dynamites to act as a stabiliMr by 
but when used specifically, kKicselguhr Byna- j nentralisiiig any acid formed by decompositioa 
mite No. 1 ’ is meant *" I of the nitn^Iyomin on storage, Mid so preveDting 

The absorbent matoial U known ^ -Ike | oatUytio acceleration of the deeimpositfon. 
* baae * or * dope,’ Mid ^ynamitBi maf*be i Zinc or magnesium oxiife is also used fear the 


dad acoordii^ to tlw 


of the baM ittto 1 1 same purpose. Sodium mraanDoninnoarbonats 



vmjomm 


km beea, and »oaMtUBee BtiU », uied m a sUhi* 
liaar, bat tin use of these solnus oarb<mate8 is 
not adviniblo, owing to their hydrolyamg aotioo 
on the nitroglyoerm in the presenoe of moistoie. 


1. DynamiUa with an inert banc. 

Dynamite No. 1 or KieaelfftJ^r dynamite .— 
Kieselguhr dynamite contains from 70 to 80 p.c., 
usually 75 p.o., of nitroglycerin. (Bynamites 
with less thlm 30 p.c. of nitroglycerin will not 
explode.) A small quantity of-alkali, formerly 
1*6 p.c. ammonium carbonate, now 0 5-1 p.c. 
anhydrous sodium carbunsti', is usually added 
to neutralise any free acid that nmy develop ou 
storaf^ ; but alkali is nut always added. 

KifiseJyuhr. The eart.h i.s found in several 
• places; that first used was obtained from 
Oberlohc in Hanover, where there ia an exU'n- 
sive bod of it. It consists of the frustulw of 
diatoms, and is mainly silica; Keckerhinn 
oxaminod some kiosolguhr, and foilnd it to 
contain 95 p.c. SiO,, and its spovilit; lu'at to be 
0*2089. The kieselguhr is moderately calcined 
to remove waU»r and organic mailer, then 
ground and sifUwl. It should be fns! from 
gritty partioI»)s, T^o dried kieselguhr is packetl 
in canvas bags and stored in a dry atmosphere, 
as it is distinctly hygroscopic. Dynamite made 
with a guhr containing mort‘ than about 0 5 
p.c. of water will exude nitroglyconn on storage. 

The kieselguhr used at Ardeer is obtained 
from Aberdoonshiro; it alisorbs thn*e or four 
times its weight of nitroglycerin, retaining it 
under cunsidorablr pressure^. The calcined 
material contains about 98 p.c. SiOg (McKuberts, 
i.c.). 

Manufacture .—Tlio nitroglycerin and kiesel- 
guhr are mixed by hand in shallow lead tanks, 
^y stabiliser is ^ded to the kieselguhr iKduro 
impregnation. The guhr is weighed out into 
the tank, the weighed oliarge of nitroglycerin 
poured over it from a bucket of indiarubber, 
guttapercha, or similar material, the ingredients 
xneaaed, and then rubbed through the mcMlies of 
a coamo wire sieve, to complete the admixture. 
Sometimes two sieves are used, a coarse one 
with about 3 meshes to the and a finer 

one with 7 meshes to the inch. The dynamite 
is then in the form of plastic grains. These 
must neither be dry enough to crumble nor 
decidedly greasy, or the cartridges will not be 
satisfactory. l{ the guhr be too absorbent, the 
mixture be too dry for pressing, and in 
this case a small quantity of barium sulphate is 
usually added, or, sometimes, mica, talc, or 
ochre up to 8 p.c. replacing an equal weight of 
kieselguhr. 

The dynamite cartridges M*e small cyl&ders, 
ui wWoh form they are squeezed out from the 
cartridge machine; the latter is a cylindrical 
motal tube, in which a wooden piston works, 
ptessure being applied to the piston by roeaits 
of a lever. One end of (be tuw is tc^inated 
by a fuonol<shaped piece with orifice of the same 
dimeter as tfai^ of the cartridges. The opera- i 
tion is a dangerous one, and every care nnst | 
he taken to avoid undue friction in the machine, | 
^d the jMte most never be worked if fremn. I 
The oartn^ieiL usnalty either | w | of ui inch ! 
IQ diameter out sometuiMs 1 in^, are eent; 
wn^odin paiohffleot' 


DropurUea .—^Kieselgubr dynamite is a plBstio» 
patty Bubstanoe, the omobr of whiph varies from 
pink or ^y to a dark*brown, according to the 
colour of the base, and whether ochre hm been 
added or not.. The paste is stiff, or soft and 
greasy, aooording to the absorbing power of 
the Ideselgubr. It is slightly compressible, and 
this property rondore it quite safe from detona¬ 
tion oy ordinary shocks. 

Water separates the nitroglycerin from 
oij^inary kiosolguhr dynamite. The specific 
gravity of dynamite is about 1-6. When un¬ 
frozen dynamite is set fire to by application of 
i flame, the nitroglycerin burns quickly with 
j yellowish flame, giving off nitrous fumes. 

! Largo quantities can thus 1 k^ burnt without ex¬ 
plosion; *but eventually the unhumt portion 
I becomes heated to the temperature of explosion, 
j and explodes. When exptjsod to a slowly rising 
, Uunperature, dynamite firtM at about 180^. It 
i can bo safely destroyed by laying it in a long 
I tlun train, pouring any waste oil over tbo train, 
j and tiring it. Dynamite fnnszoH more readilv 
i than liquid mtroglycorin, usually at about 4 . 

! Frozen dynamite burns very slowly, thawing 
' preeodiug combuBti(»n. When a comparatively 
I small heap of frozen dynamite cartridgm is sot 
Hre to. an explosion often ensues, liko nitro¬ 
glycerin, frozen dynamite is less sensitive to 
I shock than unfrozen, and the ordinary detonator 
I does not explode thoroughly frozen dynamite, 

J although onc-tenth part of the detonator 
I chaige is sufficient to (;ause the detonation of 
i unfrozen dynamite (McKoberts, lx.}. 8inoo 
frozen dynamite is comparatively useless as an 
explosive, it must bo thawed or * tomnerod * 
before being used, and this only takes place at 
tempcraturi’H considerably above the feezing- 
point. Thawing is done in special warming 
pans, ip wliich the vessel containing the dynamite 
is surrounded liy a jacket containing warm 
water (at a temperature not above 70*^) and 
this in turn by a layer of felt or other non-con- 
ducting material. When a cartridge of dynamite 
has once been frozen, it has a greater tenden^ 
to freeze again without any supercooling. This 
is probably d\ic to the separation of pure nitro¬ 
glycerin from its impurities when first frozen, 
and only very slow readmixture after thawing. 
Dynamite in less sensitive to shock tlian nitro¬ 
glycerin ; the sensitiveness increases with the 
percentage of nitroglycerin in the dynamite, 
and (like explosivoe in general) with increase of 
temperature. It is detonated by tbo shock 
of iron on iron, or of iron on stone, but not by 
that of wood on wood. Dynamite between 
steel and steel, ^according to Hess, requires a 
blow of 0*75 kgnv.-metre for detonation ; when 
frozen it requires 1 kgm.-metre. In the un¬ 
frozen state it is readily detonated by the 
shock of a rifle-bullet; Berthelot states that 
it detqn^|ee under the direct blow of the boUet 
when fired at 50 metres' (164 feet) dntttce, 
and even more. Placed on an anvil and stroidt, 
it re<^iree a smart blow of the hammer to 
cause an explosion, and then only the portions 
directly struck detonate, the rest beij^g sonttered 
without exploding.* The silicknis skeletooi of 
the frUltules of diatoms compoung the Idaad^pdkr 
fozflt se|ara(e leceptaoles for Urn sikM^gtyoiito, 
and have tf Wihioning egyt t<ya*da g nwehaai- 
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(lividtsd btilwocn Iho abBorbcnl and tho nitro- 
glycorin. Bcrthelot (Siir Ju Korco dcH Matifcree 
oxploaiffl, &i’.) remarks that dynamite ia leas 
cruahin^? in its station that nitroglycerin, because 
the heat evolved on )ts detonation is shared 
between the jiroducls of the explosion and the 
inert substauas tho latter by its presence 
lowering tho Iciuperature. Thus, the spccinc 
hoat of ki<!si'lguhr (0'2) is almost the saniu as 
tho mean K[s!eitie heat of tho gaacous products 
<»f explosion of iiitrogly<’crin ati constant volun^ ; 
m the cjM»o of No. 1 dynamite with 25 ji.c. 
kieselgtihr, in a vohhcI coinpleU'ly filled by it, 
and too strong to be hurst by iU detonation, 
tho kiesolgulir would lower tho tonijjerature 
of tlie gjkHOH by one-fourth, and conaeiiucntly 
diniinLxh the initial presHun-. In blasting, the . 
condition of thi* gases of exjilosion wouhl be ^ 
intermediate between ooiist-ant volume and I 
constant jiressure. Jn using (I\nanii1e, its, 
detonation is efTeeted by means of the e.vjiioKion 
of a mercury fulminate iletonator ami fired 
by an electric cunx'nt or by nieaiiH of Ibckford 
fuse, tlio caj) In'ing enibeddetl in the dynamif'e. 
'I'ho detonator must be suUicienUy powerful to 
ensim^ coniiilelo <letonation of tin* nil.roglycenn, 
or nitrous lumes will be generated in tlio mine 
workings. 'J'ho detonator sujiplied for the 
purj)OH<\ by NoIk'I'h Explosive ('onipany contains 

almiit 0'5 gram of a mixture of 7t) p.e. mercury 
fulminate and IK) ii.e. jiotussiuni chlorate. 

Tho velocity of propagat ion of the detonation 
of this dynamite was mund bv Abel (Trans. 
Koy. Koc. 1874, 384, 385) to be 20,000 feet 
per second. The exjuTimeul was made with 
naif-inch eartndgi'S of ilynamite in a eoutinuoUB 
train of 42 h'et. tlie rate lii'ing measured at in- 
Uirvals of l» fi'ct. by means of Noble's clironoseope. 

Abbot (r.iS. Engineers) obtained from nis 
expcrimenls (Eeport upon a System o( Sub¬ 
marine Miims, Ac., 1881, ill) the remarkable 
rosull that tlie intensity of action of ordinary 
kiosclguhr dynamite eontaining 75 p.e. nitro- 
glycerin, fired umler water, is greater tlian tliat 
fil nitroglycerin. 'Thus, in a senes of experi- 
uientH ho found the intensity of action of nitro¬ 
glycerin detonated under waO'r to be Hi, that 
of an equal weiglit of dynamite lading lOtl. 'Po 
confirm the riwults, nitnigiyeerin was mixed, 
under Abbot's Hupervisioii, with prt'pared 
kioBolguhr into dynamite of 75 p.e., and shots 
wore iwimwliatoly fired under water with lliis 
dynamite, and with tlie nitrogiyeerin from 
w'nich it had been made. The mean of live 
ahoto gave the intensity of tho liquid nitro- 
glyoorin os 86, that of the dynainiic being 100 
(equal weights compared). Ab^ot remarks that 
in blasting hard rock, nitrogiwerin is admitted 
to be by far stronger than dynamite; in explana¬ 
tion he supposes that in dvnomite the particliw 
of kieselgunr slightly rotaro chemical action, and 
that the resistanoe opposed by water^b<^’ng of 
a slightly yielding character, may exact more 
time than is recniirod by pur© nitroglycerin. 
Aocordiug to Abd^s experiments, howevA-, the 
rate of detonation of dynamite is very much 
quicker than that of liquid nitroglycerin,—a 
roBult agreeing with those «of Abbot’s experi- 
luenta, but not wiUi his explanation o^them. 
It is true, Sib Abel points out, that tho do^rmfaa- 
tion of the rate d^ionation of liquid nitro* 
glycerin (w^hich was* contained in an djmi 


trough) was likely to be given too low, owing to 
the tendency of the liquid partiolcs 
from the blow of the detonation, and that 
experiments with confined nitroglycerin would 
bo desirable. , j .i 

Tested by the lead cylinder method, the 
intensity of action of nitroglycerin is 1-4 wh^ 
that of No. 1 dynamite is unity. Von Pischoff, 
in Austria in 1809, comparing the relative 
values of dynamite and gunpowder, found that 
the former was roughly three times as strong as 
gunpowder, variations from 2-4 to 3*3 being 
obtained according to the nature of the rock. 
The nature of the kiesclgubr has some influence 
on the cxjilosivs power of the dynamiter; the 
guhrs eontaining most tubular structures not 
only absorb better, but each of these tubes 
offcis resistance on detonation, and confers 
greater intensity of action by its tamping effect. 

])}fnnifLitc of I’orijew.—Instead of Kieaelgulir, 
in Eranco a .similar siheious earth called Banda- 
Hite (from'Randan in the Puy-dC'D6mo) is used 
as the absorbi'ot in the Vongojj make of dyiia- 
mile. Tnjioli and the ashes of Boghead coal 
liave also theic been employed as substitutes 
for kieselguhr. Analysis of a modern .sample 
gave 75 }i.e. mtroglycwin, 20-8 p.e. randanile, 3-8 
j>.c. (quartz, and 0*4 p.e. magnesium carbonate. 
More rarely D^fnaviii^a Non. 2 and 3 are used ill 
Eranee, containing 35 and 26 p.e. nitroglycerin 
respectively. The American 6'ia«f ‘poxi'dar No. 1 
is dynamite No. 1 eontaining 0'5 p.e. sodium 
carbonate. 

Ma{/u(\'na alba has also been used m the 
absorbent of nitroglycerin, its absorptive 
power being said to exceed that of kiesolgulir, 
and it is a&o said to increase the intensity of 
action of the dynamite by tho expulsion of its 
carbon dioxide. The eonibhiation was tiroposed 
in 1879, by Jones of C-aorplnlly, and named 
Niinnnagnitc or Dynamaijmtr. Its manufacture 
was abandoned, as it was decided that it con¬ 
flicted with the existing patents of Nobel. 

Mcxlifiealions of kieselguhr dynamite have 
been proposed, more especially on the Continent, 
with a view of rendering it safe to use in fiery 
mines : various additions, such as salts con¬ 
taining lnueh•^fater of cryslaUisation, being 
made to reduce the Uimperature of the flame. 
Such explosives arc naturally loss powerful than 
ordinary dynamite. 

In Wdttr proposed by Muller of 

tlio Cologne dynamite factory (Eng. Pat. 
12424, 1887), crystallised sodium carbonate is 
used. Composition 62 p.e. nitroglycenn, 14 p.e, 
kieselguhr, and 34 p.e. soda cry'staJs. 

(Jrisoulite contains magnesium sulphate. It 
is composed of 63 p.e. nitroglycerin, I4’6 p.e. 
kiosolguhr, and 32'6 p.e. magnesium sulphate. 

Nohd Ardcer vofvder is a dynamite of this 
class, for although it contains nitre, it has no 
added combustible. Composition: 33 p.o. 

nftroglycerin, 40 p.e. magnesium sulphate, 13 
p.e. kiesMguhr, and l>p.c. nitre. 

Jdka poM^igr (Abbot, Report upon a System 
of Submarine Mines, &c., 93, 110) consists of 
finely divided mica scales and nitroglycerin. It 
' was made in the United States by Mowbray, 

’ and was largely used, with good results, in com* 
t pleting the Hooeac Tunnel. The adtiwlycerin 
; adheice to the scales, but k not abaorbM by 
I than. Mowbny doiined (hat, owing to the very 
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biM snrfMe exposed, « more instantaneous re- 
aouon is eeoarea than with liquid nitroglycerin. 
He estimates the interetitial spaces at one-fourth 
the volume of the powder vmen tolerably well 
rammed. 

Abbot experimented with a No. 1 mica 
powder containing 52 p.c. nitroglycerin, and 
with a No. 2 containing 40 p.c. ; the chargee 
being detonated under wati^r. He found the in¬ 
tensity of action of No. 1 to Ik* 83, of No. 2 to bo 
02; that of liquid nitroglycerin, in the eaine 
circumstancos, l^ing 81, and that of kii'eclguhr 
dynamite No. 1, containing 75 p.c. nitroglycerin, 
being 100 (equal weights cc)inj)an>d). The result 
is remarlcanle, as it givas the intensity of action 
of the nitroglycerin in mica powder os double 
that of an equal weight of liquid nitrog)y<’erin. 

2 . JJj/namitcJi inth a ('(WthuMibh Bohc. 

In this class the cxphwivo jiower of the 
nitroglycerin is enhanced by the utilisation of 
its excess of oxygen for conihustion of part- of 
the base. There is, however. U considerable 
excess of combustible matter, leading to the 
formation of carbon monoxide on detonation, 
and the dynamites oontivining an oxygen salt 
in a<ldition are more usual. 

(’ork charcoal is vi'ry alworptivo hut costly, 
and the more usual comlmstibli' alworkints arc 
wr>od meal, flour, and starcli. 

CarhodynamiU is a jiri'paration intniduced 
by Messrs. W. I>. Horland and W. K. Keid (I’hig. 
Pat. 758, 188(5). It consists of 1(1 ji.e. cork 
charcoal, which has alMorln^d IK) p.c. nitrogly¬ 
cerin. Sodium or ammonium carbonates and 
water may or may not Ik« present. 

It is claimed for carbodynamitc that it can 
be kept under water for weeks without losing its 
nitroglycerin, which would be a great advantage 
over kieselguhr dynamite. 

As was to be expected from the high per¬ 
centage of nitroglycerin, the intensity of action 
of carbodynamite is very high—much higher 
than that of kiesolguhr dynamite. In one 
variety of carbodynamitc, water was added to 
render the explosive safe enough to uso in fiery 
mines. Another variety. No. ^ belongs to the 
third class of dynamites, as it contains 80 p c. 
nitroglycerin, 34 p.c. nitre, and (5 p.c. cork 
charcoal. 

Orwoidtfc.—Another form of this safety 
explosive contains wood meal as the absorl)ent, 
instead of kieselguhr. Composition: 44 p.e. 
nit^lycerin, 12 p.c. wood meal, 44 p.c. mag¬ 
nesium sulphate. This explosive is on the 
Belgian permitted list. Another explosive of 
this class on the same list is Ihjnamtit aniigri- 
MjHfeuse V, which has tbo same composition 
except that sodium sulphate replaces the 
magnesium sulphate as restrainer and tempera¬ 
ture reducer. The limit charge of the former 
is 300 grams, and of the latter 050 grams. ^ 

Foreiie is the name riven to e^losives 
manufactured in various giUes by the .American 
Foreite Company, New Jersey. The original 
patent (of 1881) describee foreite as consisting 
of nit^lycerin incorporated with unnitrated 
golatinisM cellulose and with nitre. Ckitton or 
othe^ form of ceUnlose was id be purified chemi¬ 
cally 08 in^per making, to ne reduced to 
powder and to M subjected to the aotkm of high- 
pressDie steam, by w^h it was converted into a 


gelatinous mass. It was then allowed to coo), 
and waa. to be incorporated at with nitro¬ 
glycerin and with nitre. One of tlie best compo¬ 
sitions was stated to be : nitroglycerin, 75 p.c.; 
gelatinised cotton, 7 p.c.; nitre, 18 p.c. Dextrin 
and ordinary cellulose in powder might partly 
replace the golatinisod cotton. 

Foreite is described as a hard plastic sub- 
stanop, having very much the appearance and 
toughness of mdiarubber. Economy, non-ezu- 
diftion of nitroglycerin, and imperviousness to 
water, were claimed for it. There is consider¬ 
able variation in the statements as to the com- 
po.^ition of foreite; thus, in one kind the 
gclat.inisoil nitroglycerin is said to be incorpo- 
rat-od with a niixtui'C oomp<«ed of sodium 
nitrate, wood tar. a little sulphur and wood pulp. 
It is made in various grades rontoining different 
amounts of nitroglycerin. Etsslcr states that 
the ty}K* mostly in use (in the United Statys, and 
in 188(5), and which pussesst^ the best qualities, 
is’the No. 1, containing from (56 to 85 p.c. 
nitroglycerin ; also that the quantity of nitro¬ 
glycerin in clitferent grades vari<« from the large 
amount mentioned to only 20-25 p.c. He 
states that quailrujdc-foroe caps are employed to 
explode foroiU*. 

Abbot (U.S. Enginoors) mode estimations of 
the intensity of fondtn exploded under water; 
the int-en.sjty vaned with the grade, lieiween 
88 and 133,'ordinary kinselgulir dynamite No. 1 
being 100 (Addendum If. to Report on Submarine 
Min(«), Belgian and other continental makes of 
foreite contain nitrocellulose, and come in class 
3 of dynamites. 

Foreite antigrinovieu/ie No. 2 has a similar 
composition to * grisoutito.’ 

klicniiih dynamite consists of 75 p.c. of a 
solution of naphthalene in nitroglycerin, 25 p.c. 
of ki(4elguhr, and a little chalk or barium 
sulphate. 

• 

3. Dynamiteif with an Explosive Base. 

Kieselguhr dynamite is much too violent anl' 
local in its effects lu bo used in most mining 
operations, such as in coal-mines or slate and 
granite quaiTios, where great power and shatter¬ 
ing effects are undesirable. As the force can¬ 
not be moderated by reducing the proportion of 
nitroglycerin without increasing the difficulty of 
detonation, the dynamites with an explosive 
base havo graduafly supereeded it for m mlBg 
purposes. 

i. Dynamites with a Totassvum NiiraU Mature 
Base. 

• 

In many of these mixtures the proportion 
of combustible matter is so high that a large 
proportion of the carbon is only oxidised to 
monoxide on detonation. This is objeetionable 
in explosives to be used in mines. The paper 
wrapper of the cartridge has also to be con¬ 
sidered as combustible matter in this connec¬ 
tion. 

Dynamite No. 2 is block in colour, and is 
milder and slower in its action than No. 1. It 
wae ing^uced to iftiitate the ezplorive charao- 
teristia of gunpowder. H consists of fnot ino{^ 
thi^ lAp-fi. of nitrcwlycerin, uniforenly mixed 
with 82 p.*e. of a pui v e r jied pccpaaatlon, oom- 
posed of 71 p.e. pdtassiam mfsate, tv pA 
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oharooal, 1 p^c. paraffin. Scarcely iiaed at aJl in 
this country. , 

DynamU^ No. *1 wa« intomiediato in power 
botwoon No. 1 and No. 2. It oonsietod of a 
mixtun) of equal j>arte of No. 1 and a mixture 
of ])ntaNMium nitrate and worn! meal. 

Jiritmitr No. 2, an Englisl) {permitted 
oxploflivo. cfjntaitiK on the average 24 j).c'. nitro¬ 
glycerin, 30 p.c. potaHsium nitrate, 3K p.c. 
wood l»H5a!, and H p.c. ammonium oxalate. 
Limit charge 24 ozh,, pendulum swing 2'2<) incRon. 

Uetui rock is a modem modiltcaiion of 
' Lithofraoteiir,’ having the ooinjioeition 40 p c. 
nitroglycerin, 40 p.c. nitre, 13 j).c. wood piilj), 
and 7 p.c. pitcli. 

AliOJi ‘itomU‘.r» H\ and (!~\-, os iwed in the 
oonstniction of the I’anaiua Canal, contained 
IM) p.c. nitroglycerin, with wooti pulj) an<l 
nitre, and .’1 ji.c. of magnesia; ('■-{. 40 p.c. 
nitroglycerin, with wood pulp anti nitre and 
2 p.c. of chalk. 

Some forms of WHler dyniDMir conianl u 
similar mixture. A sam^ihr from Wittenberg 
contained 25 ji.e. nitroglvcerin, 35 mixed 
nitrates of potaHsiuni and hariuni, and 40 p.e. 
wood moal. 

Cambrife, on tlie Plngjish authiirised list, 
contains 22--24 p.c. nitroglycerin, 2()-20 ji.e. 
notaMsium iiilrste, 3-4‘5 ji.e. barium nitrate, 
32-35 ]).(!. wood meal, ()-0'5 p.c. culeiuni car¬ 
bonate, 7-11 ]).('. uminonuun oxalaUi, and 3-5 
0 p.o. moisture. Limit cliargi^ 30 ozm., iiendulum 
swiiu 1 '08 inehttH, No. 0 detonator. 

GarhUc, a Enuich dynamite of this clu'iis, 
oontoins 25 p.e. nitrogryccrin, 34 p.c. jxitas- 
fliuni nitrate. 1 p.c. barium nitrate, 38-5 ji.e. 
flour, 1 p.c. puwdon^d bark, and 0’5 p.c. soiliuni 
carbonate. 

Oathonilc, made by Biehel and Hehmidt of 
SoKlebusck, one of the first and most Hu^eeawful 
of Aafciy oxjilosivw for use in fiery niinwi. It 
contams 25-27 ]).o. nitroglycerin, 30--30 ji.e. of 
a mixture of potasKium and barium nitratcH, 
and 40-43 p.e. starch and wood meal, with 
0 5 p.e. sodium carbonate, and 0-6 p.e. of huI- 
phuretted lionzouc. An actual sample contained 
26 p.e. nitroglycerin, 34 ji.e. potoseiuni nitrate, 

1 p.c. barium nitrate, 10 p.c. wood meal, 20*5 p.c. 
rye flour, and 0-6 p.e. sodium carbonate. 

Koica, an English jiermitted explosive, con¬ 
tains on the avi'rage 25 p.e. nitroglycerin, 
2« p.c. potassium nitrate, 5 p.e. barium nitrate, 
34 p.c. wood meal, and 10 p.c. starch. 

SuwT’Kotor is of similar eomjiosition, but 
to onaula it to pass the severer Rotherham test, 
about 10 p.c. of the explosive base is replaced 
by ^umunium oxalate. ,• 

Pihilc No. 2, on the English permitted list, 
contains 23-25 p.c. nitro^ycerin, 28-31 p.e. 
puta«ium nitrate, 33-36 ‘p.c. wo{k 1 meal, 
7-9 p.c. ammonium oxalate, and 2-5-6 p.c. 
water. Limit chaise 32 ozs., penduflinf swing 
2‘16 inches, detonator No. 0. 

also made by Bichol and Sshmidt, 
consists of 68 p.c. nitroglyoerin, 20 p.c. kienel- 
guhr, 6 p.c. potassium nitrate, and 4 p.c. wood 
meal. ^ 

Tulolt on the Btelish permitted IM, con¬ 
tains on 4be average 2o p.o. nitroglyoerm, 33 p.c. 
potassium nitrate, 2^o. -barium nibiatl, 40p.c. 
wood meal? an(f upnb ^*6 p.c. Bodium bicar- 
boftate. > 


Kynile. is a safety explosive of similar com¬ 
position to carbonite. (Jnc analysed sample 
contained 26 p.c. nitroglycerin, 36 p.c. barium 
and potassium nitrates, and 40 p.(;. starch and 
wood meal. As licensed, Kifnite condensed con¬ 
tains 24—26 p.c. nitroglycerin, 32-5-35 p.c. sf arch, 
2-.5-3'5 ji.e. wood meal, 31-5-34-6 p.e. barium 
i nitrate, and 0-0-5 p.c. calcium carbonate ; tlie 
I explosive to bo used only in a non waterproofed 
; parchment-pajicr wrajiper. 

I Kohhv-corbotiH<, a Jtelgian jK'irnittcd explo¬ 
sive, contains on the averagi* 25 p.e. nitro- 
I glycerin, 34 p.c. potassium nitrate, 1 p.e. barium 
; nitrate, 38-5 n.c. flour, 1 p.e. tan meal, and 
: 0 5 p.c. sodium carlionate. Taunt eliartre 
' tMM) grams. 

Mmite is a similar explosive without the 
I barium nitrate and tan meal. 

Dualine contains .50 p.c. lutroglveerin, 2(» ji.c. 
poUvsBium nitrate, and 30 ji.e. Hawdust. 

11 . Diimiin.ite.'i uul/i o So/hiirn N/trale Mirtmc 
; * lidMC 

1 'I’Im' dynamites of tins class, like those with 
i an ainnioniurn nitnvti' base, ari' iiygruseojiie, 

1 Under damp atmosphern- conditions *th<' nitrate 
• (h'liqiK'Hees, and its solution diHplaei's the nitro- 
glycerin, and caiiseK it to {‘xnd(* These dyna- 
I miles are conHeijucntly lialile to U-eome dunger- 
i oiiH, arul although largely used (‘isewliere, wen* 

: for a long time not lieensed in Kngland. Several 
: e.\am])les both of this and the aninionnim 
I nitraU' clase liaye, }iowe\'er, re<'en1.1y lieen 
i permitted. ^ 

; Jndsoi\ ■f.)(t\t'der is an exjilosjve which has 
, been largely used in the Ibiiled States in quaiTv- 
i mg and railway work ; it is a rouglily niadi' 
i Hodiiim nitrate blasting iiowder. the’ grains of 
I whicl) are eoatod witli nitroglyei'Tin. grodi* 
li.H.P. IS the one most commonly used, and is 
sold at the jirieo of common saltpi'tte iilasting 
powder; it is composed of sodium nitrate 04 p c 
sulphur 16 p.c., cannol coal 15 ji.e., nitro’ 

, glycerin 5 p.c. The nitrate, snljihiir, and coal 
i are thoroughly mixed in fine powder, and tlie 
; mixture heated on a pan by steam under iircs- 
I sure, and cofstently stirred until the sulphur 
I molts. The mass is then allowed to cool, when 
I it is found agglomerated in grains, which art* 

. sorted by sieves and coated with nitroglycerin 
: by stirring. The object of coating the powder 
I groins with the* nitroglyoerin was to promote 
I tlie qnicknea.s of explosion. It is exploded by the 
I detonation of a primer of Giant or Atlw powder 
; These low-grade dynamites are readily detonated 
j even in the coldest weather, probably owing to 
I their loose and open texture. Abbot (v. guvra) 
found the intensity of action of the R.R.p. 
grade, exploded under water, to b© 38-30 
kieselguhr dynamite No. 1 being 100. Other 
brands now in use with their jiercentagee of 
witnvlyoerin are: F. 10 p.c,, F.F. 15 t>c 
F.F.F. JO p.c.. Dbl^Ex. 27 p.c., and Tpl Ex’ 

33 p.c. 

Qiant powder No. 2, supplied by the Atlantic 
Giant Powder (h)mpany, and composed of 
nitroglycerin 36 p.c., potassium or sodium 
nitrate 48 p.c., sulphur 8 p.a, resin, powdered 
coal or charcoa] 8 p.o. Exploded^^ water 
its intensity of action was 83 p?a of that of 
dynamite N^o. L A mtwe modArn 
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B p.04 kieaelguhr, and 6 p.o. iulphur. Then an | 
six or more other hnads witn percentages of | 
nitrofflyoenn vaiTing from 20 to 60. | 

yigoriU ocmtaiiu 30 p.o. rntrcglyeerin, 00 p.c. : 
■odium nitrate, 6 p.c. charco^, and 5 p.c. , 
sawdust 

Vukan powder was used in some of the j 
earlier blasting work at Hellgatc, New York j 
Harbour. The usual trade explosive, uf the j 
composition nitroglycerin 30 p.c., sodium | 

nitrate 52*5 p.o,, cl^rcoal 10*5 p.c., sulphur j 
7 p.c., fired under water gave intensity = 7K p.c. ; j 
and a* No. 2 sample containing 35 p.c. mlro. i 
glycerin, gave intensity = K2 p.c. compare<l with ; 
the uau^ standard {Ai>l>ot). 

IMhofracleiir, invonletl by KngelH, and made 
by Krebs A Co., of (iologno, is said to consist of 
55 p.c. nitroglycerin, 21 p.c. kiiiselgulir, and 24 
p.c. of charcoal (bran or sawdust), barium 
nitrate, bicarbonate of soda, {Kuoxido of manga¬ 
nese, and sulphur ; the latter ingredients in such ' 
proportion as to give the highest tenirn'raturo 
and greatest quantity of gas. ‘ Staled to be 
nearly equal in intensity to kieselguiir dynunnte 
No. i (libekmann, Die explosivoii Stoffe). One 
sample gave on analysis 52 p.c. nitroglycerin, 
30 p.c. kioselguhr, 12 p.c. pow(hjre<l coal, 4 p.c. 
sodium nitrate, and 2 p.c. sulphur: anoLlier 
sample contained 70 p.c. nitroglycerin, 23 p.c. 
kiesolguhr, 2 p.(^ powdered coal, and 5 }).c. 
barium nitrate. Tfiw explosive' was formiirly 
on the list of ‘ authorised ' explosives, but is 
not now used in this country. 

Lignin di/narnt/rs. In the United States, 
Urge quantities of nitroglycerin preparations 
are used in nKik-blasting, consisting of nitro- 
gl^erin absorbed by a mixturo of wood ]iulp (or 
of sawdust in some of the lower gradee) and a 
nitrate, usually sodium iiitraU*. For the com¬ 
plete combustion of wood with formation of 
sodium carbonate, about 2*5 parte by weight of 
sodium nitrate are required to 1 of wood. 
General Abbot, in 1885, ‘ Development in 

the United States is at present most actively 
directed to the dynamites with explosive bases, 
BOODomy being sought in making use of the least 
possible percentage of niirog^c^rin.’ At the 
present time these dynamites are very largely 
used under the name. Straight Dynamiter. 
They are graded as of 10 p.c., 15 p.c., 20p.c., &c., 
up to 76 p.c. strength, according to the per¬ 
centage of nitroglycerin they *contain, but the 
actual nitroglycerin content frequently varies to 
a considerable extent from the nominal. The 
sodium nitrate content varies from abou 110 to 54 
p.o., the wood pulp from 8 to 20 p.c., and the 
moisture from I to 3 p.c. Calcium or m^nesium 
carbonate is usually present to the extent of about 
1 to 2 p.c. For the lower grades the combustible 
matter frequently oontains flour and sulphur in 
addition to the wood pulp, but sulphur is 
objectionable in dynamites to be used undef- 
ground, owing to the sulphur dioxide present in 
the prodnots of ezj>loei<^. Their velocity of 
detoution varies with the percentage of nitro- 
glyooin, being, in metres per second, about 2100 
for the 10 p.c., 4200 for the 30 p.c., 4800 for 

40 p,o., and OjMK) for the 76 p.c. 

Tjgnin dviuuxdtee are UigeW manufactured 
the Oi^ B^oaives Works and used in 
Bth Africa utuabt the ruumm Ligdyns, They 
. hiw detemated with No. 5* 0^ 


detonator, and this apparently brings out their 
full poigar { but it is more ususTto use a No. 6, 
1*0 gram, detonator, as the action is then more 
certain. The ligdyiu can still be detonated 
when froEcn, but their full force is not attained. 

Atitu powder iflay bo taken m a type of 
several American preparaticuis. It consists 
essentially of sodium nitrate, wood pulp (or 
sometimes of sawdust), magnesium oarbonate^ 
and nitroglycerin. A scries of grades is made, 
cCntainlng 75 p.c. to 20 p.c. nitroglycerin. 

Abbot ex|K'rimeniod with two grades, A and 
B, of Atlas powder ; they were composed of : 

(Irado A Orade B 

Sodium nitrate . . 2 34 

Wood fibre ... 21 U 

Magnesium oarbonaW . 2 2 

Nitroglycerin . . 76 60 

Fired under water, the inUmHity of grade A was 
just that of an equal weight of kieaelgulir dyna- 
niitc No. 1 (75 p.c. nitroglycerin); whilst the 
intensity of Atlas B was 01 ) p.c. of the same 
standard (Abbot, Addendum II. to Report on 
Submarine Minos). Grade A shows no economy 
in nitroglycerin over kieuelguhr dynamite of the 
Hamo peri'cntag©, probably owing to the too low 
ratio of Bodiimi nitrate to wood fibre. Grade B, 
in which the ratio of nitrate to wood is that of 
complete combustion, shows a great economy in 
nitroglycerin. 

Abel found (by tbe lead cylinder method) the 
intensity of an Atlas powder of American make 
to bi^ 105, kiesolguhr (fynamite No. 1 beiDg<»100. 

Ucrculee powder has essentially the same 
comjiosition os Atlas powder. Several grades of 
it are made in the United States, containing 
from 75 p.c. to 20 p.c. nitrc^lycerin. Some 
years since, two grades were triea uy Abbot, and 
fired finder water; their composition and 
intensitv of action were : 



No. 1 

No. 2 

Nitroglycerin 

77 p.c. 

42*0 p.P. 

Sodium nitrate . 

1 ,» 

43*5 „ 

Wood pulp 

2 „ 

11*0 !, 

M^ncsium carbonate . 

20 „ 

3*6 „ 

Intensity 

100 

83*0 

(Kiesolguhr dynamite No. 

1 being 

= 100). 


Similar American lignin dynamites of this 
class are the various Oiant ‘po^tre, with quan« 
titi(« of nitroglycerin, varying from 20-60 p.o. 
(exclusive of the giant powders 1 and 2 alreMy 
mentioned); Safely nitro powder, containing 
09 p.c. nitroglycerin, 18 p.o. sodium nitrate, 
and 13 p.c. wo^ pulp; Heda powder, made in 
seven grades, contain!^ 75-20 p.c. nitroglycerin; 
Miner» friend, a^d others. !» 

Rhexiie is manufactured by the Borkmtdn 
Co. in 8tyria. One sample contained 64 
nitroglycerin, 18 p.c.' sodium nitrate, *|4 p.o,, 
decked wood, ana 7 pvc. wood meal. ^ ^ 

RAite as licensed by tbe Home Office, tlm 
explosive contains 64-68 p.c. ammonium nitrate, 
13-164>.c. sodium nitrate, B'6-8*6 nitro^^oevin. 
6*6-8‘6 trinitrotoluene, 3-5 p.c. wood mem, ma 
0*5-1 *5 p.c. moisture, uiea in a atott^ 
ease waterproofed wHh oeresin and wax. 

Ko. 2 28 *a Tai^y of thU exploalTe 
confad^Qg sodnun nitrate instead of gjiitMaiinp 
nitilte,^nd in which about 12 ^ of the 
ex^oaive MiM is rephiouMji aagiiom 

Borne forms cd Air 6 ea»te bontahi soidliim 
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nitrate inntead of nitre,. Coal carhmUt/i 1. and 
II. contain relpuctively 25 and 30 p.^ nitro- 
glycerin, 30*5 and 24-5 p.c. sodium nitrate, 30’6 
and 40*5 p.c. rye Hour (containing about 2*5 p.c. 
water), and 5 and 5 p.i^ potasHium dichromate. 
Cartxmile l.A (u>nlainH Hoditfm chloride instead 
of potassium dichromate. 

Photnir fHnvilrrs rcHcmhle tlio above forms 
of earlxmite, They are manufactured in various 
bramis : 


Nitroglycenn 

]. 

30 

IT 

25 

Ilia 

25 

ISiHliiim nitrate . . 

30 

1 

35 

Harium and potiiSHitim 
nitrates , . , 


34 


Ry<' flour 

40 


40 

Wood meal . 

— 

40* 

— 

Sometimes a little nitroci 

100 

niton 

100 

is adi 

100 

led U 


gelatinise the nitroglycerin. 

iii. Di/n/imitrs u'ilh «» Aninu)uht‘n\, 
jW»x/Mrc 

A7MHmui di/namitf won a nilroglycerin pre¬ 
paration proposed and pateiiUvl in 1872 by 
Ohlson and Noirbin, which consisted of nitro¬ 
glycerin 10 p.c, to 20 p.f;.. aiiiinoniuni nitrate 
80 p.c., charcoal 0 p.c. Th<‘ material is dcli- 
(]U(wcfnt, and paraOin was adiled to the inixiuir 
te waterproof it. Herthelol, states that pract ical 
tiosts have shown ordinary dynamitic of tit) 
p.c. nitrogiyecrin, and tlie jireparatiiin eonsiHt- 
»ng of 75 p.e. ammonium nitrate, 3 p.e. char¬ 
coal, 4 p.e. paraHln, and 18 p.c. nitroglycerin, 
to be approximately equal in intensity of 
Action, 

In 1873 the Hritish Dynamite (’o. (now 
Nob<irs Explosive t'o.) subniitii'd two s^niplw 
of ammonia dynamite to the special War Onioe 
Committ-oe on tlnncotton, Ac., containing ro- 
actively 18 and 13 p.c. nitroglycerin, 75 and 
7b p.o. ammonium nitrate, 4 and 7 p.<'. paraffin, 
•ana 3 and 10 p.e. charcoal dust. They were 
unfavourably reported on, on account of the 
possibility of exudation of nitroglycerin on 
storage, due to the deii(juescent nature of the 
ammonium nitrate. As permitted for manu- 
faoturo in thL<> country*, Noliel's ammonia 
powder had the composition : 

No. 1 No. 2 

Ammonium nitrate . 82- 88 ji.e. 78-82 p.c 

Nitrotflycerm . , 7-ff „ 5) 11 „ 

Wooamoal . . „ 8-10 „ 

Mo^ture . . (>‘5-2 ,, 0 5-2-5 „ 

A recent sample of Pidiycr^flmt atmnontum 
contained 20 p.c. niti^giycerin, 25 p.e. 
amdioninm nitrate, 30 p.o. sodium nitrate, and 
19 p.o. dry rye flour. 

' Ammonia dynamites,’ in which part of the 
nitn^lyoerin in the earlier lignin dynamites is 
replaced by ammonium nitrate, are used to 
some extent in the United States. Th^ are 
graded in per cent, strengths like the more 
usual simple nitroglycerin mixtures. The nitro¬ 
glycerin and ammonium nitrate are present in 
roughly equal proportions, ibid the sum ^ their 
psrcentailps corresponds to the grade sTrenfrih 
1 J 1 the lower grades, but in the grtdee 

tiieir comhinecU pH^outages are^somewhat 
l 4 gher than that of nitro^lyoerin in the ‘ straight 


dynamites,’ so as to give comparable strengths. 
Their velocities of detonation increase with the 
strength, but, as would lx? expected, are lower 
than those of the cornsponding ‘straight 
dynamiUsft.’ According to t'oniey, the velocity 
of detonation of the 3d p.c. grade is about 3500, 

I the 40 p.c, about 4100, and the 50 p.c. about 
: 44(K) 'metres jht second. Hw result for the 
(»0 p.c. strength was anomalous, being only 
3tKK> mein's per second. 

! I>u Pool PcrmiMsibh jVo. 1, manufactured in 
the United States and on the j!lnglwh permitted 
list, contains 0 p.c. nitroglycerin, 08 p.c. ani- 
; iMoniiim nitrate, 8 p.c. w'ood pulp, and 15 p.<’. 
i Hodiuni cldondc. Limit cliarge 18 oz.h., pendu¬ 
lum swing 2-82 inches. 

' JlafiUic Xo. 3, nmnufactun*d by t he National 
' IC.xplosives (’o , and also on the jiermitted list, 

‘ contains ajjproximately 5 yi.c. nitroglycenn, 

I 01) p.e. ammonium nitrati*, 5 p.c. wood meal, 

1 10*5 p.c. sodium chlond<‘. 5 jj.c. aminomuni 
I oxalate, and 1 ]».c. imu.Hturi'. Jiimit cliarge 
i 10 07.S., jiendulUm swing 2*44 iiiclie.s. 
j Most modern dvnamites containing annnn- 
I niiim nitrate also contain nitmcotton. wiiicli 
I serves to jirot-cct them from the action of 
moistun’. ^ 

iv. Di/nunkitrs v'Ult a Barium Xiltali Mixliirr 
Hnitr. 

Some dyimnutes. for e.vainjiie, ‘ 

No J,* ‘ Kolu.x,' and ‘ Tulol,' contain barium 
nitrate in adnii.xture with otlicr o.xygcn salts 
in their base. 

Siho IhuMiii is an Knglisli jierinilled explo¬ 
sive containing 17-10 p.e. nitroglycenn, 24-20 
p.e. barium nitrate, 4-1) p.e. wooil meal, 24 27 
starch. 22 -24 ji.e. Francli chalk, and 2- 5 p.c 
moisture. Jdiriit charge 28 or.s., pendulum 
I swing 1'47 ineluw, detonator No. 0. 

I V. IhjnaniUcii mith a Chhraii- Mixture Baf<e. 

Although the sulistitution of a chlorate for 
a nitrate mixture, as an absorbent for nilro- 
glyeerin, iiici-easw the power of the resultant 
! ('Xplo.siv(% it adds the coat, and the explosives 
posKes.H the (fhi1|icrous properties inherent in 
chlorate mixtures. They an‘ not used in tliis 
country. 

) An early example of this class of dynamite 
I was propose<l by^ Horsley, in 1872, in which a 
mixture of finely ground gall nuU and potassium 
chlorate, in the proportion of 1 to 3, was im- 
jiregnated with 20 p.c. nitroglycerin. 

Some modern grades of the American 
I Hercules 'powdexs contain potassium chlorate 
j and sugar instead of the ohfer wood pulp, their 
j comjKwition being ; 40-76 p.c. nitroglycerin, 
j 1-10 p.c. sugar, 1-3-5 p.c. potassium chlorate, 
2-30 p.c, pota^ium nitrate, and 10-20 p.c. 

I magneeiuin carbonate. 

I vi. Dynamites trilK a Pcrc)dorate MixtHte. Base. 

{ Several explosives containing a considerable 
' proportion of nit^lyoerin, p^ly gelatinised 
with a small quantity of soluble nitrocotton, and 
with a mixture of potassium perchlorate and 
wood meal as a base, have <nnng the lost few 
years passed the English tests aalfl have been 
plaoed on the lisi of permitted explosives, 
^ese have been dassified separalely, as they 
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of the previoualv more common 
aniiiin nitrate, and thk ooviatee the fault 
idty. The small proportion of 
hydrocarbon frequently prcecnt is not 
ded primarily as a commistible. but is 
to lower the freezing-point of the nitro- | 

oeriiv j 

The method of roanufacturo is to first sift i 
perchlorate, oxalate, and wood meal, the ! 
former through a 50-lU0-meflh sieve, the | 
ter through a 20-50-mesh sieve, roughly mix ' 
»m by hand in a pan, then to pour over the | 
Idxture the partially gelatinised nitroglycerin, I 
ud again roughly mix. The final incorporation ; 
I carried out in a nitrogelatine incorporator at ! 
t temperature not above 30'". 

Aya •powder contains on the averages 22'5 j 
».c. nitroglycerin, 0’8 p.c. soluble nitrocotton, I 
7'2 p.c. potaasium perclilorato, 25 p.c. am- i 
Qonium oxalate, 11 p.c. wood ilieal, and 3-5 p.c. ! 
li- or tri-uitrotolueno. Limit charge 12 ozs., , 
>endulum swing 2 00 inch(^. l 

Dynobcl, manufactured hy Nolx^Ks Kxj)lo- 
ivee Co., contains 31 •5-33*5 p.c. nitroglyconn, ^ 
)‘h-l p.c. collodum cotton, 20-28 p.<‘. potassium | 
x'rchloracc, 28-5-30*5 p.c. ammonium oxalate, 
^0-l0•5 p.c. wood meal, and 0-1 '5 p.c. moisture, 
jimit charge 22 ozs., pendulum swing 2*()1 
nchee, detonator No. 0. 

Neonal is manufactured by the New Kxplo* 
ivoB Co. in two varieties, Neoiuil contains 
{0-22 p.c. nitroglyoeiin, 0'6-l’6 p.c. collodion, 
lotton, 30-38 p.c. potassium perchlorate, 24-20 
}.c. ammonium oxalate, 14-10 p.c. wood meal, 
1-0*4 p.o. di- or tri-nitrotoluenc, and 0-2 ii.c. 
noisturc. Limit charge 10 ozs., ponduluin 
iwiog 2-50 Inches, detonator No. 0; and 
Scoiud No. 1 contains 40 p.c. nitroglycerin, 
!*8 p.c. collodion cotton, 14 pc. potassium jier- 
ihlorate, 3H p.c. ammonium oxalate, and 5 p.c. • 
trood meal, limit charge 30 O'zs., jiendulum | 
iwirm 2*51 inches. 

Swale potoder is, op the average, a mixture of | 
19 p.c. nitroglycerin, 1 p.c. soluble nitrocotton, 
17*5 p.o. pot^ium perchlorar«* 10-5 p.c. wood 
inoal, 28 p,o, ammonium oxalate, and 4 p.c. 
ii- or tri-nitrotoluene. Limit charge 20 ozs., 
^diUum swing 2*50 inches. 

.Dynamites containing a Nitro Derivative. 

CasifUanos potodtr was an early dynamite 

thih class which contained nitroglycerin, 
aitrobenzeno, fibrous material, and kioselguhr. 
it was claimed to bum easily and rapidly without 
explosion, and to bo less liable to freeze than 
ordinary dynamite. 

Many dynamites contain a small proportion 
of nitrohydrocarbon, added simply for the 
purpose of reducing the freezing-point of the 
nitroglycerip. * 

'RexiU.y already meiftionod, coilbains tri¬ 
nitrotoluene, 

povxier, an explosive on the English 
permitted liat, oootains 4-d p.c. nitroglycerin, 
^7 p.c. irinitmtolueiiB, 5i-d5 p.c. ammonium 
oitraie, 11-13^.0. eodium nitrate, 8-6 p.c. 
wood mealy 18-w p.e. ammonium ox^te, and 
up to 2 p. 0 . mmetura. limit charge 12 oas., 
poadnlnm awing 2*^ iae|0a» detonator No. 6. 

voL. lu—T. m 


and a little ammonium sulphate, 

viii. Dynamites ooniaining Ni'frie Sifers. 

The nitric ester almost invariably used is 
soluble nitrocotton. 

Blasting gdatin. Owing to the tendency of 
nitroglycerin to exude from the dynamites fNXti' 
t lining a base of either kieselguhr or an explosive 
mixture, Nobel continually experiment^ in 
the direction of thickening the nltroglyoerin by’ 
dissolving some substance in it; preferably an 
: explosive. He tried guncotton as early as 1867, 
but it w/ks not until accident led him, in 1876, to 
I try collodion with tho assistance of a solvent, 

: that the problem was solved. He found that 
: 7-8 p.c. of collodion'cotton could bo dissolved 
; in nitroglycerin to form a plastic jelly which 
! was impervious to water (Fr. Pat. 100884; 
j Eng, Pat. 4179, 1876). 8ubsoquently, Nobel 
! found that wikrm nitroglycerin would itself 
^ diSNolvo the collodion cotton without the assist- 
1 unco of a solvent. The resulting explosive was 
known as ‘blasting gelatin’ or ‘nitrogelatin.' 

: It hiks been moiitionecl tliat nitroglycerin con- 
I tains an e.xcees of 3*52 p.<r. of oxygen above 
' that K‘(j[uired for the complete combustion of 
tho carbon and hydrogen of tho nitroglycerin; 
this oxygen is utilised in effocting tho complete 
cumbustion of the nitrocotton, itself deficient 
in oxygen. The compoHition Is consequently 
most jiowerful, and it is also proof against the 
action of water. For the purpose of blimt lng 
hard rock, this class of dynamite has now 
practically displaced tlio previous types of 
dynatnito in England and most continental 
countries. 

(Jsyfnposition. —The relative proportions of 
the two mgrcdionUi vary somewhat. 
gelatin was iinit experimented with on tho large 
i scale in Austria, and the usual proportion ^ere 
! is 7 p.c. nitrocotton to 93 p.c. nitroglyccr^ 

I Tho same projKjrtions are used in Germany, OT 
; England and Switzerland, the nitrocotton varies 
; between 5 and 10 p.c,, usually about 7 p.c, 

! With only 4 p.c. nitrocotton the reiultMit 
I product is a thin liquid jelly. In Italy 8 parts 
I of nitrocotton arc dissolved in 90 parts of 
j nitroglycerin, with the aid of methyl alcohol. 

, The nitrocotton used is the so-called collodion 
I cotton or soluble nitrocellulose, wUch should- 
; bo as dry and as free from insoluble nitrocotton 
I OH p<j8Hiolc. It should have as high a nitrogen 
i content as is compatible with compete Bolu]^ty< 
I in nitroglycean. Tho nitrocotton, for thw 
' purpose, roquii^ vorv special preparation, imd 
{ even now the conditions are not perfectly 
I understood for the preparation of a nitrocotton 
I-fulfilling the above requirements, sikd also 
j giving a perfectly stiff and dry blasting gelatibUi' 

I that will not exude nitroglycerin when stoim 
I in hqb climates. A nitrocotton of the ooiMoi 
I type is, however, essential: stl^ni&g by the 
addition of more nitrocotton of a noor 


is of no value, as the gelatin resurai^,. 
han^when first dUnnuwtured, detwifter- 

ates, and exudes nitroglyeccin ^ 
cd | >oc i^^ ia hot eUmates. It if finMpieira^ 
stabilised by the addiiiaa ol am to % -pjcf, 
oaldum or magneridb oarbonate. ' H^’rrij’ifiiliM 
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aaaoUty mineral jelly ie »oiuetimefi added 
f« same pnrpoee. 

Manufactun .—In the proparatioa of bidaU 
qoanUtiee, the weighed charge of nitroglycerin 
ii intr^uoed into a square, jacketed copper or 
lead trou^, heated by the circulation of hot 
watM. When tho nitroglyocrin is hot, the 
charge of hnely dividod and thoroughly dried 
collodion cotton is gradually added, the mixture 
being stirred with a wooden paddle from time 
to umo fur 2 hours until tho gelatinisation u 
complete and tho jelly in the tanks is sem* 
transparent. The mass is then kneaded by 
hand until perfectly uniform. By using 
mechauic^dly worked wooden paddles revolving 
very slowly, a charge of 2 cwts. of the explosive 
can bo thoroughly gelatinised in about* 1 hour. 
The temperature of tho nitroglycerin is usually 
kept between 35" and 40" ; occasionally, tem¬ 
peratures approaching 45"-50''’ are used, but 
the operation becoinos very dangerous at the 
higher temporaturo, and this is only U8(5d undo;- 
exceptional cirx5um«tanco», when ilje solution 
of the nitrocotUui is sluggish, usually due to 
the nitroootton being damp. 

On a larger scale, the kneikding is done 
mechanically. The apparatus in use at Anleca’ 
at the time is desoiibed by McKoberts in a 

K r read before tlio Society of t!)iemieal 
stry in May, 1890 (J. Soc. Chem. Iiid. 1890, 
297), but most factories now iise the ' nitin- 
universal incorporator' kneading machine's of 
Werner, Bfleiderer, and Perkins, such as arc used 
in the manufactun^ of smokeless powders {q.v.). 

Tile use of a solvent such os methyl alcohol, 
ethyl alcohol, acetone, or acetic ether does | 
away with the uecossity for heat in the process, I 
and also renders tho explosive Ims ‘sensitive : 
and less liable to freeze, but the oxiilosive 
power of the product is also lowered an^ tho ! 
addition is not usual. | 

The gelatin pasU^ wliLlst still warm is finally | 
worked into cartrid^^ by some form of Archi- ; 
medean-screw machine, the mass l>eing too stiff 
for the presses used for onliiiary dynamiU*, such , 
• as that described by McRoberts {l.r.), tho 
resulting rod of gelatin being cut across by 
bronaelcnives into cylinders of the requisite 
length, 3-4 inches, and wrapjx'd in parchment- 
or parafhaed paper. 

Cooking .and Kynoch, Ijtd. (Eng. Pat. 28178, 
1911), mejiufaoture blasting gelatin from wet 
nHrocotton, oontaiiiing 20 -30 p.o. water, by 
with the nitro^yccrin at a temperature 
k 40®-00®. Tho water is driven off by drawing 
the product to and fro between two chambers 
(^ through narrow-diameter jacket^ tubee heated 
P to Uie desired tomperatuio. * . 

PfoperttM .—Blasting gelatin Is a translucent, 
elastic somi-solid of U^t-yollow colour and of 
ap.gr. 1*66 to 1-69. It does not deteriorate by 
Bobmorgenco In water, though it beoom^ l^lor 
in colour and more opaqrue, water not sei^ratuig 
the nitrogWceiin—an aavantage over ki^elguhr 
dynamite No. 1. It freeses at low temperathree ; 
but while some oartridges freese readily at about 
2** to 4 °, "others are Bonietinies found which are 
not froxen by 24 hours’ exposure to the tempera- 
tnie ol a mketure of ioe and salt. If well made, 
Mwrtng gemtin exudes no nifcroglyoerifj e ys 
eftw le^eat^ fieesby and uiawmg, bat 


some products than in others., iilxttdation hw 
frequmtiy been toaced to the use in rftanufaotnii 
of nitrocotton containing even small propcutioiii 
of moistare. It usually shows Hist as a nazxov 
line of free nitroglycerin along the edge of tfai 
inner fold of the wrapper. In the frozen state 
blasting gelatin is more Bensltive to shock; i 
rifle bullet cau be fired through any numbe 
of unfrozen cartridges without exploding them 
but similarly fired through frozen cartridge 
never fails to cause their explosion. In th 
frozen state it is even more sensitive thai 
' ordinary dynamite. Eor purposes of manipula 
tion, it is usually considered necessary to than 
' frozen cartridges before using them, and this 1 
I carried out in the same apparatus and with thi 
I same precautions as with kieselguhr dynamite 
! The transmission of detonation through unfroze] 
I blifcsting gelatin is much slower than througl 
cither nitroglycerin or dynamite, but the frozei 
gelatin cartridges appear to dctonaU> as quickl’ 
as thimc of dyiiatuito. Blasting gelatin canno 
he exploded in teams m the open like dynamite 
but it explodes readily when conlined m bore 
hohvi, and its comparatively slow dctonatioi 
maki's it o8]>ecially useful in blastuig soft rock 
Hot ween sU'ol and sU^cl, blasting gelatin c.xploda 
i under a blow of 25*3 i^iot-llM. Soft blastiiq 
I gi'latin has been exjdoded Ix^tweon brass plat'C 
I by a 5bdb. weight falling 12 foot, the licigh 
I required when the blasting gelatin was frozci 
i being only I foot. From experiments made a 
Ardcer. i'l was found that while kieselguh 
dynamite No. 1 could bo unfailingly oxplodei 
by a detonator (lontaining 0*05 gram of caj 
*nixium (70 ji.c. mercury fulminate and 3< 
[>.c. potassium chlorate), the least quantity rc 
quired to detonate tho best blasting gelatin i 
U'2 gram ; and if the latter is tou^i, with ai 
extra proportion of nitrocotton {e.g. with 9 p.c 
or lU }).c.). it fails to detonate completely evoi 
with a 0-8 gram charge of cap composition 
The velocity of detonation varies with tho com 
position and physical condition. With a 20 
grain detonator, Comoy found that the velooit; 
of detonation rapidly rose from about 2000 nea 
the point of detonation to about 6800 metre 
{>cr second. ViAer poor confinement th 
detonating wave is subject to a steady tali ol 
after reaching a maximum, and a sudden sto 
I may occur if there is any break in the oontinuit, 
' of the explosive. Sort plastic produote ar 
more easily detonafed than hard elastic ones. 1 
is necessary, therefore, in order to got unfailin 
detonations with tough blasting gelatin, to us 
in actual mining a detonator with at leas 
1 gram of cap oompoeition, or to use a dynamit 
primer. BlMting gelatins which are nonni 
consistency when first manufactured, are liabl 
to become hard and insensitive on storage. Th 
opinion usually held is that MjwUtig gelatin ha 
a webbed structure, and that tho product i 
not sufficiently sensitive unless a oonsiderabl 
I proportioit* of the nitoxtglycerin exists in th 
i ungelatinised oondition oetween the wefae c 
! jo^. Hargreaves, who first jtfopounded th 
theory, oonsiden that hlasfilng gelatin is bei 
made by first fonoing a jeO^ with part of th 
nitroglyoenii, and tlitti adding^tbe runaindi 
without getatjnlaation. He oaimBt tiiat tli 
pio^ct maanfaotaiad in this way does ac 






to «xtKfe imder warn storage oon* 
Tlie haydenmg aad isMfiatiTCAeas 
iM^y deretoped oa atonge, wbidi appear to 
t^e place moat readily at moderate tempera- 
tana* are attributed to the alov afaeorption of 
the free nitrcttlyoerin by the ooUodion cotton. 
In emaU quanute, blasting gelatin bums-away 
in the open without exploeion. When gradually 
heated up, it explodes at about 204°; on rapid 
heatiiig, it explodes at 240°. Blast^ gelatin 
vontaining camphor cannot be exploded by 
gradual heating, but bums quickly away (Hess); 

The addition of camphor (about 4 p.c.) to 
blaeUng gelatin deadens the sensitiveness of the 
latttt to shock to a very remarkable extent. 
Rifle shots will not explode soft blasting gelatin 
eontaining 4 p.c. camphor at a distance of 150 
paces. Berthelot attributes this effect to a 
certain amount of elasticity and solidity caused 
in the gelatiD by the added camphor, on account 
of which the energy of the shock of the detonator, 
and the heat into which some uf it is converted, 
are imparted to a much greater mass of sub- 
stanoe than when no camphor is present—a 
condition unfavourable to a sudden and local 
rise of temperature. Before the introduction uf 
* oorasite,’ blasting go^tin eontaining 4 p.c. of 
camphor was used in Austria for military 
purposes as a high exphjsivo. In lUly, 5 j)art» 
of camphor wore adoed tu 100 parts of nitro- 
gelatin containing 8 p.c. of nitrocotton. These 
mixtures were su insensitive to shock that a 
special primer had to be used—in Austria, a 
paixture of uitroglyoerin and nitrohydroceliuloso; 
iu Italy, guncotton. The French * Z)ynaniite> 
gomme, extra forte.’ is a blasting gelatin oun-' 
taining 7-^ p.o. nitrooelluloee. 

Abel found (by the work done in expanding 
the boro of a lead cylinder) the intensity of 
action of Nobel’s blasting gelatin to be at)Out 
100 when a sufficiently strong detonator was 
used, kieeelguhr dynamite No. 1, exploded by 
the same detonator, being equal to 100. Abbot 
found the inteoBity of the same kind of blasting 
^latin, detonated under water and referred to 
iha same standard, to be 142. Hence it is not 
surprising that, although highbrsin price, blast- 

gelatin has to a large extent replaced kiesel- 
guKr dynamite. 

Accoiding to Berthelot, the equation for the 
combustion of blasting gelatin containing 
91*6 p.c. nitroglycerin and $-4*p.c. nitrocellulose, 
the proportion for complete oombustion is : 

eiC,H*(NO,),-fC,4H,,0,,fNO*), 

= 177CO,-f 143H,0+81N, 
heat liberated by the equivalent weight, 
12,360 grama, being 19,381 c^., or 15^ cals, 
per kilo. 

T^ing : Beat ieei .—50 grains of blasting 

C in inti m at e ly mixed with 100 grains of 
oh chalk must withstand the Abel heat tcbt 
at 160° for at least 10 minutes. • 

hufwfuction tesf.-—A cy linder , of equal 
h^ht uid diameter, exposed to a temperature 
of 85®^ to 90°F. for 144 consoontive houie, must 
J^t di nfrie h in height more them ose-fonrth of 
ito onginal he^t, new loee the sharpness of 
Its edges. 

tesf.-<4>n snbisstii^ three times' 
to snrnesiluiL to altemte freestog end Idiawiiigt 
« 9 a to Agjl no tabstoW of ft 


less oonsiatency tban'tbe balk sc^stoto 
out • 

Altboogfa suitable in tunnelitog toff blwtii% 
hard rook and lor nuUtary purposes, btoHliig 
gelatin is too local and Tiolent in its eflbots tor 
most mining operations, and various modiitoa* 
tions were soon made to reduce its M#er. The 
usual way of doin^ this is to make a thinner 
gelatin and knead it into an abaorbing powder. 

earlier absorbents were usually a mixture (A 
wood pulp or ryo flour and either potsssiom or 
sodium mtratc. Many recent oontmental dyna- 
nutes of this class contain ammonium nitrate, 
the explosives being then more powerful. The 
manufacture of these dynamites, which are also 
chcaper'than blasting gelatin, is essentially the 
same as that of blasting gelatin. 

Qdatin dynamiUf m^e by Nobel’s Bzplo« 
si VOS (’ompany, conslste of thin blasting gelatin 
mixed with wood meal and potoBsium nitrate. 
XtH composition is : gelatinised nitroglycerin, 65 
p.o.; j)otassium nitrate, 26*25 p.o.; 8*4 p.o. wood 
meal; 0-35 p.c. soda. The gelatinised nitro-' 
glycerin consists of 97*5 nitroglycerin and 
2’5 p.c. soluble nitrocellulose. As usual, the 
pro 2 >ortions of the constituents vary in different 
samples : another gelatin dynamite' icontaimsg 
nearly 80 p.c. gelatinised nitroglycerin, of abot& 
blasting gelatin composition, 16 p.c. nitre and 
4 p.c. wood pulp. As made at Ardeer, the 
finished explosive is of pale buff colour and is 
very clastic. Abol, by the lead-cylinder method, 
found its intensity of action, when suitably deto¬ 
nated, to bo 127 and 123 (mean 125), ordinary 
kieeelguhr dynamite being 100. 

The French ’ Dynamito-Oomme,* ' Potaase,' 
and * Soude' contain 82>88 p.o. nitroglyoeziQ, 
5-0 p.c. collodion cotton, 2-o p.o, wo^ meal, 
and 9-10 p e. potassium nitrate or sodiuln 
nitrate raspectivcV* 

The manufacture of dynamites of this close 
with wet collodion cotton was patented fay 
Schachtebcck (Ger. Pat. 172651, 1905), the wet 
nitrocotton being treated with glue, dextrin^ 
starch, or Kimilar substance to absorb the 
moisture. An example given is 60 p.o. nitro¬ 
glycerin, 7 p.c. collodion cotton containing 85 
p.c. water, 3 p.c. glue, 7 p.o. wood meal, 20 p.o. 
sodium nitrate, and 3 p.c. ammonium nitrate. 
The 8oc. Bynammit Akt. Ges. (Fr. Pat. 338448, 
1903) suggests the use of carbohydrates solnfaie 
or partially soluble in water, such as sugar 
starch, dextrin, Ac., in gelatin explosivos, a 
plastic instead of a friable jjroduot with a low 
percentage of nitroglycerin being claimed. A 
i composition givqn is 32 p.c. nitrogfyoerin, 0*7 pA 
collodion cotton,* 18*5 p.c. dextrin, 1 p.o. voc¬ 
able oil, 35*8 p.c. ammonium nitrate, 3 p.o. 
ammonium oxedate, 2 p.o. wood meal, 2 jlo, 
sodium chloride, and 5 p.c. alum. 

QAifi-itA is a weaker modifioatioii of yHitlw 
dynamite, its composition being 80-41 |be. 
zutroglyoerin, 4-5 p.c. nitrocotton, ^—9 p.^ 
wooa pulp, about 27 p.o. potasstom n to ito*. 
This explosive is very lately used. It to W 
< quently stabilised as in the ease c€ 

' gelatto An estimirion by Abri <rf itil f 
of aotmn, snitobly detonated to wi 
i| IW, t-e. the same aft tiie J 
gab? dynamte No. 1. # • ; 

The FMMb * aie nl tfali fttoto 

boDtaint 84 p.o. 8 p.e. 
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cotton, 25 p.c. Hodium nitrate, and 8 p.*;. wood p.c. collodion cotton, 33-36 p.c. potaBBium 
meal. B-pohusac, or -switlrr, contains about nitrate, 33-36 p.c. wheat flour, 6-7 p.c. 

67 p.c. nitroglyeenn, 2'6-3 p.c. collodion cotton, monium chloride, and 2-6 p.c. moisture. Limit 
«-« p.c. wood nioal, and 32-34 p.c. potassium charge 38 oze., pendulum swing 2-Z7 inches, 
nitrate, or sodium nitrate, and Goinme E con* detonator No. 6. 

taitu 49 p.c. nitroglycerin, 2 p.c. collodion Oe^ilit is a modem German safety explosive, 
cotton, 38 p.c. potHHsiuin nitrate, 10 p.c, wood No. 1 contains 30-75 p.c. nitrodyccrin jelly, 
meal, and 3 p.c. flour. French ‘ Gelignite ’ con* 6-26 p.c. dinitrotolueno, 7 p.c. sodium chloride, 
tttins'58 p.c. nitroglycerin, 2 p.c. collodion cotton, 18 p.c. sodium nitrate, 39 p.c. dextrin. No. 2 
28 p.c. polassiuni nitrate, 9 p.c. wood meal, anti -contains 30-76 p.c. nitroglycerin jelly, 6-26 p.c. 

3 p.c. flour. dinitrotolueno, 22 p.c. ammonium nitrate, 

Ainmwia \}ilatin A <'ontaiii8 30 p.e, nitro- p.c. sodium chloride, and 21 p.c. dextrin, 
glycerin, 3 p.c. iiitrocotton, and (57 p.c. am- FonlU, a similar explosive, contains 24 p.c. 
numiuin nitrate. nitroglycerin, 1 p.c. nitrocotton, 34 p.c. nitro* 

Ammonia ycUgnilf contains 29-3 p.c. nitro- toluene, 2 p.c. flour, 2 p.c. dextrin, 6 p.c. 
glyocrin, 0-7 p.c. nitrocotton, and 70 p.c. am- glycerin, and 32 p.c. ammonium nitrate: to 
monium nitrat-i-. this mixture is added 30 ji.e. potassium 

(IrmoHtinc Farter, a French safety explosive, cliloride. 
contains 29-1 ji.c. nitroglycerin, 0-9 p.c. collodion Cdtitc is a gelatin dynanute, with the addi- 
cottoii, UH-n p.c. aininonmm nitrate, and 0 6 p.c. tion of anmionium oxalate, having the composi* 
sodium carbonati!. • tion ]).e. nitroglycerin, 2^3-6 p.c. nitro* 

, AntiijriHon contains 27 p.c. nitroglycerin, cotton, 17-21 p.c. potaasjum nitrate, 8-9 p.c. 

1 p.c. nitroeotton, and 72 p.c. ainmoiuuni wood meal, 11-13 p.c. ammonium oxalate, and 
nitrate. 0-5-1-f) p.e. moisture. 

ArkiU' No. 2. an English permitted explosive, (idoxite is a similar explosive whieli contains 
contains on tlu^ average 32 i>.c. mtroglyeerin, 64-()4 ji.e. nitroglyeerin. 4-6 p.c. nitroeotton, 

1 p.c. nitriKTlluloHC, 27 p.e. jiotassium nitrate, 13-22 p.c. potassium nitrate, 4-7 p.c. wood meal, 
10 i).e. W(»od mt^al, and 30 p.e. ammonium containing not more than 16 p.c. and not less 
oxalate. Limit cliarge 40 o/s., p(>ndu!um tluin 6 ji.c. moistui-e, 12-15 p.c. ammonium 
swing 2*41 inches. oxalate, and J ji.e. red ochre. Ochre is some* 

Forcdc. Although the early American for- | times added to dynamiUw to make them re- 
oitw eonUvined unnitrute<l eelluUme, more 1 Humble ordinary dynaimtcjj in appeamncc. 
rocent Hamples, sueli as the Belgian, contain Ilayhlc No. 1, an English permitted expio- 
nitrocellulose, and are simply gelatin dynamites, sive, contains 26-27 p.c. nitroglycerin, 0-6-1-6 
containing from 40 to (56 p.c. of gelatinised nitro- p.c. collodion cotton, 19-21 p.c. potassium 
glyuorin, 4-8 p.c. nitrocotton mixed with wood nitrate. 19-21 p.c. barium nitrate, 12-14 p.c. 
moiU, rye flour or tar, and usually sodium wood meal, (5-8 p.e. mineral jelly, 10-12 p.e. 
nitrate, but in some cH«w ammonium*nitratc or anunonium oxalate, and 0'5-2-5 p.c. moistuie. 
potoHsiuin nitrat<!; I ji.c. magntwja and sulphur Limit charge 10 ozs.. pendulum swing 2-18 
are also usually i»n»ont. Forcife oiitujriaouiniac inclies, detonator No. t>. 

contains 29-4 ’p.c. niiroglycertn, ()•(> p.e. nitro. Ifippilc, an English authorised explosive, 
cotton, and 70 p.c. ammonium nitrate. contains 6(i-fl3 p.c. nitroglycerin, gelatinised 

Carboffduttn I’ontains 38-6 p.c. of nitro- with a small quantity of eollo^on cotton, 
gelatin, 49-5 p.c. nitre, lOTi ji.c. wood meal and jjotiissium nitrate, wood meal, eastor oil, and 
charcoal, and lf» p.c. of magnesium earbonate. ammonium oxalate, and is stabilised by the 
Coronitc contains 38-40 p.c. nitrt)giyccrin, addition of a little calcium or magnesium 
1-1'6 p.c. nitrocotton, 2(5 -28 ji.c. Hninionium carbonate, or fiiifforal jelly. * 

uitraU^ 3-^6 p.e. pot^WHiuin nitrate. 11 14 p.e. Saxoniic, manufactured by Nobels Expio-* 
aluminium stearate, 8-11 p.e. rye flour. 2-4 p.e. sives Company, was at one time on the permitted 
wood meal, 2-4 p.e. liquid parafl-in. and 0-2'5 p.c. list, and the most extensively used of safety 
moisture. ex])losivcs in this.eonntry. It contains 42*5-62 

DuxUe, on the English p(*rniiited list, con- ]i.c. nitroglycerin, 2*6-5 p.c. collodion cotton, 
tains, on the average, 32 p.c. nitroglycerin, I p.c. 1(5-27*6 p.c. potassium nitrate, 3*6-8 p.c. wood 
nitrocotton, 28 p.c. so^um nitrate, 10 p.c. wood meal, 9-27 p.c. ammonium oxalate, and 0-0 6 
meal, and 29 p.c. ammonium oxalate. Limit p.c. calcium carbonate. It failed to pass the 
charge 12 oza., yiendulum swing 2*46 inches. Rotherham tost, but is still used for purposes 
Two Englwh explosives ot this class on tlie other than in fiery mines, 
permitted list, manufaeturwl by Nobel’s Expio- Satmonile, an explosive ol closer limits, was 
sivai Company, are Dyndbd S!o. 3, containing designed by Nobel’s to repla<*e ‘ Saxonite,’ and 
14-16 p.c. nitroglycerin. 0*2fM)*76 p.c. collodion is at present on the permitted list. Its compo- 
witton, 0'6-2*6 p.c. dinitrobenzene, di- af.d tri- sition is : 67-60 p.c. nitroglycerin, 3-4 p.c. 
nitrotolueno together, 61-64 p.e. ammonium collodion cotton, 17-19 p.e. potassium nitrate, 
nitrate, 4-6 p.c. wood meal, 24-26 p.c. sodium 5-7 p.c.'w’ood ineal,«»12*5-l4*5 p.c. ammonium 
chloride, 0-1 p.e. magnesium carbonate, and oxalate, and 0-1 *6 p.c. moisture. 

0-2 p.g. moisture. lumit charge 18 oza, Flowiit contains 68-61 p.c. nitroglycerin, 
pandiwm swing 2*60inches; and i>yno6ei A^o. 4, 4*5-6 p.c. nitrocotton, 18-20 p.c. potassium 
n wooker variety, containing the same irgredi* nitrate, 6-7 p.c. wood meal sp^ified as in 
sate, but frith less urnmnni nm nitrate and more ^loxite, and 11-16 p.c. ammonium oxalate, 
^fodjorn clUoride. limit charge 30 OBS^pCEndulum ,A non •waterproofed wrapper of parohmeait is 
awing 2*36 incho;. C ^ used, and a No. O^tetonator. 

an En^h permitted expio* SyndHt is cm the English pennitted ikt. 
rive, confe^fen 22-24 p.ft. ni^it^lycetin, 0*5-1 *6 It contains 10-22 p.4!^nitr^]yoenn, 0*l-0*3 p.c. 



szPLosivm ^ o 


ooliodion ootton, 46-i9p.cf. ammonium nitrate, 
7*4 aodium nitiat^ £4 p.o. i^lyoerin, 2-6 p.o. 
■tar^ 26-^ p.o. sodium cUond^ and 0-2 p.c. 
moistan. limit charge 40 ou., pendulum 
•whig 2*22 inchee, detonator No. 7. 

Super-Cliffile is manufactured by Curtis's and 
Harrev in two varioties. No. 1 oontains 10 p.o. 
nitroglycerin, les) than 1 p.c. collodion cotton, 
60 p.c. ammonium nitrate, 1(( p.c. sodium chlo¬ 
ride, 11 p.o. ammonium oxalate, 0 p.c. wood 
meal, ana 2 p c. moisture; limit charger 26 ozs., 
pendulum swing 2’6<1 ins.; and No. 2 of slmilai 
composition, except that the sodium chloride is 
increased to 21f p.c. and the ammonium oxaUte 
reduced to 6 p.c .; limit charge ‘10 ozs., pendu- 
lum swing 2*53 ins. 

The pennitUid composition for PhcRiiix 
powder is 28-31 p.c. nitroglycerin, 0-1 p.c. 
nitrocotton, 30-34 p.c. potawium nitmU*, 33-37 
p.c. woo<i meal, anti 2-U p.c. mowturp. 

Safety dynamite contains 24 p.c. nitro¬ 
glycerin, I p.c. nitrocotton, and 7.') i>.c. am¬ 
monium nitrate. 

The uxxxl pulp, so frequently used as an 
ingredient in thewt^ dynainitcM, is made from 
logs usually of pine wood, but occasionally 
from other woods. The logs art' fiecd from i 
bark and sawn mto boartls ; the boards, free ; 
from knots, broken by a machine into small 
piecce and then crushed between rollers. Whore | 
available in suOicicnt tiuantitv. shavings arc 
used. Tho powder is boiled under nrtwsurc with ] 
a solution of sodium bisulphite lor 10 to 12 | 
hours. The pulp is then washed and dried. ! 
The pulp must not be exposed to acid vapours : 
or uvernoatod in tlrying, and should all pass 
through a sieve of meshes to tho inch. It 
should not l>e too fine, or tho resulting dynaniit(>H 
are too dense in oliaracter and dillicult to 
detonate. 

Tho use of non-fermentable starch was pro¬ 
posed by Kynoch (Eng. I'at. 22600. 1901} as a 
substitute for wood meal, m order to reduce tho 
bulk of the explosive. 

Cocoanut jlhrc has lK*en suggostoil by Gon¬ 
salves (Eng. Pat. 4968, 1905) as an absorbent j 
for this class of dynamite, and it is claimed that ^ 
it prevents tho freezing of th^ i^troglyecrin. 

Ouiicoltofi dynamite. In 1807 mixtures of 
nit^lycerin with pulped guncotton, whicli, 
unlike collodion cotton, does not dissolve in and 
gelatinise nitroglycerin, were ])roposod by Abel 
and Trauzl. Abel's mixture was called gly- 
ardine, and was prepared by soaking guncotton, 
with or without nitre, in nitroglycerin. 

TrauzTs dynamite consisted of 75 p.c. nitro* 
glyoerin, 25 p.c. guncotton, and 2 pts. charcoal 
to every 100 of mixture. In 1868 Schultze pro¬ 
posed a mixture of nitrated wood cellulose 
soaked in nitroglycerin under the name of 
‘ duaiin^' 

These explosives, like most other dynamites, 
have been superseded by the gelatin dynamite 
clooB. • • 

Freezing of dynamites .—The comparatively 
hi^ freeaing-point of nitroglycerin, and the 
difficulty in thawing, is a great objection to the 
UM of nitroglycerin explosives. Numerous 
attempts have been made to overcome the 
difficiuty aby lowmng the froheitig-point, hy 
Buitable additions, but srith very limitM 
iiiooen. In SJn^aivI H is nsiw^ to pre* 


I oautions to prevent freesing hv suHaUe storage 
: in warm magadnes, b'Ut in toe United Sta^ 
j and oft the Continent addiUons to the nitro- 
I glyooiin to prevent freedom are common. The 
) addition of nitrohydrocaroons such as nitro* 

I benzene was tried by Nobel and Guttmann, but 
; they found that so large a quantity was required 
to produce any sensible reduction of the fremsing- 
pomt, that the power and sonsitiveness of the 
explosive were seriously reduced. This redno* 
Uon of power is of advantage in safety explosives, 

: and mtrohydrocarbons in small amount arc 
frequently constituents in dynamites of this 
clooB. The lower tho molecular weight of the 
nitrv) body the smaller tlie percentage necessary 
to effect ft given reduction of freezing-point, but 
tho iiitruhydrocarbons of low molocufar weight 
have tho uisadvantage of being volatile. Tho 
addition of nitrobenzene had been previously 
patented in Sweden by Rudborg in 1800, and 
von Dahmen in Austria patent^ a process for 
nitrating glycerin mixed with a small per¬ 
centage of nitrol)onzene. Uinitrotolueno was 
found more efficient, and its use was patented* 
by the Sooit'tto dcs Poudres, &c. Dynamites, 
of Arcndonck in 1903 (Eng. Pat. 14827, 1903) 
and a mixture of solid di- and trinitrotoluene 
WAS suggested by Johnson (Eng. Fat. 26797i 
15K)4). in tho United States low-freezing 
dynamites, such as the Rod Cross Dynamites of 
tlm E. I. du Pont do Nemours Company, are 
manufactured by replacing about one-fourth of 
tho nitroglycerin of the ' stoaight dynamites * by 
a mtrohyd'rocarbon. 

Wohl, in 1890, had suggested the use of 
mono* and dinitroglycerin for reducing the 
freezing-point of nitroglycerin, and in 1004 
Mikolajozak patented the use of dinitroglyeerin 
(Eng. Pat. 8041, 1004); but mono- and di- 
uitr<^lycerin are hygroscopic, soluble in water, 
and expensive, and moreover Will has shown 
that their addition is not very effective. 

Tho Westfalisch-Anhaltische Sprengstoff* 
GesoUschaft, in 1906, patented the use of nitro* 
chlorhydrins and subsoquently the tiitropoly* 
glycerins (feag. Pat. 4057 and 0314, iWl). 
Dmitrochlorhydrin is now used to a large extent 
in German nitroglycerin explosives, such as 
‘ Gelatin Astralit,’ ‘ Gelatin llonarit,’ and * Qela* 
tin Westfalit,' for this purpose. It is easy and 
cheap to manufacture, and mixes with nitro- 
glyoorin in all proportions, and gelatinises 
collodion cotton equally well. Its admixture 
up to 20 p.c. of tho nitroglycerin has very little 
effect on the explosive properties of tho dyna* 
mites. Tho mixture is made by nitratl^ a 
mixture of glycerin and chlorhydrin in the 
! usual way. Dinitrochlorhydrin Is practically 
i insoluble in water, and is not hygroscopic, but 
it has the disadvantage that it ^ves off bydro- 
! chloric acid on explosion, and necessitates the 
1 use , 0 ^ an alkaline nitrate in dynamites con* 

- taining it, if for use underground. Vender 
• proposed dinitroacetin and dimtrofonnbi (Eng. 
j Pat. 9791, 1006), which have the advantage that 
hydrochlorio acid is not one eft the nrodw^ of 
explosion, and Escales (Eng. Pat. zHt, 19071 
used a nitrated eomplex mixture of muno* aod 
di-emorhydrin, di- and tri-glyoe^ and the 
chloE^dnns of these bodies. ^ 

The #iit»ject of the Jower^ of the fineeing* 
i point of Qitroglyoe«n aafi been in ve s ti ga ted fey 
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NMbkhoff (Zeitoofa. ftnge^. Chem. lOOn, 11, GS). | with & hot weak solution of potash, and again 
fie showed thaf the xn^zing-imint of a^nitro* water-washed. 

glycerin explosive can bo calculated from its Von Lenk’s guncotton was used in the fonn 
oompoeition, by means of Kaoult’s formula, of yarn. 

uid that the value of a substanoo for depressing i Abel, adopting Von Lenk’s method of 
the freezing-point of nitroglycerin depended on i nitrating the cotton, made very important im- 
ite molecular weight and not on its .own freezing-I provements in the proceed of manufacture, 
point. He pointed out, further, that the re- | He introduced the use of cleaned cotton waste, 
slitanuo to freezing depended, not only on the i and by converting the guncotton into pulp so 
true froczing-|)oint of the mixture, but also on ! facilitated the washing that it could be effected 
its projwrty of undergoing cooling below ita in two or three davs instead of in six or more 
freezing-point without solidifying, and found ! weeks as in Von llenk’s process. Further, by 
that tno property was best shown in more ' compressing the finished pulp., by hydraulic 
plastic explosives. ' pressure, ho rendered it possible to detonate it 


NlTU0CJ!Lf.ULO8E.S, 

Brooonnot, in 1882, ol«orved tlijit star<’h, 
wfKKly fibre, and other similar sulwtanow, an> 
converted by the aiition of strong nitric ac'id 
into a comoustible product, which lie ctilled 
xyUndinc. Pelouze, in J 88 H, found that starch 
treated with strong nitric acid incn‘anc(i in- 
weight; and tliai pajwr, cotton, and linen, im¬ 
mersed io nitrit; acid of 1-5 sp.gr., bciMmio easily 
combustible. Schonlx^iii, towards the end of 
1845, announced the discovery of a lu'w oxplo- 
Bivo substance, which ho sulisequentiy stated 
to have been obtained by treating cotton with 
a mixtun^ of nitric and sulphuric acids. Bbttgor, 
in August, 1840, found out tlic method of' 
making guncotton, which Sohonhein was keep¬ 
ing secret. The two chemists jointly submitted 
their discovery to the Oermanic (Jonfedoration,. 
but reserved the publication of their method of 

f irenaring guncotton. Several (chemists liaving 
n 1847 independently discovort^d the method 
of proparing guncotton by means of a mi.xturo 
of nitric and sulphuric acids, Schonboin and 
Bdttger then stated this to be their proews. 
The manufac^turo of guncotton was undertaken 
in England. Franco, and Russia; but the earlier 
attempts at manufacture were not satisfactory, 
the importance of purifying the cotton from 
fatty matt-or, and of washing tlie gimcotton 
thoroughly free from acid, not having at first 
been sufficiently, felt to be essential to obtaining 
a safe and stable guncotton. 

Von Lenk. in Austria, between 1849 and 1852, 
made mtukl improvements in the manufacture of 
gnnoobton; and in 1853 a factory was erected 
ondcr his direction at Hirtonl>crg, near Vienna, 
in which land at Reny in Vienna) tho manufac- 
ton was continued until 1805, when the manu¬ 
facture uid use of guncotton were officially put 
a atop to in consequence of the explosion of two 
mogasines. Von Lenk used the cotton in tho 
form of yam; his principal imprevemonts were 
tlm pnrffioatioD of the cotton from oily and 
other matters by boiling with caustic alk^, the 
nitration of the cotton in separate small charges, 
the dividing the operation of nitration into two 
stages: a mort immersion (of some minuter) of 
the cotton in the mixed oedds, the removal of 
the cotton with a sufficiency of absorbed acids, 
and allowing a long time (24 to 48 houn) for 
^ oompletum w nitrotimi, also the careful 
washing df the guncotton to remove free odd. 
To remove acid, the guncotton after its ziitra- 
tton was girled in a cmitrifugol marine, 
washed in copper drums with a luge ni^tity 
of water, then ploaed in^xea hi rvmiiJ(g i^a^bet 
^ fgr ttaue to six weeks, aftM* lirhich it woe treated 


in an unconfined .state. The pulping and com- 
prctwmjj of the guncotton were introduced in 
18(>5 (Eng. Pat. 1102, 1805). 

(Jo?np(mtto7i. — Gmcotlm, when the process 
of manufacture has l)een well conducted, and 
when the strongest acids have been used, has the 
composition of trinitrocclluloso ('eH, 02 {N 0 a) 3 , 
wiicn cellulose is (’eHioOj. 

Tliis composition was deduced by Abel from 
tho roHuJtfl of a largo number of analyses (in 
which 0, H, and N wore determined) of gun- 
cfitton of Waltham Abbey make. The mean 
numbers given by those analyses of the dry 
guncotton, ash deducted, are given below, and 
arc eomi)arod with the percentages calciUated 
for trinikooelluIoHe: 

Mean of analyses C|H 70 d(I 4 ' 0 |)(| 


(Carbon , . 24-57 24-24 

Hydrogen . . 2-4H 2-3C 

Nitrogen . . 13-83 14*14 

Oxygen . . 59 14 69*2(1 


Tho percentage of carbon is slightly raised, aud 
that of nitrogen slightly depressed, by the pre¬ 
sence in the guriuotton of a few per ceuts. of less 
highly nitrated coUuloeo than the trinitro de¬ 
rivative, and soluble in ether alcohol (AW, Phil. 
Trans. 1800, 150, 269-308). 

Tho formation of trinitrocelluloee from cellu¬ 
lose is represented by the equation : 

'-'i,H,o03-t-3HN03=C,H,0,(NOj)j-t-3H,0 
from which 100 pa^ by weight of cotton should 
give 183-3 ports'by weight of trinitrocotton. 

AW (l.c.), as the result of a large number 
of exi)eriments, found a maximum mcreaso of 
82*6 p.c., which is a close approach to the 
theoretic^ 83*3 p.c., and connrms Hadow|s 
previously obeorvM increase of 81*3 p.c. 

Soliihie nitroc^ilvloae .—^Abel founu that the 
part of guncotton soluble in a mixture of alcohol 
and ether is a less highly nitrated compound 
than his triiDtrocellaloee; it approaches in 
composition dinitroeellulose (Proc. Roy. 8oc. 
1866). In a further series of experiments, in 
1868, AW examined the influence on the 
nitration of the cotton of an addition of water, 
; to the acids. Using mixtures of 60 lbs. nitiio' 
acid, sp.gr. 1-42, and 664 lbs. sol^urio add, 
sjkCT. 1 ‘838, without adBiuon of water, and dap 
, with the addidon of 3 lbs. of water, he obtained 
; nitrocottons, which, after repredpitation frMn 
; solution in ether-alcohol, hod pweeZitagea 
of carbon 28*66 and 28*13 respective^ t 
! the oolcolaksd. peroratsge in diiirax>oelhiioe 0 
C«H.0,(N04). big 28*67, • 

I For a lo^ time^ aitsohefiakaw wece divided 
I into two kinds guneottoli. 
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lanliitile idttooellukMie^ aad diattroocUoloM^ 
egfiodioik oot4oo, or aoLuble nitroodhiloao; but it 
wai ok^j ihown in the cordite cmo, Nobel e. 
Attdencm, 1994, tbet there are certainly more 
thaji two oellaloee mtratee, and, further, that 
the eohibUity of the nitnwellnloRe is not in- 
variablv related to the degree of nitration, but 
that Bolubie niteocolluloee can be prejtared con' j 
^moet as much nitrc^en as guncotton. 
Roecoe prepared, for example, a soluble | 
niteocellulose containing 12-73 p.c. of nitrogen, ! 
and an insoluble nitrocellulose with 12-83 p.c. | 
of niteocelluloae. | 

Sder, aa ho was able to prepare niti-ocottons | 
in which the percentage of nitrogen is between 
those corresponding to the above tri- and di- 
nitrooellulose, doubled Abel’s formula), and 
olaimed to have prepared the following five 
varieties of nitrocelluloao :— 

*^iiHj404(N0j), nitrogen ; 

Hexa-nitroeollulose. coiitKining 14-14 ' 
OkH„0 ,(NO,)„ • ! 

Ponta* „ „ 12-75 , 

C„H„0.(N0,)* 

Tctra* „ 11-11 

0„H„0,(N03)a 

Tri. „ „ 11-15 

C„H„ 0 |(N 03 ), 

DU , «-7« 

His hezanitrocelluloHO only wivs insoltible iu 
ether.aJcohol, and is ordinary guncotton. 

Vioillo ((bmpt. rend.. 1882, 132) prepared 
nitrocottons under the most varying conditions, 
and stated that the nitration of cellulose, which 
he assumed to^lw Og«H|o 02 e» took place in eight 
atagos, the products being : 

C,4H„0.(N0 ,)i, Jtrowi. 

Endoca-nitrocelluloso, containing 13-50 


Deca- 


„ 12-78 

C| 4 H*^ 0 j|{N 04 )* 

Ennea- 


„ 11-98 

Octo- 


„ 11-13 

Ca4^4»^ij(NOa), 

Hepta- 

Hexa- 

• • 

10*19 


„ 9-17 

• Ponta- 

• 

„ 8-04 

C,4H.eO,.(NO,)4 

Tetra- 

„ 

„ 0-77 


Of these, the endeca- and deca-nitrooelluloses 
were insoluble in ether-alcohol. 

Berthelot, following Vieille, regards gun¬ 
cotton as Ct 4 Hgg{KO|)jiO,e (mol. wt. 1143). 

He finds the heat evolv^ by the nitration 
of cotton in accordance with the equation t 
C„H4,0,rfllHN0,«C,4H„0,(N0,)„+l],H,0 
to be 11 kgm.-dfgrees per 

1‘143 of guncotton formed. The heat 

of formation of endecanitrooellulose from its 
elemsnts (diamond cwbon, ffasecos hydrogen, 
oinveo, s^ nitarogesi),. Beruolot finds to be 
+M4 kgou-d^prees pw 1*143 bgm., or +546 
hgBu-deg;iqees per 1 ]c^ 

These fotmidje'lm Vieille weve soon ecm- 
tested. Chittmaoh.elslmed to hsve made gon* 
sotton on the Isi^ sce^ oosMidi^ 18*96 p.c. 


nitrogen; HoHsMfth (Zsttseh.. nagstr. dki+r 
1899* ,173) obtained a promtet oodtsltaiiQg 
13*9 p. 0 . nitrogen; and Lange (J. Amer. (Siam, 
Soo. 1901, 527), with an acid mixture nctrtaitrlttg 
63*36 p,c. H,604, 26-31 p.e. HKO,, and ll«8l 
p.c. water, prepared aitKK^uloee wm 13‘M p.o» 
nitrogen, corresponding very clos^ to 

ilodecanitrocelluloeo, oontaining 14*16 'p.o* 
pitrogen; but this sulptaaoe, Ime that wita a 
similar nitrogen content, obtained by nitrathlg 
cotton with a mixture of equal parts of idtrogSB 
; pentoxido and phosphorus ponCoxide (cp. Holt- 
' sema, l.c.), was not stable, and on keemi^(, ^le 
nitrogen content fell to 13*5 p.c., at which point 
it remained constant. In a further seiiM of 
ex[>eriments, Lunge found that when all water 
was eliminated by adding fuming sulphuric acid, 

' the p.c. of nitrogen was not altered, even when 
, such varying ration of HfS 04 to HNOj as 3*8 : 1 
I .to 2:1 wero used. Tassort (Bull. ooc. ohim, 

! 11)12, 1009), by the successive action of cold 
; sulphuric and nitric acids on cotton, has pie* 
i pared a product which he terms a-nitroceHutow, 
' containing 13*5 p.c, nitrogen. It is white* 
easily powdored, insoluble in water, but soluble 
I in methyl and ethyl alcohols, and very unstaUs. 
I Lunge found that with nitrooeliulose of IflSl 
than 10 p.c. nitrewon, the solubility rapidly 
decreoHod and confirmed Vieille’s results that 
below 084 ^si^i 4 (^Os)« products are te 
I soluble. He also found that with dilute acids 
; the products contained oxyoellulose, the pro 
’ portion of the latter gradually increasing untl 
I eventually it was tlie only product. 8apo 
I schnikofT (Zoitsch. ges. Soheiss- n. Spreng 
: Kto5wesen, 1006, 463) shows a close relatiohsh^ 
! between the vapour pressure of the nitric ack 
' in Iho^ixed acids and the nitrogen content ol 
! the products. 

Berl and Klaye (2kitsob. ges. Sohiets* n 
SprongstoiTwesen, 1007, 408) show that Um 
process of nitration of cellulose is a reveaibh 
reaction, represented by the equation: 

0,4H4oO«+«HN03 

5tC,.H40-.O„^NO,). +I.H,C 
And that after a certain mazimom (ulstltatiei 
is obtained, about 13-5 p.o. nitrogen, tiie inl 
phuric acid of the nitrating mixture aotfl aa i 
hydrolysing agent. 

Berl ara Smith (Ber. 1907. 1908) piepafei 
eetere of oelluloae in order to ahow the nnaba 
of free hydroxyl- groupe In the oaUnloae molaottle 
They found it impoesible to infrodnoe more thai 
twelve eubetituted group, into the MUataai 
molecule of eS|,U,,0,,, which agieea with tb 
resulte of Ost ^itech. aj^w. Ohem. 1909. 993) 
and Oteon and Perkin (C£em. Soo. TraM. 1906 
811), but did not euceeed in obtwning a nittO 
celiuloee with a h%ber nitrogen oonMkt An 
13-80Tp.c. • 

Any preparation of nttroecdtoloaSiyai a Mile 
tnre of definite nitrate*, the natsie ef tahUI 
dependa on the natnie of the nitathig IMXMM 
the time and temperatoie of nitnUAK aiM thi 
method of puiification. VfafiUs fCco^t, jMid 
1803, 133) propand nlMoodtaliM MiiMehllM 
up to. 13-7 p.o. nitreg«t by tiie Muail MMie M 
atoned* li^ exaeea,>at tiw MttMM M ll^ 
and (B^ndt, and MhraieifSnMM *tpa|faMi|< 
nae a alxtore ot nmie and Mil^inlB iwMa,, 'B 
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11 probablo th&t the ccthilo9e first reacts with 
tho sulphuric ocid, and that the praduct in 
turn reacts with the nitric acid to Kirnf nitro- 
oellulose. When roucJi wator or sulphuric acid 
is present the proonHn is slow and the nitration 
low. A hijfhor de^rrife of nitration is obtained 
by raising tho t.<'mporature, but this can only 
be done within limitn, or oxycoliujoso and nitro- 
oxyjiollulose are f(»rmed, and part of the cellulose 
is completely broken down at high toinpera- 
turoe. 'I'he (»/Tect of a l^h proportion of water 
in breaking down tlie cotton is particularly 
noticeable. . 

A largo exocMft of mi.vod acids w necessary in 
th** nitration of (‘.(‘IIuIoho, paitlv because of tlie 
bulk of the latter, but also t,o obtain products 
of constant <‘oinposition. Tlie acul mixture is 
cliluloil during nitration, both by the formation 
of water and by tho ulwtraotion of nitric acid 
during the nitration, and both thes(> fact ors tend 
to lower tlie nitrogen contont, of the jiroduet, 
unless tho bulk of the mixed acids is large, '['lie. 
speed of nitration is diminished with increase in 
the quantity of sulphuric acid. 

As far us explosivos are concerned, only two 
forms of nitroc(‘llulo8o need be distinguished ; 
guncotUui or insoluble nitrocotton, and collodion 
or soluble nitrocotton. Tho explosn’c power of 
the nitroeolluhiao is dejxmdent on tlie (iegn>e of 
nitration, and each variety is i^qiannl of flolinite 
nitrogen content according to its ns<-. When 
the Soluble nitmeelhilose is nderrod to in this 
article without qualification, solubility in etbor- 
aloohol ifi always iiiforrcd. 

NitrohydroccMulfkV' and uilraoxyrrUnhi^f^ 
Hydrooolluktfo eellulose being 

w prepared by soaking cotton for 

12 hours in sulphuric acid of 1 -45 sp.gr. at Jri'’, or 
for 24 hours in hydrochloric acid of M7 sp.gr. 
(Girard). Orosa and Bevan preparod pxy- 
O&lluloiio by boiling cellulose with nitric atiiil, 
and found its composition to be C,gH^nO,,. 
The nitro body obtained from it by nitration 
with. a mixture of equal volumes of strong sul- 
pliuric and nitric acids, contained ()-48 p.i*. 
nitnigen, and was given tho formula ; 

((Hiom. Soc. Trans, 18S3. 22). 

Viffnon (flompt. rend. 1808, 13(1) found that 
oryoeJlulose, prepiirod by the aetion of a mixture 

^y^ij^chloric acid and potassium chlorate on 
cellulose, had a constant composition 

noth these bodies, which may be formed in 
the nitration of cellulose, can be themselves 
nitrated. Hydrooelluloee nitrates more slowly 
than cellulose, giving stable but ijtther sensitive 
product®, and oxycellulose gives an unstable 
mtro product. Amorphous nitro products of 
ory* and hydro oelluloee can be proparod by 
trMting oellulose with nulphurio acid containing 
a little nitric acid at a low temperature until "the 
rnaw uecones pasty, then nitrating and purify- 
1^ as usual. Crane and Joyce (J. Soc. Chera. 
IikL 1910, 540), by nitrating cotton with an 
aotd mixture containing 9*0 p.o. HNO,, 65-5 
and -25*5 p.c. H,0, obtained a 
tucrohydrofleUnlose <rf the oomposition e 
'C„H„0„N0.-2H,0 , 

ins(dnU(|^ anatone and etber*aloohol, 
but ioluble in strug amw land caustic lUkiUl. 


Vignon (/.c.) found that nitrocelluloee, prepared 
according to Lunge's formula for highest nitra* 
tion, gave on determination of their C, H, and 
N, results agreeing with the formula 
3C,H,0dN03)3+C,H,0,{N0a)3 

— CjjHjgOglNOQ)!, 

He concludes from this that this so-called 
nitrocellulose Is an oxycellulose derivative, and 
attributes diacropancii« in the results of others 
to the fact that the nitrogen only is estimated. 

Later (Compt. rend. 1900, 509), Vignon 
determined the copper-reducing powers of 
nitrated eellulose and nitrooxyeellulose, and 
found them identical and independent of the 
degree of nitration, and u>s oxycellulose reduces 
cupric pntasli solution, whilst cellulose and 
liydroeellulose do not, concludes that, on the 
nitration of eellulose*, o.vycclluloso is formed, and 
that the jiroduet is really nitroxytrellulose. 

Guncotton. 

] only process of manufae- 

: ture of giineotfon, with some modiHcation in 
detail, w'as for some years the process of Von 
Lenk, as modifiisl and improved hv Abel. 

I Other jirooesses, notably the ‘ Thomson dis- 
, placement ])roe(>HS.’ introduced at Waltham 
I Abbey in 190/5, and tho ‘nitrating centrifugal 
jiroeesH,’ an? now more gcnorally used. 

; I'ntur inutf'rial/i ■. -Althougli many 

forms of fibrous cellulose mat^^rials have been 
' from time to time tried, practically tiie only 
: form of eellulose in general use for tho manu¬ 
facture of guncotton is the cotton waste from 
■ spinning niill.s and other Boimies, New cotton 
i would bo tlu* best raw material for use, but it is 
I too expensive. ‘ (lofi-bottoms,’ tho lost portion 
I of cotton left mi tin* spimiles, and usually in a 
tangled condition, are frequently used for the 
nmnufacturo of collodion cotton, but this again 
is too expensivo for general use. ‘ Lintcre,’ the 
last portion of cotton from tho seed, js largely 
used in tho United States and on the Continent 
for the manufacture of soluble nitrocotton, but 
the dnwstic treatment necessary for tho removal 
I of the adherent seed-husk and resinous matter, 

I and the fennentefTve changes that take place 
in the eollon if left in contact with the husk, 
advereely afloct the quality of the guncotton 
; manufactui'cd from ‘lintera.’ ‘Weaving mill 
[ waste ’ is contaminated with starch, as this is 
: applied to tho warps to strengthen them, and 
can only bo used for the manufacture of nitro- 
! cotton after tho starch has b^n suitably 
removed, as the nitration products of star^ 

, aro unstable. Tho quality of the waste from 
different sources varies considerably, and it is 
important that it should be as pure as possible 
in order to obtain a good yield of pure guncotton. 
The previous treatment of the cellulose has 
; shown by Piest (Zeitsoh. angew. Chem. 1909, 
2 I6) to have conaidorable influence on the pie- 
j paration aad propertiwPof nitrocellnloee. lie 
I product from strongly bleached or mercerised 
I cotton has a lower nitrogen content and higher 
; solubility, and i« more difficult to ataMise 
: than that from ordinary cotton. Hake and Bell 
(J. Soc. Chem. Ind. 1909, 480) showed that the 
physical condition of the eellukae a&icta tlie 
nitration. If the cotton is denae the nitratioii 
is slow, and a lanrer nronortlnn of fJu. MlnlnMU. 
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fUn is fermed vith nsultent loss in yield, 
inge showed that the source of the cotton has 
lile e0eot on the product. Tho visoosities of 
liutions of cotton have been investigated by 
St (Zeitsch. angcw. Cbom. lOll, 18U2) and 
lihen with a view to determining the Buitability 
t the cottons for nitration, and to establishing 
relationship with the stability of the nitro- 
roducts. Solutions in cupraromonium arc 
•ed. New cotton gives more visooua solutions 
lum cotton waste, cspooialJy when this has been 
bemically treated and bleached, no doubt 
fewing to a greater molecular complexity, and 
Me nitrocottons prepared from them give boIu* 
pons in acetone differing in viscoBity in tlu' Hunm 
direction. Piost (Zcitsch. angcw. Chem. UH3. 
Sfi, Ac.) showed that nitrocellulose HoIutionH 
become k«s viserma on standing to an inercfising 
extent the more the cellulose has been bleached. 
This he attributee to the preseneo of impurities, 
such os the esters of oxyoeilulose. 

Formerly the waste was purified by boiling 
with a 2 p.c. solution of sodium carbonate and 
Buhsequont washing, but the mod(‘m purifica¬ 
tion procosH is more complicat'd. Tlie waste is 
first of all do-groas©d by means of a solvent, tln'ii 
boilwl in a kior with a weak solution of sodium 
carbonate or eaustitJ soda, bleached with 
bleachi^ powder or calcium sulphide, washed, 
neutralised with sulphiirK' <»r hydrochloric acid, 
washed again, and finally drit'd. in detail, the 
process of purification varies with the type of 
waste being treated. Ig'vine (J. Ind. Eng. (’hem. 
1910, 208) suggests tho removal of impurities 
by bactorinl treatment. The n'siiltant cotton 
w nearly pure cellulose, with little or no altered, 
OXV', or nydro-celluloKO. It shoultl contain no 
chloride, sulphate, or sulphide of lime, and be 
free from starch, and from cotton dust, or 
‘ fly.’ It contains less than 0*3 p.e. of fatty 
matter, but usually tho uncarded waste used 
in the manufacture of guncotton contains a 
considerable quantity of iinpuritios, such as 
wood, cane, string, coloured threads, metal, 
indiarubber, Ac. These impurities and any 
hard knots of cotton are removed as far as 
possible by handpicking, and the cotton is then 
passed throi^h a ‘ teasing machinf ’ br ‘ willow,’ ; 
a combination of drums armed with sharp- 
pointed teeth, which tear tho threads apart ! 
Mid open out tho knots and lumps. The cotton ' 
ifl picked over again ae it leaver the machine, 
dried fintU the moisture content is about 0-5 p.c. 
on an endless band in a current of hot air, ■ 
which is often first dried over sulphuric acid or ^ 
chloride, and then weighed out in 
3h^^ plaoed in tightly closed receptacles, : 
tnd allowed to coot 

Mixed aeidi. —The acids used in the manu- ; 
facture of Mnootton are of a high degree of 
punty, free from solids, and of maximum concen- ! 

The proportions of acid employed until 
recently those used by Von Lenk, namely. ; 
I part of nitric acid of I *6 spj^,, oontai'niflg not 
than 1*6 p.c. of nitrons acid, and 8 parte of 
1-84-1-86 sp.gr. In other 
■rords, the nitric acid contained at least 93 p.o. 
w monohy<hrate, uid the sii4>hiirio acid 96-96 p.c. 
0 * montAydrate. Tim more modbm mixtuxes 
2*7 Nightly ki eomposition according to the 
™ethod of nitration, and are given nader these 
metlMMlt. 


The experimentf of X<apM (i^e.) have eliovn 
that it is pot necessary to navo xnixtiiM 
contain^ only a few per cents, of irater> uad 
that with acids of the proportion of 811,804 to 
! IHNO,, it is possibie to work with as much as 
I 12 p.c. of water. Not only is the acid mixture 
I cheaper, but hungo agrees with Will that the 
[ nitrocellulose manufactured with the more 
I dilute mixtures is more stable than when pro* 

{ du<>cd by highly concentrated ackls. Lunge 
i also jnvestigaied tho influ^ce of nitrous acid 
I on the quality of tho product, and found that 
I with contents of nitrous acid up to 6 p.o. of 
■ the mi.xcd acid there was praoticaflv no innuenoe 
on the nitrogen content, the solulbility or sta- 
i bilily <»f the product, hut there is some doubt 
: iw to whether the stability of the product is 
I not adversely affected to a slight extent when 
I the projiortion of nitrous aeid is unduly high. 

Most explosive factories have plant for the 
manufacture of the nitric acid, and for the 
! recovery of waste aeiils, tho latter being re- 
vivified and used again. Tho oc'ids are mixed 
in large' ({uantitie^s, analysed, and tho compos!* 

' tion adjuBted to that required, by tho addition 
of Htning acids in tho requisite proportions. 
Nordhausen sulphuric acid or ‘ oleum ’ ia now 
! in common use for decreasing tlie proportion of 
water. ^ 

Mechanical mixing of the acids was at one 
time generally practised, but it was subsequently 
, found tliat a perfect admixture was obtained bv 
running the Hulphuric into the nitric acM. 
However, tho acids are now frequently mixed 
by means of compressed air, moans being 
a(lopt<>d to condense the nitric acid vapours. 

The acids are stored and transferred from 
place to place as already described in the manu* 

' laoturc oT nitroglycerin. 

J\VfrrtfcV>7i.—Liingo (f.c.) has shown that tho 
speed of nitration inirrcascs rapidly, but the 
yield falls, owing to solution of the product in 
the mixed acids, with rise in temperature, the 
nitrogen content of the product varying but 
wlightly. Ho concludes that the ordinary method 
; of nitrating at a temperature not exceeding 26® 
j is correct lor obtaining maximum nitration and 
; maximum yield. An outline of tho nitration 
process used by Von Lenk has already been 
: given. 

AheVs nitmiion ‘process, as formerly carried 
out at tlie Royal (Junpowder Factory, Waltham 
Abbey, and still used in many factoriet in 
England and abroad, is shortly as follows :— 

The mixed acids are drawn off from the 
store tanks into a tank in connection with the 
dipping pans. These latter are of cast iron, 
arranged in a tank* through which cold water 
is circulated to keep the temperature during 
tho nitration below 22®; each nokk about 2Sw 
ibs. of mixed acids, and is provided with a 
grating. • The charge of lb. of cotton it then/ 
by small portions, quickly immecsed in the 
mixed acids, which at WoHham Abbey was 
oomposed of 3 parts of snlphnric add, 96 
and 1 part of nitric acid, 01 p.c., mixed sod 
thorongnly cooled. After an hnmewiem of 
5 or 6 n^ntes, the cotton Is removed to 
grating, and squeezed ^ means of a fevr with 
a plate aUone end. 'the cham, wbiw with 
the acid now*wetehs about6l6 is jolaoed fa 
a'closely coT^eo eaiihlki pot, in wl^ It hi 









mnostm. 


allowed to remwn lor from 12 to 24 hoon, 
dwinff which time the pots are pla^ in oon* 
itM^ flowing cold water. By this prolonged 
action, the nitration of the cotton is coni^ted; 
the cooling Is noodod to prevent complete de' 
composition of the product by oxidation, and 
the maintenance of a low temperature is said 
to be favourable to the production of guncotton 
with a low percentage of soluble nitrocotton. 

Much of thq acids is then removed from the 
guncotton by raeaifr of the centrifugal mAthino 
made entirely of iron, the contents of six pots 
being whiried for 10 minutes at the rate of about 
1200 revolutions per minute. The guncotton 
is then, carried in small quantities in galvanised 
iron pans, emptied out and plunged by means 
of an iron fork or wooden paddle beneath a 
cascade of water, wliioli carries it into a largo 
cistern, where it is kept stirred by a paddle 
wheel, and is washed by fresh water continually 
admitted, until the guncotton has no perceptible 
acid taste,.when it is whirlod in a centrifugal 
machine, with a short washing with water at 
the end of the whirling, after which it is ready 
for the boiling process. The immersion in the 
water has to mi carried put quickly, as the acid 
guncotton is liable to ‘ fume off ’ on slow contact 
with water. The yield by this process is about 
104 p.c. of the cotton nitrated. • 

In the Abel process, there is considerable 
wear and tear of the plant, and there is occa¬ 
sionally loss of guncotton owing to decomp<»i* 
Uon or ' fuming off * taking place in the digesting 
pots. Moreover, there is a considerable expendi¬ 
ture of labour and power involved, and ira- 
prorements have been made to ovorccine those 
wadvantsgcB. 

IHrtict-aippiitif proctss. — In the direct- 
dipping prooHes, as used at Nobel’s factory at 
Araeer, the operation of nitration is ^mplotod 
in one stage. The nitration is carried out in a 
series of iron pots, termed * dippers,’ standing in 
cold water contained in long cooling tanks, the 
pots being closed by coven which lo^ away the 
acid fames to exhaust pipes. Each dipper is 
fed with 127 lbs. of mixed acid, the temporaturo 
of the acid is adjusted to 16'^, and the charge of 
4| lbs. of cotton gradually added, the tompera- 
tnie rising to 25"^. The nitration is allow^ to 
proceed for from 8 to 24 hours, according to the 
composition of the nitrating mixture, the 
temperature gradually falling to 20°. The 
mliM add for a 12 hours' immersion is 75 p.c. 

S irio acid, IS'76 p.c. nitric acid (mono- 
to) and 9*25 p.o. water. The more rapid 
kration, the higher the proportion of nitiio 
add and the less the proportion of water used 
I’Himi the nitration is complete, the contents 
ol the dippers are transfenra to centrifugals, 
and toe waste aoiib whirled out. The gun- 
ootton k then treated as in the Abel process. 
The 3 ridd by this ptoocM is about 159 ^.o. of the 
oottosinmted 

.g toirifih i wf proessa—In this process, large^ 
ContoMot, toe nitration is earned 
iomted itan basket, rotating in an 
easing, the oantrifogal bdnff jacketed 
iton eonted by water oirqul^^ 
t^abdflttedwitoafsiimpa. Tbb 
ntMao^ addii Jli te iMl toe 
ofi7| 


rotating. The effect of toe relation k to JCCh 
dace better contact between ton cotton akd. 
acids, and the nitratiem only ocoB|des Aram 
30 minutes to an hour. When the nitratom k 
comploto, the bulk of the waste add k drawn 
off, and the centrifugal set rotating rapidly, 
the guncotton lieing afterwards * pre-wosbea ’ 
as usual. It is necessary not to re<moe the add 
content too far in the wringing, otherwise the 
charge is liable to ’ fume off.’ The nitrated 
charge is removed by tongs to an automatio 
conveyor, which transfeia it at once to the 
drowning tank. • 

In this process the nitrating acid is about 
fffty times the weight of the cotton charge, the 
composition of the acid being about 23*16 p.c. 
HNOb, 09-36 p.c. HgSOi, and 7-6 p.c. water. 
As this process is more rapid than the * Abel 
process,’ and since the velocity of nitration is' 
decreased by a high content of sulphuric acid, 
it is necotwory that the proportion oi nitric acid 
in the mixed acid should be higher. 

The usual forms of nitrating centrifugal used 
are those of Messrs. Helwig and Lange, of Bruns¬ 
wick, who, in 1904, patented an improved form 
in which the acid is caused to circulate con¬ 
tinuously through the material by means of a 
pump, for the purpose of producing a more 
uniform nitration and avoiding local centres of 
iieating. 

Uubtmann suggested the use of aluminium 
baskets, but, although more aoid-reeisting than 
I the usual cast-iron baskets, the metal was found 
I to be too soft and to get out of shape. The 
; yield by this process of nitration is 160 p.o. of 
, the ootton nitrated. 

j Displacemmi proceM.—Jn 1903 (Eng. Pat. 

! 8278) I M. and W. T. ThomBon, of the Royal 
Gunpowder Factory, patented a now method lor 
i the nitration of cotton which has been used at 
I Waltham Abbey since 1906. The apparatus 
I consists of sets of four circular eartoCTwaTe 
pans, 3 feet 6 inches in diameter and 10 inches 
deep at the side, with a slight fall toward the 
centre of the bottom. They are furnished with 
perforated false bottoms, and are connected at 
their lowest points with a lead pipe ^vided 
i with a stopcock, which leads to tm acid Snp^ 

! pipes, the wpste acid pipe and the waste water 
j pipe. The pans are covered by alnminbiZB 
I hoods with ^me pip^. The process Is as fol* 

I lows: 660 lbs. 01 nitrating acid of. toe oom* 

: position 70*6 p.o. H|80|, 21 p.c. HNO** 0*6 p.e. 
nitrous acid, and 7^ p.a water, adjusted to a 
temperature of from l<r to 15% k nm into one of 
the pans, and the ohaige of 20 lbs. of cotton k . 
gradually added and pushed below toe •ktfaoe' 
of the acid. The codotents aie then oovetx^ 
with a perforated plate in seotioiia, a flow cl 
water cuelully run over the plate, aid toe haaaf- 
hoods remov^ When nHntion k ooii^its^ 
^ter about M hoots, water k steady na cken 
the evteoe of the^aeitk in toe oftnil^ vteadl, . 
and ^ opening the ekqpoock the atfUi 
aUowea to oe dkplaoed at an esnal mte of ahiMk i 
17 lbs. per mhuito. flO pA,) W 

the waste nkd k afiowed to flow book 
etoare tanka, wkwe 'it. k toV ie flkd tklli 
nifate,aoid and ytoithitowi friapluate nekk^ -itt : 


eoaoenteStel’. Warn 


m tppumxfy 

MiM M li xaft4y for Urn beibtg nroote 
la ^ vrooem k abontnO p.o. of 
• «bitto& aifmteo, and the piodiiot is more 
ikttetod than by the Abel prooeeB. 

: SnEie edvanteges of the displacement prooess 
a that feho cotton is dipped more qnickly, that 
b prooetoss of dipping* nitration, reznoval of 
Mne atid* drovning, and water centrifugating 
e ooAdooted more quickly, and in one appara* 
•« tiiat there is no loss of jnodact by occasional 
laming off,* that the exposure of workmen 
io fames is done away with, that there is less 
lots of. aeid, and the recovered acid is cleaner, 
Hbat less water is used, that the cost of labour 
and upkeep of apparatus is considerably reduced, 
and that tne yield is higher, and the product is 
ni<m uniform and stable. 

The improved stability of the product is 
attributed by MacDonald (J. Hoc. Chcni. Ind. 
1911, 251) to the fact that unstable nitro¬ 
compounds are decomposed during the dis- 
plac^ent, as evidenced by a rise in proportion 
of nitric acid in the displaced acid, after a fall, 
towards the end of the process. 

De Brailles (Fr. Pat. 304349, 1900) has 
patented a system of concentrating the acids in 
the nitiator by electrolysis. Voigt (U.H. Pat. 
855869, 1907) disintegrates the cotton fibre 
b^ore nitration by iiamersiog in sulphuric acid 
with only 3 p.o. nitric acid at 2% ana ultimately 
obtains the nitrocellulose in the form of a fine 
powder. 

—After the nitration and pre¬ 
liminary washing, the guncotton is ' boiled^ in 
order to purify and stabilise it. The impurities 
removed are the last traces of free acid and un¬ 
stable products of the nitration. Amongst the 
latter are iU-defined unstable bodies, such as 
nitros^haroses, formed by the action of the 
nitrating acids on the impurities in the cotton, 
and oeOulose esten, other than the higher 
nitrates, such as the sulphuric esteis, mixed 
nitroealphiiric esten, and possibly nitrous 
esten and low nitric esters. The possibility of 
the ptesence of sulphuric esters to unstabinsed 
tdte^wtton was pointed out by Cross and Bevan 
in 1001 ; wd Hake and examined their mode 
of formation and infiumce on the stability of 
td^elluloee (J. Soo. Chem. Ind, 1906, 374; 
1909, 467). Hake and Bell conclude that mixed 
B Wphurio esten exist in all products of the 
nnxation of ocUoloee, and that they are formed 
owin^ to delayed nitration, caused by partial 
■nl^on or g^tinisation of the cellulose by 
B^hnric acid and subsequent fixation by nitno 
■mA T^ a m oun t of sulphuric acid normally 
toed durmg nitration is about 1 p.a, but this u 
Mmeed during the otabUieation to about 0-1 
to 0-3 n.c. 

- found that the stability of nitrocellulose 
moreased by Infireasliig tto amount of yater 
m ^ nitrating mixtuM, whilst iwmfneient 
lowen the stabili^, and that the 
dBoreaMs toor^ of nitragcti 
teiae cl pomnifawtioB of the 
VM totBidto Imve but litile efM on 
whkth vM-eonIntiiw to the onjaion 
at tl» tittt ae to the wy«eel tiie 
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i neieaee |atiiattobflHy. 

ill 1900, pedaled ctot tiw 
biUty of the ionaatioii of aitrovi estoH!, iiiid 
Innn and Bebie have examined thehr htinMOet 
on the stabmty of nitrooetlnlose (Zeitsoh. OBgow* 
Chem. 1901, 639). The nitroae eatfiB an .. 


to a larger extmt by euheeqoent. . „ 

decomposition of the nitrocdluloee. They tos 
BO unstable that they verydbrely ooeur to tiie 
finished nltrocelluloee. 

In the old Abel prooeBB, the guncotton 
received two .boilings by means of steam to 
wooden vats, the water being Beparated by 
centrifugal machines after each boilizm. In 
many factories, a 2 p.c. solution of soto wae 
used in order to reduce the time of boiling, the 
function of the alkali being not so much to 
neutralise residual traces of acid as to decompose 
and dissolve unstable impurities ; but this was 
found to decompose the guncotton^ and was 
abandoned in England, and water only used. 
I'he boiling was suDsequent^ extended; semral 
boilings were used, and the filing prooess B«mi6* 
times lasted 4 or 5 days in all. At Waltham 
Abbey, previous to the introduction of tiie dis* 
placement process, a system of twelve short 
boiling of«gradu^ly increased duration wii 
practised. 

Robertson (J. Soo. Chem. Ind. 1606, 624), 
as the result of numerous experimesits at 
Waltham Abbey, in 1906, with displacement 
guncotton, found that boiling in dilute add at 
the ginning of the process is auperior to an 
alkaline treatment for the elimination of Im¬ 
purities. Uo found that good results were 
obtained when the wash water oontaiiied add 
equal to 1 p.c. of H^SO^ on the guQOOttoa 
present, ahd sufficient should be left in tto gna- 
cotton to give this resulti At Waltham, tha 


water is hard and the dissolved chalk toa 

water sufficiently alkaline for the subsacniant 
boiling. He also found that a better yidd 
a more stable product was obtained oy kmiMr 
periods in the early, and shorter periotu to tito 
later, boilings, aad that a disdaoement wadibm 
at an eariy stage was benanoial. AM a resuil 
of Robertson's experiments, the WaBham 
Abbey system of boiling was far some time a 
series of two 12, five 4, and three 2,boon* 
boiling, with a cold-water washing after Moh dl 
the fiz^ two boilings. At the present time a. 
still shorter period of boiling has been tofvo- 
duced without affecting the stabffl^ eff the . 
product. 

The best systemV boilinjg for any partioitor 
faotoiy has to be de tOToi^ Jre ud 

depends on the natore ol the piodnet «id df 
tile -water rapply. Too ptewooged boilinc 
oansee leaa of nitniwen and iacnaae tiw pW>. 
oentage of tBe lowdf nitrates constitotbig SdiiMlt: 
nitroceUalose (Btuehr, Mem. dm £w«bm #: 
Stlpdties, 189S-6,131).' V 4 

In some faetorim stridHsaWnB it s ft iip toi’ 
by oanjiing oat sente of tile hdfaMS irfSi lp|K 
made veiy d^htij alkaBiie iritii aediditt 'HK 
twnato, aaB. la the Catted Statm odMdI.MdiM-- 
of atiitiiHsati<^6 toa watox hi lf|Aa|ilM||to: 
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obtain a more Htablo product by treatment of 
tlio washed product with a current of care¬ 
fully neutralwad fiU}>erheaU?d water *in an auto¬ 
clave. 

Many have been made for im¬ 

proving on the boiling procces for ntabilifling 
guncotton. Luck and Oroas claim that, for 
the production of nitrocellulose for industrial 
jjurpoHoa, wjuiliing with dilute acetone siabiliHCs 
juon^ quickly than the ordinary boiling process. 
Haddan {Kng. Ta^. C830, IIXK)) claims that 
heating for (> houpi with water under prcHsurc at 
135'^ is equivalent to 100 hours’ ordinary boiling. 
l>ij I’ont (U.S. Pat. 7240:i2, 1!K)3) suggests 
agitating with water and air under pressure and 
suddenly relciising the pressure ; and f?e!wig and 
Lunge (Fr. I’at. :127M03, 1002) intrcuhice steam 
into th(‘ ])ulp(‘d guneolton whilst it is being 
rotated in eimtrifugals, and claim that stabilisa¬ 
tion is v('ry raiiidly eifeeted in this way- 

Pulpim/. —The next ojieration to winch the 
guncottcjn IS subjoc’ted is that of pulping, whieli 
is done* by nu'ans of a slight modification of the 
machine lik(» that known as ‘ the beater,’ wlucli 
is used in pajM'r making for pulping rivgs. The 
pulping take's i) hours, and lias to b<; so (in¬ 
ducted 1-liat the pulp IS not too coarse nor t-oo 
fine. The reduction in tho l<*ngth of the filmis 
allows of the last traces of acid being waslicd out 
of the fibre canals. f Juttiuann lirat introducc'd 
live Htearu into beaticrM, and so enabled the 
jireviouH boiling to be considerably rt'diiccd. In 
modern beatorw, tho wat(»r is constantly renewed 
during tlu' jmlping, and the pulp is frequently 

f lumped over a strainer or ‘ knotter,’ to I'cmovo 
urge pieces. After jiulning, mechanical im- 
jmritiw are removed iroin tlie guncotton, 
usually by passing th(^ guncotton Husjionded in 
a large bulk of wat(*r, through long troughs in 
which the grit M('ittl(«, and is caught inirajM, and 
over el(*ctromagnet« to remove any particles 
of iron. 

Po(t<'hinq. —Tlie guncotton is then U'd into 
large oval tanks called ‘ poachers,’ each liolding 
alxuit 10 ewt-H. of guncott-on and 1100 gallom of 
water, in which a patldle wluil rotates and kco|>H 
tho pulp in agitation. The pulp is washed at 
least three timew, Ixnng ollowc'd to settle, and the 
washing wat(‘r containing suspended iinpuritiee 
removed by a skimmer between each opera¬ 
tion. 

Moulting and pressing. —Tho treatment in 
the poacher Bervf« not only to complete tlie 
washing, but also to thoroughly mix the products 
of a large number of nitrating operations, thus 
securing uniformity of product. If the pulp 
passes the heat test after this treatment, it re- 
oeivee an addition of olkali'Bufficient to leave in 
tho finished guncotton from 1 p.c. to 2 p.e. 
alkaline mailer, calculated as OaCO,. By 
means of vacuum preasuie* the pulp is then 
drawn up into tho ‘stuff cheat,’ « cylindrical 
iron tank, large enough to hold the contents of 
one poacher, and in wliich revolving arms keep 
the pulp uniformly mixed with the water, so 
that it can be dmwn off as reouired to be 
moulded into cylinders and slara. The re¬ 
quisite quantity of suspended pulp i^ found by 
meana oi small measuring tanks, and is run into 
monltb of the r^uiied size and ihape. The 
moulds havei.'bottAe of fine wire ^uxe, through 
which a large part of<t-bo water w sucked from 


the pulp by evacuation. Hydraulic pressure of 
about 34 lbs. per square inch is then appl^, 
which squeezes out some of the water, and gives 
sufficient consistency to tho guncotton to allow 
of careful handling. The mass is then removed 
to the press-house, and there subjected to power¬ 
ful hydraulic pressure of about G to 6 tons per 
square inch. 

Those slabs and cylinders which are to serve 
as primerB {i.e. which are dried and receive the 
fulminate charge, and by their own detonation 
cause that of the moist guncotton) liavc holes 
bored in thorn while moist, to receive the tube of 
tho dc'tonator ; and the slabs of wet guncotton 
may l>e sawn, or turned on a lathe to any re- 
(juireil shajH*. Frimere an' dried at a low tem- 
^y'ratun' and usually watcrjiroofod by dipping 
momentarily in acetone or molten paraffin. 
No alkali is added to gunc^otton when it is to 
be used for tho manufacture of smokeleHs 
jjowders. 

Hollings (Eng. Tat. 23441), 1890) has patented 
a piMCoss of <’omprcsKion whomby largf; tilocks of 
guncotton, sucli os are required iwi a charge for 
large shells and torpedoes, can Iw made in one 
piece of uniform density. 

Moisture'in liest determined by 
placing the sample over sulphuric acid until it 
is of a constant weight. 

Afth .—2 prams are heated with about 10 
grams of paraffin wax, add('d a-s a ix^trainer, 
first on a water-bath till tlio guncotton lias 
soaked up the wax, then gently over a flame 
until tlie mass inflaniori. Tho sourcM* of heat is 
tlu'n removed, and when tho flame dies out tho 
residual carbon is bum(*d of! as usual. The 
ash is recarbonatod. 

AlkahniUj .—10 grama are well shaken with 
an excess of dccinormal hydrochloric acid, 
allowed to settle, and the oxcoss of acid deter¬ 
mined in an aliquot portion of the clear super¬ 
natant fluid with standard alkali. 

SoltihU wi7roccU(d<wc.~-r) grams of the sample 
are well shaken for some time in a stoppered 
cylinder with 200 c.c. of a mixture of 2 parts of 
ether ,^nd 1 part of alcohol, of 0-83 sp.CT., and 
allowed to settle. An aliquot part of the clear 
solution is‘dAwn off, carefully evaporated in a 
platinum dish, and the r(«idue dri^ at a tem¬ 
perature not above 50°. 

l^ncoiwerted coiicnx .—5 grams are well shaken 
for some timejn a conical flask with a large bulk 
of skoctone, and allowed to settle. Tbe clear 
liquid is decanted off, the residue diluted with 
acetone, filtered on a tared paper, washed, and 
drie(l. The ash is then determined and de¬ 
ducted. Boiling with a solution of sodium 
sulphide is frequently used instead of solution 
in acetone. 

Hitroqm is determined by nitrometer (with 
100 c.c. bulb and graduated to 150 c.c.), 0’6-0'0 
gram is dissolvecf in about 5 c.c. of 96 p.e, 
strong sulphuric add in the cold, washed into 
tho kitrometer with a further 10 c.c. of add, 
Ac. 

Heat teat .—^The dried guncotton ^nid 
withstand the Abel heat test (see Stability Ms) 

; at 76*fl®C. (170°F.) for at leaat 10 minutes, 
i properties. —Q\mcotton is an odonriest, 

1 tasteless, uid neutral solid, having an absolute 
j (i.e. when freed from air) specific gravity 1*416 
jat 16-6®. Tlw^ 8|pai«nt specific gravtty Cf «- 
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|th tite included air) of dry compressed Wal* 
lam Abbev gunoottm at i0*6° is about 1 or 
Bttle higner 1; even after very con- 

deu^le presBUTv, a density higher than 1-4 
innoi be obtain^ When dry, guncotton is 
ladily electiiiicd friction. 

Guncotton reta^ the structure of the un- 
Itrat^ cotton. Under polarised light, iiitro- 
Itton exhibits colours which both t'hardnnnot 
ad Liebschutz etato are determined by tlie 
itrogon content, but De Moscntlml and Lunge 
nd that (hardonnet's colours arc not alwavs 
mfirmed, the colour dejKjnding not only on the 
itrogon content, but also on the method of 
reparation. Lunge, liowever, states that blue 
)loui8 are characteristic of nitrocellulose con- 
uning upwards of 12‘75 p.c. nitrogen. ])e 
(osenthaf gives the refraction, of guncotton, 
f 13'5 p.c. nitrogen, as 1-5059, and confirms 
ignon in his statement that guncotton is 
extro-rotatory. 

Guncotton is insoluble in hoi and cold 
ater, alcohol, ether, glacial uceti(’ acid, and 
except the collodion cotton conliml), in a 
lixture <*f alcohol an»l etli'T. It is al^x) in- 
iluble in nitroglycerin. Jt is readily soluhle 
1 Qcctonc, ethyl acetate, amyl acetate, nitro- 
piizene, &c. 

(Juncottnn is not attacked by diluti* acids, 
ut it slowly dissolves in strong sulphuric acid 
'itb the formation of cellulose sulphate and 
Ul>eration of nitric acid. Strong nitric u<'ul 
violently oxidises, and may inflame, guncotton. 
Dilute alkalis, cspoi'iiiiiy ammonia, and alkaline 
carbonates, dccomposu guncotton slowly, ns- 
{jccially when warm. hS’cn chalk iTifluoncos 
guncotton unfavourablj’, but it is the least un¬ 
satisfactory of tho neutralising agents a(id(‘d to 
guncotton, and quantitie.'* up to 2 ji.c. liuve no 
appreciable effect on the stable life of a wet gun¬ 
cotton ; its neutralising cfTeet on any acid 
liboratod during tho storage of guncotton out- 
woiglw its slight saponifying action. , 

Silbc.rrad and Farmer ((.'hem. Soc. Trans, j 
190C, 1759) have e.tainincd tho hydrolyHis of ' 
guncotton in alkaline solution. Tlicy find the 
maction complicated by the redift-.tion of some 
of tho nitrate, to nitrite, and the degradation of 
the cellulose to hydroxy- acids, A-c. 

Guncotton is leconvcrted into cotton by the 
action on it of alcoholic potassiuni huljihydratc. 
This rt>action, due to Hadow, was found by Alicl 
(l.e.) to give 53-0 p.c, to 55-4 p.c. cotton; tri- 
nitrocellulose should give 54-54 p.c. cotton. 
This reaction is of great importance, as it show’s 
that guncotton (like nitroglvcerin) is a nitric 
eater, yielding on reduction tlic liydroxjlic body 
from wliich it was formed, and not an amino 
derivative.* Jt can therefore be represented as : 
C,H,0,f0N0,)3 

Air-dried (air under ordinary conditiona) gun¬ 
cotton retains betw-ecn 1 -5 ai^l 2 p.e. of mature. 
In this condition, on application of fiame, a 
cylinder of compressed guncotton bums in the 
open air very rapidly with a long and fierce flame 
Without smoke; the flame being c-olourod yellow 
by the sodium salts. The rate of combustion of , 
the guncotton varies with its condition; thus, 
guncotton pUit in the form of a flat tube bunui 
much more quickly -Uuin gurmottun yun. 
When dry and heated to abqnt 100% guncotton 


bums with almost explosive vlolenoe. The 
guncoHon, «s it leaves the hj'draulio pren, 
contains about 15 to 17 p.c. water, and la then 
; not combustible; when held in a flame, it only 
! smoulders as it partially dries, 
j Briskly heated in small quantity in the form 
of loosely twisted yam, guncotton was found 
I to ox^iluae at 150^* (Abd). Tho exact ignition 
jioint varies with the physical condition of 
the gimcotton and tho method of determina¬ 
tion.^ 

Guncotton can be exploded by percussion; 
but when struck by an iron hammer on an iron 
anvil, the portions diroctly struck by the hammer 
detonate, put the rest of the guncotton remains 
unc.vpioded, Wooaen boxw containing dry 
compressed guncotton, both closely and loosely 
paclccd, have b<'en rojioatedly fired at from 
rifi(!H, the result Udng that the eon^nts of the 
bo.\ were generally iiiftamod, but never exploded; 
while similar packages containing dynamite or 
other nitroglycerin preparations were alwayw^ 
violently exploded by lieing fired at (AbeL- 
Trans. Boy. Soc. 1S74, 350-302). The uss jjjT' 
moist guTK'otton has rendered any danger Iroin 
shock still inoA' remote. ' - 

Properly stabilised guncotton is a safe and 
]>ornianent oxjiloKivv when stored under normal 
conditions. e8]iecially when wcl; many samples, 
well over 30 yoans old, have shown practically no 
signs of duUTioration. WqI guncotton Ntured 
in air-tight vessels, cspocially wotKien.ones, is 
liable to the formation of fungoid and mould 
growths on its surface. The guncotton is fre¬ 
quently dipped in a weak alkaline solution of 
phenol to jirevcnt these growths. 

L'ndor certain conditions, os when stored 
in (!oniact with organic. sulMtancos at rather 
elevated temporatun‘s, guncotton may be dc- 
corniiosctT by denitrifying bacteria, with tho 
production of ammonia, nitrogen, and carbonic 
acid. 

I^Kyhu'le a?id hcot of (Oinfivslion. Gun¬ 
cotton docs not fonlain suflioieiit oxygen for 
complete combiwtion into COj, HjO, and N ; the 
cciiiation 

2('aH,U,(N03)a fOO==12CO,-i-7HsO+ON 
shows that cellulose trinitrate remiirrs 24*3 p.c. 
more oxygon for complete combustion. Car- 
boni(! oxide and hydrogen are, therefore, natur¬ 
ally to bo expected in quantity in tho gases of 
combustion. 

In the flaming eorobiistion of guncotton, 
when the gases were allowed to escape freely 
at nearly atmospheric pressure, Sairau and 
Vii’ille found a lafgo quantity of nitric oxide, 
NO, in the gases; about one-fourth of the 
volume of the dry gases. 

When the guncotton is inflamed in a doaod 
vessel, in which the gases of combustion cai:»e 
a roodcfkt^ pressure, no oxide of nitrogen is 
' formed. Von Karolyi exploded guncottc^n, in 
quantities of 10 grams, in sntaU east-iron 
; eylinders of such strength os just to yield to the 
I pressure of the gases product by tne combse- 
' tion. These cylinders containing the gim¬ 
cotton iA:re made air tight, jnoviaed with tiie 
means of inflaming the guncotton an 
elect licalljP hpated p1atuiun|^wire, and enobeed 
in a Bphmo^ sh^ of abm 0 litres capae^, 
which was exhausted b^re the expkflioiv aim 
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in which the j>ermflrueot ciplo^ion gases of the 
guiootton proBucod an oxccee of .pressure of 
about half an atmosphore, which enabled portions 
of the gasw* U) bo removed, by rae^ of a stop* 
cock, for analysis. Von Karolyi found tno 
permanent gases to consist of CO;t 28'5, CO 39‘ 8 , 
CH| 9-9, H 4-4, N 17-4 volumes per 100 (Po^. 
Ann April, 1803). Abel repeated Von Karolyi s 
experirnente, and found ac<*tylcno always 
present in considerable quantity in tfie gases ; an 
analvsis of the |)ermanent gases tihtainec# from 
10 grams of guncotton in two different exi>ori- 
ineuts is given 

KxiK.>riinent 1 : COj 19-Ott, (K) 30 K7, 

7-8r., CH 4 3-45, 11 i:rS2, N 13-32 vols. per 

100 . 

RxporinM!nt 2:*('0^ lK-97, '11-80. (\H j 

0-3(i, (UI 4 387, K 17'02. N 11-98 vol«. per 
UM). 

Samiu atid \'ieino (('om])t. rend. '.M), 1058) 
have asoertainod the voluiiie (at 0 ' and 7(>0 mm ) 
and the emuposition of the perjnanent gast^s 
produee<l by the explosion of guncotton in a 
closed vessel, and find that both vary with the 


/vohimfl lit Himciiitoin 


demit,y of tl.o ehar^.e ^ 

with the presauTo ensuing on the <'\|.Iosion, The 
following aie some of the nwults obtaiuod:— 



Dsusity of 

Viiliime of (iit 0’ 

anil 760inm.)glY«u by 


('liurgK 

1 griun (luncotlou 

(1) . 

. 6-01 

658*5 I'.r*. 

(2) . 

. 0*023 

670-8 „ 

(S) . 

. 0*2 

682*4 .. 

(4) . 

. 0,3 

— 


of fhf f/n-fca prr 100 vohime 

( 1 ) ( 2 ) 

21*7 24-0 


Comjmilton 


CO. 

VO' 

11 

N 

Clf4 


49-3 43'3 

12-7 10-2 

10-3 15-9 

none trace 


(3) 

0) 

27-7' 

30-6 

37*6 

34*8 

lH-4 

17-4 

15*7 

15*6 

0-6 

1*6 


With theec higher pressuros. equivalent. Ui 
higher teiujicratorcs, tlic ooinpositioii of the 
gases is simplor ; they contain neither acetylene 
nor oxide of nitrogen, and wdth increuso of 

S ressuro there is increase of OOj ^nd H and 
eorease of CO ; oxidation of ('0 by H.jO evi¬ 
dently o< 5 ourring. and the composition of the 
gasos being the result of a balance bct.wecn the 
oxidising action of HjO on (^ 0 , and of tlio re- 
duoing action of H on COj. 

Sarrau and Vieille, using Berthelofc's formula 
for guncotton, equate its aeponiposition by ex- 
liloaion thus: C.,H„(NO.)„0„: 

(rt) When density of charge is 0-023 : 

«=15COd-9CO,d-UHd-9H.Od-llN ; 

( 6 ) When density of charge i-* 0-3 : 

«l»C0 + nC04+15H4 7H|0 + 11N ; 

the reaction wi^ high density of charge (whieii 
vfould be the oondition in actual use) tends to 
B|kproaoh the ntult: 

(c) l 2 CO+ 12 q^+nH+OU,p : UN 
The ^(eeuiftnt of the aquations with the leaulta 


of analysis is, however, only moderately approxi* 
mate. 

' For equation (ri) the calculated quantity of 
heat evolved for constant pressure (for constant 
volume, the quantities of heat are about 
higher), unci the volume of the gases reduced to 
0® and 700 mm. (per 1 kilogram of dry and 
asb-free guncotton), are as follows, compared 
with Sarrau and Vicille’s experimental values :— 


Quantity heat 
' cateiilated 

Wivter, liquid 1076 
Water, gaaeoua 997*7 
For equation (c): 
W’ator, liquid 1074 
Water, gaseous 1022 


Calories Volume gas Lttras 
{ound calcuUtod found 
1071 684 687*51 

— 859 — 

— 743 — 

— 859 — 


Cuneotton, therefore, on explosion, gives (for 
equal weights) more gas and a greater quantity 
of heat than gun]»ow'dcr -or mining powder, more 
giws but a smaller quantity of heat than nitro* 
glyctirin. 

The licat evolved by the eompleto cumbustiou 
of guncotton in oxygen gas, and under constant 
pn'ssiire, was found liy Sarrau and Vieille to bo 
|K'r 1 kilogram of guncotton 2302 kgm.-dcgreos 
when the water formed was liquid, 2177 when 
gaseous. 

Mobil' (Leisure to Inst. Civil Engin. April 3, 
1884) obtained more permanent gases from 
detonated ])ellet guncotton than did Sarrau 
and Vieille with low ilensitit^ of charge. Thus 
I he states that I kilogram of guncotton (con* 
taming 2*36 ji.c. moisture and 0*30 p.c. ash) pro* 

! duces, at O'’ and 700 inin. pressure, about 730 
, litri^s of permanent gasos (water, liquid); or, per 
I kilogram of dry and ash-freo guncotton, 
about 750 litres of permanent gaiies. The gases 
wore produced in tho stool explosion vessel 
I under very high prewnure. Tho volume of goses 
! agrees fairly well w-itli that e.alculated for Sarrau 
and \'ieillc’s equation (c) lor high density of 
; charge. 

Noble states that the temperature of explosion 
I of guncotton is at least double that <n gun* 
powder; the latt«r temperature he estimates 
I for ordinary ILiglish gunpow'der at about 2200 '*. 

The composition of the gases produced by 
tho detonation of dry and of moist guncotton 
is given on p. 64. ♦ 

Detonation. —Nobel, in 1864, had discovered 
that nitroglyei^n could be detonated by meuis 
of mercury fulminate; and in 1868, Abel 
found that air-dry compressed gunoottem (like 
nitroglycerin) could be deicnaied by the explo¬ 
sion in close contact with it of 5 grains (0*32 
gram) of mercury fulminate, contained in a 
tliin metal oaso (Trans. Koy. Soc. 1869,169,498). 
He subsequently {ibidl 1674, 337^95^found 
by increasing the strength of the envelope, vis. 
by making the cose for the folminate of stoat 
sheet iron, and inserting it in a closely* fitting 
hole the gunoptton. the latter could be 
detoualod witn certainty with only 2 gniss 
(0*13 gram) of tho fulminate. In praotioe, 
however, much larger quantities of fulminate 
are used, in order to have a good init^ de¬ 
tonation, and to provide for the possibifity of 
the detonator tabe fitting too easily into hoie , 
in the guDOo|ton. 

* 671 fiUes bqm crwtalning s*4 iM3.aah. 
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[fTw «X{ilopioii qI tike goaeotkm ihw c 
rllHift ot the fnlmniaite bm been c«Jie||d 


I oaiMad 
tddoita- 

^ ML necoont of the loud eotind by which it 
lolte’wed I H dififon from the ooisbua* 

t of gnaootton by the imraensefy greater 
led at which chemtc^ aotioii (oxidatioit of qne 
% cd the compotmd, the C and by another 
t, the KOj) progreeeee in the guncotton^ and 
c uequent powerful me^anioal cffocte 
daoed by the gaaee formed. Abel found tho 
©city o detonation of air-dry compresriod 
ICOtton to bo about 18,000 feet vcr second; 
ibaequmtly, the large volumes of heated gaaos 

poduced at this great rate work destructively | ing 12 p.e. water was detonated only once in 
1 nearer objects, and give rise to a condensed - seven experinients by a detonator containing 
avo in the air, prtmagated with great velocity, i 100 grains of fultoinalo ; when the guncotton 


gkaa rating on the gufioottem) was about the 
minimum quantity requifed *to efbaol tbe 
detonation bi the latter ^bel, Trans. KW. Soo. 
1869, 489), 

\^th increase in the amount of water in tiie 
compressed guncotton, more merouiy fulminate 
is needed t>o effect detonation; the fulmi¬ 
nate as usual being contained in a tin-plate tube 
and nttii^ closely in a c'eutral hole in the gun¬ 
cotton. With«a total of »> p.c, of water (f.e. 
3 p.c above the 2 p.c. of normal air-dry gun* 
cotton),' detonation by 1C grains of meruury 
fulminate is doubtful. Moist guncotton contain* 


breover, the air offorH resiatonco to the motion 
; the gases produced at so great a raU*, conae- 
lently the gases exert uiWHuro on tho gun- 
Itton and on the'ground or other support on 
hicU it it?sts, producing powerful reaction 
fccis. 

For tho detonation of iineonfinwl guiicotl^in 
f morcurv fulminate, it is essential that the 
rmer shall bo in a coiuhtion to offer resistance 
' the fihfxjk of th(i fulminate. (hut the 
viTgv of the Hh<M‘k shall heat tho t/uncofton, 
>t disporso it. Compressed guncotton meel« 
is requirement, while m tlie f()rm of wool <7r 
ose yam it is'scatU'red or infjainetl, but not 
‘tonated, 

Threlfall (Phil. Mag. lK8h, 172) thus givtss 
srihelot’s views on tiu* theory of detonation : 
The kinetic energy of tho shock of tho explo- 
3n (by the detonator) is transformed into heat 
i the point (of the explosive) struck : the tern* 
mature of tills point is thus raised to tho tem- 


oontained 17 p.c. water, it required 200 grains of 
fulminate to detonate it with certainty. 

(xuncotton as it loaves the prws, coiitaiuiug 
about 15 p.c. water, although quite unin¬ 
flammable, can 'be readily exploded by the 
dctoiiation in contact with it oi about half an 
ounce of air-dry compresHcd guncotton. For 
tlie certain detonation of guncotton coniainiD^ 
20 j».c. waUif, a jirimer of about 1 o*. of dry 
guncotton is ivciuired: and when the gun¬ 
cotton hiu> aljsorbeU the maximum amount of 
water it is capable of doing (30-35 p.c.), for its 
certain detonation 4 ounces air-dry guncotton 
applied in close contact arc noceesary (Abel, 
'J rans. Hoy. 8 (k<. 1874, 337). This aiBoovery 
(which wojH due to Brown, of Woolwich Anonal) 
hns been of the greatest practical importaunoe, as 
it has rendered the use of guncotton for militsuy 
purposes very safe ; jicrmitting the great bulk 
of the guncotton to bo kept in a moist and un¬ 


inflammable state, while a relatively small 
iraturo of explosion, a now shock is jiroduced quantity only of dry guncotton is ne^ed for 
phioh raises the tomporaturo of the ncigiibour- ‘ primers,’ the dry primers being detonated by a 
l^^rtioas to the same degree; they than ex- suitable ii^rcury'fulminate detonator. 


ilode, and tho action is thus propagated with 
n ever-incrcosing velocity.’ Tne ‘^cver-increos- 
sg velocity ’ must refer to tho commencing 
tage of the detonation, as Abel’s measurements 
tf the rate of detonation of guncotton and 
lynamite do not bear it out. 

The detonation of guncotton is transmis- 
sble across an intorvening air •space which 
faries inth the weight of tho charge; thus the 
detonation of a J Ib. cylinder of compressed 

S iincotton, 3 inches in diameter, will cause the 
etonation of another similar cylinder placed on 
^ ground at a distance of 1 inch, but not at a 
nistanco of 2 inches. 

Silver fulminate is in no way sup(^rior to 
mercury fulminate in causing the detonation 
po®oott©n. Nitroglycerin, nitrogen chloride 
wsd iodide show a remarkable want of 


The velocity of detonation of moist gun- 
rotbin is greater than that of tho dry, and the 
work done by the same weight of guncotton 
aiqHiars to be? equal, whether it be employed in 
the dry or moist state. 

As in tho case of dry guncotton, detonation 
is })ropagated in masses of moist oompremed 
guncotton in oontoct, provided the piece first 
detonated docs not (contain less water than the 
others ; but for tranamiasion of detonation in 
tho open air through any considerable number 
of cylinders or slabs of moist guncotton, it is 
essential that they should be in contact, much 
shorter air spat'cs than in the case of d^ gun- 
cott^^m .stopping the detonation. 

I’ho rate of detonation of moist guncotton 
is a little quicker tjian that of dnr guncotton; 
and that of guncotton saturated with water 


ciprocity in their behaviour to guncotton as ‘ (containing about 30 p.c. of it) is oonsidnably 
detonation. Thus, while the detonation : quicker than that of the dry. Abel (Roy. fioc. 
M it 02. of guncotton caused tho simultaneous | 1874) measured (by means of Noble’a chrono* 
Mtonation of a charge of nitroglycerin in a tin- ^ scope) tht r§.te of detonation of guncotton under 
ciatA fk^ j...*- 1 1 i_-i- —j 1 ' different conditions, of dyn^ito, and of nitro¬ 

glycerin. 

Cylinders of compressed guncotton 8 inche*' 
in diameter were employed; tiiey were |daoed 
on their bases, and, when in a oontinuoua tmin, 
with theji* circumferences toucfaii^ 
measuranrafes of velocity of detematkm vefei 
made at intervals of 6 feetk^ somatiara ol 4 
feet, in the tifuin of guscotfjm. {dkrwing 
are soma of tbe raoHs obtained 


plafe vessel at the distance of 1 inch, and } oz. 
uriMiiced the same result acraes an air B\)r>ce of 
1 oz. of niti^lycerin detonat^ in 
ewa© contact with a disc of compressed gun¬ 
cotton (Ud not detonate it, but only dispersed it. 
*60 grains (rf dry nitrogra iodide was unable 
to ca use the detonation of a pellet of dry oom- 
guncotton on which it rated; and 50 
g**ns of obloride (c o v e red with a 

Oito of water awl contained in a totn watob- 
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Dry gumroltoii, 170 cyliiuicrH, touching 

„ „ ^-inch tiir Hpa<;ot, 28 feet . 

• 

Mowt guncotton (!5 p.o. wat-<5r). 2K ft'ct, toudiiiig 
WetgJineotton {HO water), 30 feet, touching 
I>ry guncotton, containing 38 j).c. KNO,, touching 


6 lLat« of proBreiwloii of the detonation : I 
r feet per eecond I 

! ’ Mean (of all 

1 First 6 feet ; Last 0 feet : the meanure- 
i I ments) 

! 17,4«(> 17.7S8 17,122 

] 4 4 fpol 

1 ir),tl7l> II),218 Hi,771) 

! 4 feet 4 fert 

I8,41(i 18,(140 18,;17.7 

22,574 10,240 10,048 

— ' — ■ 15,081 i 


The ttl;K>ve results show that there is a <le- 
citled m«Tc»He in the rate of detonation of gun- 
eotUin, wlien the air in llie latter w ix--]>laeed 
by the very slightly i-ompreHRihle wa(er--a he- 
iiaviour recalling the gn'atcr v<'locity of j)ro|iu- 
gntion of sound in water than in air. 

The velocity of propagation iif sound, too, 
comoti neait'Ht to the detonation-veloeitiee just 
given ; ti\iw tlu' e.X|M.*rinientnl vahn'^s for Hound 
(of low intt'nHity) in waU*r at 8“ ih 4708 feet jier 
second, and in ice Ih or)12 feet. 

Wot guncotton, wlien frozen, w tlelonated 
with eerlaint.y by tlie fulminate detouatoiv ordi- 
narilv uwed for dry guneolton (Abel, r. fnipra). 

'I^he gaHOH n'Hulting from tlie detonation of 
dry an<l of w^et eonipressed guncotton witi* 
examined by Noble and Abel, and from their 
iTHultA the tw’o following analyses are taken. 
TJjo detonation was efiecled in a very Hirong 
stool explosion vcMsel, in which the gases wove 
funned undiT very grtwl pressure. A correct ion 
fhuuld U* made in th«' dry guncotton gasofi 
for the jiernmnent gases (2(!0-}-2N) of the 
nieri'ury ndminal'e (hdonat.or, and fox the Humc 
and tinwo from the siiiall (juantity of dry gun¬ 
cotton priming in tlu* rase of the wet- gunootton 
gaaes ; hut as the CO would Lh' oxidised by the 
goHcoua water to an unknown exU'nt, the ^in'ct 
rmulta are giv(‘n. 

Conp'ittUioit of thr jtrnn’iiir>il (ja.HC.f, voI». ptr i(K). 

Dry auncotton, 

1A20 arHlns i>etlct. 

]:i0 arsiii.s mercury 

fulminate detouat4>r Wet giincottou 
CO, . 2424 . . 3214 

CO . 40;H) . , 2712 

H . 2(>‘2(> . . 2(1-74 

N . !4-8b . , I4t)0 

CH, . 0*20 . . none 

l(H)-{)0 • KKIOO 

It ia noticeable that Somiu and \'ieiU('’s 
rcKultM for the composition of tlio ga-sew of ex¬ 
plosion ol guncotton for the lower density of 
I'harge (f. approach Uio eo 4 ip«MS)tion of 

theae detonation gasM of dry guncotton. The 
influence of the a<lditional water on tlie gasee 
|l|4 detonated wet guncotton, in oxidising CO to 
with formation of H, is very marked. 

' 1 ^ For til© condition of gaseous water, a greater ’ 
Quantity of heat will be evolved by detona* 
'wn of dry* guncotton than by that of moist: 
^gnsootVn contain^ the some woight of the 
dry inateri^; th% volume of the gasce Wl, | 
however, be greater itbax the moUt than from ' 


the dry guncotton. The volume of the* per¬ 
manent giiHcs also will he gicMiter with riioist 
guncotton, owing to the 11 formed from the 
wuUt. 

Von ForsU^r, in (hfrniany, f(>r Kjieeud rmli- 
tary usr, coat>s piecwi of moist eomiiresHcd giin- 
eottx.n with a skin of dry guncotton Ijy irn- 
inerMtig them for about a quarter of a minute 
in ethyl aeetaW. 

It haH also U-en proji<H(>d to use paralhned 
giineotton instead of moist guncotton, juv- 
pari'd by iimnersing dry enmjircKsi’d guncotl-fiu 
m melU'd paratlin. The parallin has the iid- 
vantagi* ovm* water Unit it does not evajmrate ; 
it iH said to make dry guneolton less sensitive 
to sliock, but it lowers tin* jiereentagi* of o.xygeii, 
and IS stated to Lm* inHamniabIc. 

lutnunly of m'tiov. —Alibot, in Jiis Kojicirt. 
giviv the intensity of ueti<m of compressed gun- 
eutton, detonated under water, a« 87, kicHclgulir 
dynamite No. 1 being 100. Jn eoinparntive 
cx]M«rimcntR made in this country, under diflen'iit 
conditions to Abbot'a, guiu'ottun has kIiowr a 
slightly greater intensity than dynamite; as, 
loi inalance, in the displacement of earth by tiie 
detonation of buried ebargos, and in the work of 
excavation done by their detonation in the bore¬ 
hole of lead oylinclers. Abel's experiments, by 
the latter method, give the intenHity of action 
of guncotton as 101, the dynaniito being 100; 
exjicnmenta w-hich the same wciglit of ful¬ 
minate was used being compared. 

Vitfs .—Guncotton is almost exclusively em¬ 
ployed for military purjiosea, for use in offen¬ 
sive torpedoes and in submarine mines, and* for 
flcmolitions on land. It is also used in the 
manufacture of smokeloae powders, both military 
and Ajiorting, and in certain fusc« and fuse 
compositions. 

UHneoUenv vtirfurrM. It lias already been 
mentioned that !(K) Ilw. r,H,().(NO ,)3 require 
24*3 lbs. additional oxygen fur complete combiiH- 
tion into^CO, and H,0; and guncotton, on 
account of the lower nitrates present, would 
retquire more oxygen. At an early period in the 
liiatory of guncotton, this oxygon was supplied 
in the form of jxitaasium or other nitrat«. 
PotaAium ehionAe was also suggosU'd but 
abandoned, owing to the laede of stamlity of the 
mixture, aJthot^h the explosive effect of the 
guncotton was lately increased. 

PalmiUe is a nixtui© of goncotton and 
jK>tassium nitrate. 

Toniie, invented by Trench, is manufactored 
by the Cotton Powder Go.'at Faversham, and 
a(M at San FraiuiiKO^ It was (uigiiiaUy 
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ptonded to be uiied oh a propellaut^ but u now 
cudy used m a disruptive explosive. No. 1 is 
An intimate mixture of about equal weiglits of 
pet (guncotton pulp and hunuin nitrate, the 
paste being coiopn'esod into cartridges with the 
jvaai recess for the detonator, and wraijpcd m 
parafNaed |>a{)er. No. 2 is a mixture of gun- 
Sotton, potassium and sodium nitrate's, charcoal, 
Ipd sulphur ; and No. .‘1, a mixtuie of p.c. i 

■oncotton, 11-13 p.c. dinitrobenzene, arul >)7* ’ 
!|0 p.c. banuni nitrate, ami O r>-l p.t' moi.'^turc. ! 
l^Tonito WiW used 111 tlu* coustructuiu of the • 
ffanchester Ship (’anal. No. 1 ih used for i 
blasting iiard rcK-k. .Vo. .3 is slowt'v m ils action, ■ 
and is used for soft rocks. It i.s also ilsimI for | 
militarv purpo.so8. 

ronil'* buriLs .^lowlv ami wHliout tciKlcnicy j 
to explosion on ignituui. It dctoTiat^-.M r<*adily 
and ('oniph'tely, and tluTi' is jdac.tically no 
earhonic. oxiilc in tlic products of ilctonation. 

Abel found Uh inti-nsity of action, bv tlio 
load Tvlinder method, (o be 8-4, kiosflguhr 
(lynainit4‘ No. 1 iM-iiig 1(H>. 

Abijot (Addcinluin 1. to lu^ Im port) cxainau'd 
ti>iiiU5 of San l''i'iiiH i.sro ?nal«-. l onsisfing of 
!}'Zi> j) u. guncotton ainl 47.') pc. baiium 
nitrate*. l)c!tonat.<Ml under water, it gave inleii- 
Aty Hi, dynaimt-c being HH). 

Whilst ^be mtciiMtly is lower than dial of 
gunrotton, tlucse Milues show that tlie gun¬ 
cotton w nunarkably eeononiised in t-oniti* 'l‘n 
I'Onder toniU^ safe foj use in iiery mines, die 
cartndgi'M arefiurrounded b_\ a hiyei of ‘ 'I’leiieb's 
yin^o.xtinguiRhing doinpoumJ.’ Tins is saw'- 
du8t impregnati'rl uitli a mixliin* of alum, 
amnio/iiuMi chlondc' and sodinin ehloiide, and 
cxtingui.slK's all flame irom the tonite on detona¬ 
tion of tho latter. 

Other guneolton mixtures an* included 
^nder ‘ SiMokeb'ss Ihiwslers.’ 


that 40° is the niuet suitable temperature 
for obtaining a niaximum vield of maximum 
degree of nitration and solufulity, and that the 
niaxinuira content of nitrogen in tlio product is 
obtained w’hen the ratio of sulpliunc acid to 
nitric nci<t is not lc.s.s than 0-5 ; 1, and not more 
than 3:1. 

The acid mixturt' uHuallv used contains, 
about (K) p.e. HoSO,. 23 j).e. 11N();„ and 11 p.c. 
11^0 ; and the nitration ia usually carried on 
for between 1 and 1.1 hoiii'H at n temperature of 
aboi. 1 . 40"^. 3’t> obtain a compleUiiy soluble 

mtrootton it i« best for the acid mixture to 
contnin .sullicient water to form HNO^'HjO and 
but slightly more water ia iwually 
jire^ieiit. Ifowcvcr, the exact- acid mixtiiro 
ami t.enip('rature and time of nitration xary 
<‘onsid<'ranly in dillerent faidciries, and sometimes 
collodion cotton is made in tlic ( old by using an 
appropnate nitrating mixture. 

Tlie nit ratu)!! is ja'rformed in either lead or 
imn nilriiting jiots or liinks, or in centrifugalH 
and (he extraction of acid, wasliimr, pulping, 
and other pi'oc(>MS{‘.s ari* carnt'd out in tiio same 
way lus with giiiu'ottoii, exc('pt that in the iiro- 
diKtuin of collodion coltoii for gelatinous 
expl'csives it IS nsiiiil to soii-k the niirocotton in 
watei at aliout tKJinstead of submitting it to 
i>, boiling proei^ns. 

(!lamsen has cltiimcd (1). K. V. l(>3(iH8, 904) 
t)ie picpar.itioii of a nitrocotton completely 
Mohiljle 111 aleoliol of Oil p.c. by vol. strength, by 
lufrating cotton with 30 tmuis its weight of a 
mixt'd acid containing 35-45 p.c. HNO 3 , 35-40 
, j) e H ,S()„andl 8 20 p.c. JUO at u temperature 
of‘t0'-ri(r. 

Projirrfii'.K — ('oModion cotton should be com* 
pietely soluble in ctJier-aleohol and in nitro- 
! glycerin. !t is also solublu in tiic solvotiis of 
, guncotton. Berniidou states that when coUo- 


('olliyJiim rofh/e.---By collodion cotton, for 
tlu* purposes of explosivcM, ih meant sohiblo 
uitmeotton. It is h*hH highly mlruted than gum 
cotton, and at the )iresoiit time h looked upon 
as a mixture, in varung proportiouH, of tbr di , 
tn-, totra-, and iienUv-nitroeelhdoHeH (jf Kder's 
cla^sitipatioii. 

It IS posHibli' to prepare* .soli^lile iiitroeotlon 
of a definite nitrogen eontent, by woiKing undei 
definite condition.M a.H to o/>ni[) 0 .'<ition of acid 
mixture, and temperaturt'. and time of nitration. 
For srnokolcs.s powders and tlio gelatin dvna- 
imUw, a nitrocellulose soluble imnif roglycenn or 
other solvents, containing as high a percentage 
of intsogen os possible, 12'r) to 12-7 ji.c., is 
desirable, and also one capable of holding the 
lutrogh'corm bound, so that it does not exude 
under varying climatic conditions. The limit 
of nitrogen jx'rmitted by H.M. Inspectors of 
Explosives in collodion (;otton f * gelatinous 
oxploaivf« is J2‘3 p.e., and the usual content 
n s to 12 p.c. 

Maim fad urr. —In the manufaeture of collo¬ 
dion cotton, the finer (jualitUia of white cotton 
waste are used. The mix*ed acids ar^ much 
weaker than in the manufacture of guncotton, 
and the temperatuit^ of nitration is higher. 
Lunge, however (/.c.), found that the quality of 
the cotton, provided that it has not been 
altered by drMtic ehomical or heat treatment, 
had little or no effect on the quality of the 
eollodion cotton obtained. He also concludes 

Vol. in.—r. 


dion cotton is imniorsod in ether and kept at a 
loinperaturc below O"'. it jiasres intii solution or 
lorms a colloidal jelly. Us I'Xjiloding tompera- 
tm-e 18 higher Ilian that of guncotton, and its 
exjilosivi! cITeet much less. 

{’ollodion cotton, be.sidcs being used in the 
freinufaet-ure of Kmokil(«.s jiowdors and the 
gelatinous dvnuniitc's, i« somctimcH used in 
other (‘xjiloMivo mixtures. For example, the 
Soc. Unucfsollc d’ KxTilosifs (Fr. Pat. 432863, 
UtlO) Huggests an explosive containing ‘liquid 
trinitrotoluene.’ gelatinised with collodion cotton 
at about 40 -50'’, incorporated with three times 
its weight of a perchlorate, or a mixture of 
ammonium perchlorate and ammonium nitrate. 

Purit/dijf Auluhlr viirocoUon. NitrocottoDS 
inlerinediatc in nitrogen content between that 
of guncotton, of rfbout 13 p.c., and that of com* 
pietely soluide nitrocotton, of about 12 p.c. or 
Ir.^R, arc re(|uirod tor (certain smokeless powders. 
These aro manufactured by varying the condi¬ 
tions «»f nitration, composition of nitrating 
acids, prtffiortion of acid to cotton, and timQ,. 
and temperalufc of nitration, or sometiraea by 
carefully blending the roquiHite proporticna of 
gunc<*tton and soluble nitrocotton. 

Lunge showed that guncottons with mocB 
than 1.3 .5 p.c. nitrogen are unstable, and 
Mendellbff, by nitrating at a comjiaratively high 
' temperature, obtained a soluble nitiyceuuloM 
containinfl |s much as 1^ p.c. nitrogen, and 
i this was adopted for ff t^ Ibantifactoro of 
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Kutwian niUit<ary HmoltelmH powden. A nitro* , 
cotton of Binoilor compotiition ia also URed by the ; 
United Statra Govurnmcnt. This nitrocotton 
has been called PyrocoUvliurt, and, as Mondel6e(T 
pointed out, is ap{>roxiinatcly of the coinpositlon 
required for tlie convoniion of all its carbon to 
monoxide on explosion. 

Smokeless Powders. 

llihlorij .— AttcniptK were made by tiu' in- 
veutorx and oiirly woikei^ in uuneotton, notably 
in Austria, tt) adopt it iis a propellant, 

Ixsin and Otto, in 1H4(», attenipt<"d to use f;im- 
cutton in riHos, and vim Ix^nk, in 18b2, prepared 
cartridpi'H of Bpnn and woven ^uneoti-on for iik(^ 
in cannons, q'lie nun-otlon wio' nmeh loo lapid 
and vioh'nt m its action, even wiien womoi oi 
comprewbed, and noiu^ of these eaily «'Xpeimu‘nts 
was successful. 

AIh'.I, in iSlio (hny:. I’al. 1 l(i2, IHlio). patentt 
a proctsR for jrraiuilatinii guncotton wPh a 
solution of gum. and also proposed to u-^e a 
mixture of guneollon end eolb^dion lotton 
t^t‘at^^d with asolvnnt , ami Kellin'r, of ^\'ooIwic•h 
ArsPiml, ut about the Hamt^ lime, niude a jri.niiilai 
HinokeloHi' powiler from ginieutloii ; but these 
powders did not get Ix-yond tlie e^[>elllm'llt«i 
stage. 

A »OUVi-Hliiok('liss powdei was iiiveiilerl by | 
Sohultzc, of the Prussian artdieiv, in iHtiri, who 
used nilrat4wi woo<] granulated with a .saturated ; 
solution of barium and pota.'-sium lulrales; and , 
Volkinaim, in lH7l). who wniKrd ,Sehultze'R I 
patent Quar Vienna, treated the gnuiiH with a 
mixture of ether and alcolio!, and praetieally 
made a modern gelalinused snioLehss jxiwder. 
The inanufa(d.ui'e of tins })owder, however, was 
prohibited, in l87o. us it infringed tlie iiun- 
powdir nionopoK of the An-'lnan (love.rnnient. 
Sehultxe’H powdi'r was nuinufaeturcd by an 
iCngtlHli eotnpnny nt J'Aewnrtli in tfie X<‘W 
l^oroHt, in IKbo, and, wilii niodiiieations, is still 
in use for sporting juiiposis. 

The dillieviltv in adoptinu guncotton as a 
propellant was its pomsity. for wimii the pj)wder 
was ignited, the liame was forced int<' the in- 
Uirior of the graina, and eaiwed the whole charge 
to expliwie, instead of Ijunung ])nigr(*ssively. 
Many attempts wen' made to re«luee tlw rate (if 
combustion by ('imipnwaion, and bv mixing the 
guncotton with inert ingnuhentss, sueli as im- 
nitrated eotUm, or coating the grain-s with 

f iaraflju, btearin. or iudiariiblx'r, and mote or 
pitw succortHfnl s])orling powdc'iw wen* produeed 
in this way. Pnmtiee, in ISlid (Kng. l*at. Or).*!) 
suggested a sporting powder made ol pyro- 
paper, oontainmg 15 parts of unnitrated ecllu- 
lose; and Punehon pro]ioscd to n'gulale the 
speed of combustion of guncotton by stiaking in 
a solution of sugar, and added nitrates to in- 
oroase the explosive force (Eng. Pat. 2S()7, 
1870). 

In 1882 Reid (Eng. Pat. 610. 1882^ fftitentod 
a process for the granulation of a mi.'^turi' of 
soluble and insoluble nitroeellulose, and harden- 
ing the graias with ethor-alrohol; the jiroduet, 
known as ‘ K. C. Powder,’ is too violent in its 
action for military purjioses, but is still largely 
used as a sporting powder. ‘,1. R. jfporting 
Powder,V afterwards introduced by Johnson and 
Borland (Eng. 1B85). w%n W mixture 

of collodion odttoA ml^poUssium and barium 


nitrates, hardened by a solvent of the nitio- 
ccUuIose and subsequent drying. 

Some form of military- smokeless powder 
I became essential on the introduction of small- 
I bore magazine rifles, and efforts were again made 
j in 1885 to retard and regulate the combustion 
! of nitrocellulose by converting it into a product 
j absolutely devoid of all porosity. Tho sporting 
' powders in use at the time were only super- 
j lieiiilly hardened, and contained fibrous nitro- 
i eelluloBe, but tnentually Vieille, in 1880, intro- 
I duoed ‘ J’oudrc Jl,’ named after General Bou- 
; langcr. a comjilctcly gelatinised, dense, homy, 

1 and nun-j>orou.s explosive, made by treating a 
' mixluit? of guneotUui and collodion cotton with 
; otbcr-alcohol, tin; resulting jiostc being rolled 
into liiiti sliccts.cut into sniall Bipiflrc8,and dried, 
and thiK was adopted by Fiance jih a propellant 
! lor til'- kcbcl rilic. 

. Other countries at onci^ began to W’ork on 
similar lines, and Ocinianv ailoiited u similar 
|i(iwil*-i', in iMS'.i. p,ut. Nobel, uUcr the inveh- 
; tioii of IFifftni'^ gciatinc. tried to ntiliM- nitro- 
' gly(‘t*nn as an iiiuiedient lor a sniokeiess pro- 
jii'llaTit, lUid c\eiduull\ |iatented * Hullistite 
' III J88M(!Mig. Tat', i-171. IhHS). a colloid mixture 
ol collodion cidton and iiitioglyecrm. wiiich a\ 
Iii-hI. aNo conljuiicd caniplior. Tins jjuwdcr was 
adopted by tlie Italian (lovonnuent. About 
the same t une, an English J'lxiiloHivca Committee 
WOK working on the same Kubjeet at Woolwich, 
and gradiiallv es’olve<i a nitioglycerin smokelesa 
})ropclhiiit, wliicb was Hdojited’ bv tho British 
(iiivcrnmont under tbc name of ‘ tWdite ’ (Eng. 
Pats. rtliU, Ksstt; and lHj(>4, 181K)). Cordite is 
a mixture of guncotton and nitroglycerin, with 
a small propoiUon of mineral jelly. A nitro- 
glyieun yiowilcr Kimilar in eompoHiubn to cordite 
I was adopted ly Austria-ilungary in 18113. 

' Some form of sinoUeit-ss powder w-as 
j rapidly adojiU'd by all eivihsed countries for 
i sniall-arni ]uir])i>s(’s, and since that time llie 
j manufactiiiv, comjioHitioii, and form of the 
oxplosivt'K have been gradually modified and so 
perfected that, at the pi-osent time, accurate 
and reliable smokeless powders are aMnUblc 
and solely used as projicllants evin hi the 
heaviest ordnaaee. 

'J'ho general principle in tin- manufuclurc of 
all these sinokeUss- powders is to thoroughly 
gelatinise the nitrocellulose by means of some 
, solvent., 80 that its fibnius character is destroyed. 

: The jiowdert are more or Itss haid, homo- 

1 geneouH colloids, which oni\ luim progressively 
! from the surface, so that their eombufilion is 
; oomplctely under control. They are never 
absolutely smokeless, an o\cn if they give no 
! solid priiduets of eonibufition, the etcam pro- 
: duced alwa^ gives a smoke varying in amount 
i with tho atmospheric conditions, 
i Composition. —Smokeless and semi-amokelees 

I powders can be roughly divided into the follow- 
i ing classes, according to their composition : (1) 

I Nitnxiidlulosc powders, which may be composed 
i of collodion cotton or guncotton or a mixture of 
I the two. (2) NitroceHuIose jMwdcrs with oxi- 
: dising salts, in which one oT the d^^'isions of 
- class (1) is mixed with a metallic nitrate, and 
: perhaps other iogredieDts. (3) Kitrocellulose- 
I nitroglycerin powers, where one of the diviaiooB 
j of oIm (1) » oombm^ with niteoglyoerin. (4) 
I Nitroodloloee powden oomhaned with another 
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nitro derivative* with or without nitroglycerin 
and inetallirt nitntes. 

MSitary tmckeUsi powders. —The desirable 
properties in a military emokelces powder are 
numerons. It should to smokeless and llamO' 
less, should not cause erosion of the bore of the 
gun* or leave any quantity of n«idue, particularly 
of a coiToeivo nature. It should be readily 
and uniformly ignitable, and should burn m i 
such a way that the ])roe8uiT should bo slowly | 
do'eloped and well sustaiued whilst the pro- 
jectile is in the gun, but no unconsumed powder 
should be projected from the muzzle. It sliould 
give products of combusUon as free as possible 
From combustible gases, for example, carbon 
monoxide, as these tend to ignito at the muzzle 
of the gun and give a ‘ bac-.k-fiash,' which may 
be dangerous. It should give a high muzzle 
velocity without excessive preesurcH, and it 
must give accurate lirmg rosults, as a result of 
uniform lotemal ballistics. H should be 
chemically and j)hysicaliy stable under all 
practical conditions of storage, sq oh neit her to 
oecome dangerous nor give irregular, and 
possibly dangoroiiH, prossurph It should be 
insensitive to variations m atinoeplieric bmi- 
perature and moisture, and not Ihj uneoted by 
being lircd from a hot gun chamber. Nome of 
these pro}> 0 rtiefi are more rieeesBary than otliors. 
It is impossible to cumbmo all the lic^Hirahle 
properties in one projadiant, and all jiropidiants 
in use arc coinpronuHcw, iw’cordmg to t lieir iis(‘. 

.A oomploLely gelatinised jiowdiT burns 
away in layers from the igiiiled surfaci', llie 
rate of bunimg varying directly with tlio 
prosHuiu In th(‘ opi'ii the jiow'dcrs bum 
rapidly but quietly, but in thii closed cliainber 
of a gun the products of combustion soon raise 
the preasure, and explosive burning is soon 
reached. The rate of burnuig of u' complete 
charge of given eoinposition depends on tlie 
size, Bha})e, ftnd consistency ol the grains, 
ignition of the grains usually taking place 
simultaneously over their CMitire siirfacee. The 
shape of grain should bo such that it gives os 
large a burning surface os possible until the 
combustion is complete. A cubical or spherical 
shajie is, therefore, of the worft tyj>e, a rod- 
shaped grain is a little better, but cither a long 
tubular grain or largo flat strip is better still, 
as the burning surface is tlu*n practically the 
same at the end as at the beginning of the 
combustion. Flat strips, howevtr, give irregular 
ignition at times, owing to the way the Btrijw 
pack together. For large calibre guna a multi- 
porforated grain is beet, as the burning Huiface 
increases as the grain bums away, but if the 

§ rains are too long they are liable to break up 
uring burning. Some mo<lem ^progressive 
propellants ’ are so manufacture that the 
interior material has a more rapid rate of 
bur ning than the surface layers. The rate of 
combustion may be tamed or moderated by 
cbemioid as well as by ph>'sicf l moans. Although 

K wders belonging to all the above classra have 
sn tried for sporting purposes, and many of 
them also for military purposes, so far as the 
latter are concerned, there are to-day only two 
varietiee of smokelees powders, nitrocellulose 
powden and nitrooellulose-nitatoglycerin powders. 

The BmokeleBB powdere of tTO latter ctass are 
QKire powerful tnan 1^ pure nitooceUulose 


powders* for the uit^lyoeiin eupplks the 
oxygen* that is defioieut in guncotton* for 
complete ^mbustion, A smaller charge and 
consequentiy a smaller gun chamber are neces¬ 
sary with the nitroglycerin powdeis for equal 
ballistic results. The solvent is more readily 
eliminated when the powder contains nitro¬ 
glycerin, and the powders art' cheaper; but the 
tcmjieraturo of combustion is higher* and) with 
a large proportion of nitroglvcerin, the conse- 
quopt erosion of the gun is BenoiiM. The erosion 
can bi mmimiBcd by the inclusion of a moderant 
in the composition, such os the 5 p.c. of mineral 
jelly in cordite and the metallic nitrates in 
certain sporting powdei-s. The nitroglycerin 
powders are decidedly more stable than the 
pure nitrocellulose jiowiicrs. Nitrocellulose pow¬ 
ders tend to give irregular ballistics, owing 
to their sometimoB morc! porous nature and 
frequent physical instability on storage, and 
sometmics quite a sniall jiroportion of nitro¬ 
glycerin is added to remedy tnis defect. They 
also have a relatively ra]»id rate' of dccomjiosition 
on storage, but this may be oountorocted to 
souio extent by the use of a stabiliser. Their 
great udvantago, particularly for small arms, 
machine and quick-tiring guns, is that they are 
relatively cool burning, and. give considerably 
les.'- eroHion tliaii tiio nitroglycerin powders. 

NitrocelliiloHc powders are, at the present 
time, geTH‘rally made entirely or largely of 
soluble nitrocotton, otherwise acetone has to 
be used for complete golutinisation, and the 
Uiushcd grains are then harder and move brittle* 
])arli(!u]arly if the idiininatiun of the solvent is 
carrieil too fur. 'I'hoBU tc^nd to break up on 
storage or in the gun, and give irregular ballisticti* 
and Runu'liines * dangeruuH pressures. Nitro- 
celluloKo ]>uw(ierv eontaining much insoluble 
nitrocotton arc NometimeH used, os in France, 
but they are incompletely colloided by the 
cther-alcoliol used os solvent, are more porous, 
and are liable to gain or lose moisture, according 
to the storage conditions, with consequent 
irregular firing results. (Jejierally, the powdoxs 
with lowest, normal moisture content are least 
prone to alteration of tjiis content W'ith varying 
storage conditions. The nitrocellulose powders 
arc more bulky than the nitroglycerin powders. 

Secondnri/ ingrcdit'vfs. —Hcsiditi trio main 
ingredients, nitrocclluloso and nitroglycerin, 
military smokelesB powders usqpliy contain 
small quantities of other substanew added for 
attaining some special purpose. These secon¬ 
dary ingredients may be adued as moderants or 
deadeners, stabilisers, or cooling agents. 

MfjderavtH or arc added to reduce 

or control the ratlb of combustion of the explo¬ 
sive. Amoni^t those substances may be men¬ 
tioned camphor, vegetable oils, such as castor 
oil; and mmeral hydrocarbons, such as paraffin 
and vaseline. 

Stahiliiers. —The addition of a small quantity 
of alkali was frequently made in the early da^a 
of smokeless powders to combine with any aoid 
developed in them on storage. This addition oi 
alkaline neutralisiiig agenta was, however, soon 
shown to be harmful, because they are UaUe, 
under c^kain conditions, to hydrolyse the nitai- 
oompouzn^. * 

This u true even of 0 mild an alkali aa 
oaicium carbonate. Al^aS^ ne^lbralsm yield 
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iiitritcH, which ile(U)itipuM() UL'ain at elevated 
tcm^ieratureH, and ko ad caialytioaUy in decom* 
jKjHing tliu nitrocellnlosf’. • 

It^idual solvent v,ai* ftnind to atabiliso the 
powders to a cutisidcralyle extent by absorbing 
the ])r(><Iu<;tH of d( (;()nij)ositjon ; and to prevent 
rapid loss by evaporation, PolventB of high 
boiliiig-point were used, for inutaneo, a little 
aniyl* alcohol wiia added to an etber-alcobol 
H(ilvent. 'riic elimination of the Holvent leaves 
tlie powdiT porous and ho acceleralca the rate 
of ilecoinpoailion. 

The more usual nietliod of Hlabilising is to 
add a small iiuanlity of some, substance tliut 
will form a stable eornjHJund ))y chemically com- 
billing with any UberaU'd peroxide of nitrogen, 
and so ad so long as any of the free substance 
is left. Aniline, dijihenylamnur, anunoa/oben- 
/.eno, nitroguanidiue. phenanlhrene, ili(5 higher 
alkyl derivatives of tlie anilides of organic aciils, 
and similar eomjiounds an? added for tins 
purptise. The vaseline in cordite, althougli 
originally adileil for unotlier jiurjiosc, has be<‘n 
proved to have a marked stninlising inllui nce. 
SoaiiH. ixwins, and oils havo also Ix'cn suggested 
us Htabilisers. 

Tim Kroneli OommiKsion. on the e\|i!osiou of 
HnmkoloHH pow'di'r on the ‘ Jiim ' m ItiHiT. divw 
attontiou to the fact that substaueeH like 
diphunylamine an<l aniline not only act os 
MtftbiliHeCB, but also as viflirniojs of dceomjiosi- j 
tion, owing to the formation of local spots or ! 

f iatc'hcs of peculiar (‘otours, and such sulistunces 
lavo Ihhui inerottsingly used for this purjiosc 
ainoo that time. 

CWtMf/ -MoHt Hiimkch'HH powders 

have a high temperature of explosion, wiiieh not 
only causes erosion of tlu' boro of the gun, but 
also gives a strong and readily visdilo tlamo, 
Tho more eoin])lete the eoinlmslion, the inglier 
the temperaluiv of explfwion, and sim]>le altera¬ 
tion of [iroporlmns of the ingredients of a iiitm- 
glyi'crin and nitiocellulose explosive, so as to 
rcndi'r tlio combustion h'ss eomjileti', will give 
a lowi'r icmperatun' ami h-ss tlaine. lis is in- 
utaiic(«d liy ‘ modifh'd cordite ’ Tlie Hubstanees 
added as moderanU (metallic nitrates, nils, 
fatty and mineral, wax, resm, camplior, Ac.) 
tend in the name' ilirection, ami the addition of 
ehan’oal has also been ]iropo.secl. Witli these 
additions, tlie prodm’Ls of comhustion contain 
mom earboiuc oxide and hulrogen. and the 
ftotual t<‘mperaturf‘ of exjdosion is less. The 
addition of a sunicient quantity of thcMO sub- 
staneeji to adequately n‘(luee the ti'niperaturc 
of explosion frequent ly caaHi\s a Bcrious reduction 
of the explosive pow'cr, and in some etuses iw 
objectionaole through nnulfTing the grains i 
brittle. The r> p.e. of mineral jelly in i-ordite j 
effects a considerable reduction of the Uunpera- i 
turn of exjdosion W'ithout serious etTect on the ; 
hallisliee, for, although the is , 

reduced, the volume of gas is inen'iseu. The! 
use, in comparatively larg<‘ quantity, of sub- 
Btanoes like guanidine nitrate, mtroguanuiinc, 
and BubatituUnl un'as, has been claimed to 
reduce the terapcralure of explosion witliout 
redneing tbo ballistics of tlie powder. 

With inccmpleto oombustiou, howe’er, the 
carbon thonoxidoand hydrogen inflame oncoming 
in contact with the^r, and, bummg together 
with any unlbnmt charge, produces a xtry 


decided riamo. To produce njianiflese ('xplot/ive, 
subeiances arc added ho us to mix the products 
of exploBion with a suflieieiifc proportion of non- 
inflammable goH to ])roU‘et the inflammable 
gasea from the attnoBjjhere until their tempera¬ 
ture has fallen below their ignition-point. The 
problem w similar to the production of a safety 
d(?tonuiing explosive for u.se m fiery coal-mines, 
and Hiniilar remedies have been proposed. 

Dultenhofer (Kng. I’at, 247b2, 11104) pro¬ 
posed the addition of an alkaline- bicarbonate, 
elaiiniiig that it had no dcliimental eftoet on 
the .stability of the e.xplosivc, a.s is tlie ease with 
the normal carbonate. It cools the flame by the 
jilK'ration <»f its whUt of cry.stalli.satiou and 
<'inboii (IioxkIc. In a later patent, l.ueiani 
;(ri’. Put. ,’l8t>!ai;{. I'Kilt) j)!oj)(ises a mixLurt' of 
! carnauba wax, bees-wa.\. and sodium bicar- 
I lionate. Ivlwards (Kng i'ats. 2402,7, 1007, and 
I I2IHM. JOOS) jiroposcH a similar mixture, in 
] wliicli the sodium buairbonule may be replaced 
I by till' ummoinum or magiu’.suun eompoiinds ; 

I and \emlcr (,Kr. Pat. 40.7822, 1000) claims for 
' hydrated maifnesiuni carbonate or mangancHo 
I peroviiie. Noiluim resiuati' and other sodium 
land jKjIassium salts have bis'ii suggested, but 
1 tliesc give more sinoki' on linng. Dxalic acid 
' and its salts Jiuie also been tried, hut a really 
Hiiiialile ingmlieiit foi deercosmg the flame of 
Hinokeless ]Mi\sdi‘is in guns of large calibre bus 
hovvi'ver not yet been found. 

'rhe soKuiitH used in the gelatiui- 
sation of smokeless powders are usually acetone, 
elliyi acetate oi iim_\l iicelate for guncotton 
powders, aiul a nnxtuVe of etlicr and alcohol for 
! Llio collodion cotton powders, 
j I’owdcrs gclivtimscd with ether-alcohol are 
j very lialile to blister, curl uji, and liccnme difi- 
! torted during drying, owing to tlu' rapid evapo- 
j ration of the ethei, anil thert' is dillicultv in 
1 driving olT tlie lunyl aeetato owing to its Viigh 
1 lioding poinl. The correct ]»rnj)orl.u)n of solvent 
: 1ms to be eatefu!l\ worked out for individual 
jiowders. Too nun h solvent, memwea the 
dillieultv of drying, and mcTeases the liability 
to dispulion and cracking, whilst too litlib 
delays the mixing and it'nders it imperfect. 

'Die secondftiy ingredient*^ uro usually dis¬ 
solved in the so! vent before it is added to the 
main nigredientss. 

Heating with camiihor under jiressure, in¬ 
stead of treatment with solvents, gelatinistti and 
hardens soluble'nitrocolliilose jiowders, but this 
aiibwtance. os it remains o-s a constituent, causes 
tiliysieal insfabilitv owing to its volatility, and 
its UbO has U'cij abandoned. Tlu' use of phenyl 
honzoatc, or an ester of a homologue of phenol, 
for tlie colloiding of wolublo nitrooelluloao has 
boon patented by the Dupont de Nemoure 
Company (U.S Pal. 1101803, 11)17). The sol¬ 
vents used in tlu? gelatinisation do not. as a rule, 
remam in the tinished powders except in very 
small quantity. 

Mngufacftirr .—(inly a general outline of the 
manufacturing jiroceeees is given Imrt? ; tb© 
details vary, and Home are given under individual 
powders. 

T^e drfftnt/ of t)if nilrord^ton .—In this 
country' somo 30 p.c. of water is left in the 
nitrooelluloae in' ita finished condition as a 
safety measure. The nitrooellulose, either loose 
or, for convenience in handfing and to jffeweDt 
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dust, lightly oompn'fwod into oyliridri’n or slabs, 
is dried by’exposure on tiers of copper- or brass- 
gsuKO trays in well-constructed and well- 
uolatod wooden huts or ‘ stoves ’ by means of 
a current of dry air forced in through a series 
of hoiee af the top of Mk! stove and h‘a\ing 
through ommings near tlie Hotjr (tJie inoistiire- 
laden air falls as tlio tein]K>ratnrc is iowetvd by 
the <!vaporation of the wiit<T), the t<>in|HTatiirc 
in tho stove Ix'iug kept at alsntt 40 . The 
drying takes up to si^vi-ra! day« acconling to Mie 
degree of i-ompression of tlic niltwellulosc. 
This LH one (tf the most dangerous ojK'ralioMN 
in tho inauufactnj'e of snuikeless fxiwder, 
ospccially when the liL'-t portions of tlii* moisture 
art^ beiiig driven oft. An_\ dry dust is very 
suseoptible to ignition by friction or slioek, 
and the dry nilrocotton is rea<ii)y electriti<‘d 
even by a currisit of dry air, and special pre¬ 
cautions have to lie taken to connect the drying 
travs to earth, tlu' neeessny for wlich was first 
point'd out hy Jleid. Tlie nitro<ot.fnn must 
Ik5 cooled down Ixfon* nnl<>ivhng*1he stove, as 
it is inor<‘ snseepldtle l.o ignition by friction or 
percussion whilst hot. and tJic stoves an* 
spiicially consfrucl<'d to avoid tlie ik eiinmlation 
of duHt. 'r)i(‘ nitrocellulose is soTindlines dried 
by removing jiai’t or the whole of the water 
by treating it with alcohol. This )>roc('!-H wuia 
used in iHtM in Austria, and wan patcnti'd m > 
Krigland by Itiirnforcl iti IKi>l2. To render the 
nitrocellnlosc anhydrous, it is ttrst< soaked in 
alcohol that has hern previously used, .scjiiecyi'd 
and pressed, and then treated similarly witrli 
fresh alcohol. W'lien ethcr-aicoliol is to be* 
used as tlio gelatinising agent of tin* nitro¬ 
cellulose, displacetnent of the wat<'r by alcohol 
is now the usual method of eliminating the 
water, and this inethrai is in genmul use in the 
United States and on tlie Continent. The 
nitrocotton is packed into the cvlindi'r of a 
hydraulic prws and alooliol forccil through it, 
VVator is at first forced out. tlien a W(‘ak alcoliol, 
which is collected ami rcctificfl by distillation, 
and iinally only sliglitly weakened alcohol, 
which IS used again for the pieiuninary drsplaci*- 
inent of another cylinder of v(n*t nitrocotton. 
Tho nitrocotton is then suhmit.tcd to a liighor 
prc-Sflure, so as to leave only sullicient alcoliol 
in tho mass for it« gclatinisation on admixture 
with ether. Dehydration by alcohol is earned 
out in some factoiies by sjiraving the alcoliol 
over the niirocotUin jjacked to form a layer 
over the basket of a centrifugal. A further 
advantage of this proews that unstable 
iinpuriticji are eliminated by this washing with 
alcohol. Deri and J>eply {/ieitsch. Gi*i. Seheiss- 
u. Spnmgstoflfw. 1913, 8, A*c ) have examined 
tho impurities extract(*d hy tin* alcohol in the 
dehydration of nitrocotton, and, besides a small 
(jaantity of inorganic impurities derived from 
the wash waters, find them to consist of a 
sticky brown moss of lowly-nitrated organic 
matter of poor stability and low ignitior^point. 

Alixing atui iticorporalin/j. —The nitrocellu¬ 
lose should be in as fine a condition as possible. 
The tiret wetting with the solvent is a difficult 
matter, and is sometimes effected m mrud. The 
absence of all dust, when onCe the solvent is 
added, makes the manufacture of smokeless 
^wdors much safA^ than that of gunpowder. 
Kven if ignition ocoura, the combustion, though 


fierce, never loads te explosion, and is usually 
very local, in ite effects. The introduction of 
aicoholisiug the wet luirocotUm in the manu¬ 
facture of nitrocellulose powders renders their 
manufacturo a safe one from the l)eginuing, 
except for lire rink. 

The incorporation is usually carried out in 
kneading inacliincs, but Homelinicft by filing, 
'riic kneading machine almost exclusively used 
liH t hat of \V<‘rner, JMleiderer, and J\!rkin8. It 
con.si.ste of an iron trough, the upper jiart of 
whii'li IK rectangular. Tin* boftoin is in the 
form of tw(.i parallel half-cylinders, in wdiich two 
heavv’ Hcrcw-sliapcd paddJc-hlades ixwolvo in 
opjioHito directions, one at about twice the rate 
of tin* (^ther. The allowanc'c iH'tweeii the 
hladivH and bottom is small and the mixtui'C is 
thoroughly kneaded and mixed between Diem 
and tin* trough. 8ome of tlio Holvent is fimi 
introduci‘<l, then tho nitroecllulorr* and any other 
ingrc<lu‘iit«, and finallv the remainder of the 
solvent. 'I’ho incoriioration takes some hours 
for <-onipletu)n, anu at tlie end the trough is 
billed, uiuJ tlie diiv'clion of nitation of tlio 
blades reversed, the finished ‘ dough ’ being 
thrown out and eanght in a suitable box with 
a lid for transfei*<*nce to Ihc rolling’; or pressing 
house. 'Pile mass liecoincH considerably heated 
during till* kneading, arnl to lucvent loss of 
solvent., tin* rnaeliine is tiovc’red and the bottom 
is surrounded by a cold-water jacket. It is 
necessary to connect the mixing machines to 
earth, as in the oasi^ of the drying trays. 

W’lien tin* mati’nnl is to bo worked into 
sll(*et^t, tho rolling is sometimes efTeetod in two 
ojierations, the first to eiT<ici incorporation of 
tin' materials, and llien between closer sot 
rollers to reduce tho sheotH to the requisite 
tliicknr’ss. For jiowdei's of the bollistite ty>Oi 
the rollers are hollow and steam heated. Th« 
slieets arc then dried to drive off greater part 
of the solvent, and again rolled to eliminate 
any blisters formed during tho drying. Thick 
sheets arc produced hy folding tlio thin sheets 
over and over and passing them backwards 
and forwards between the rolls, by which means 
a liomogeneouK thick sheet is obtained. In tho 
manufacture of strip and flake powders it is 
now more usual to inoorfiorate as usual and 
press the dough through a suitable die to give 
a ribbon of the required thickm'ss and width, 
which is suljwcquently cut into suitable lengths 
for drying. 

Cutting and jtrrwiing .—Tho partially driod 
sheets are usually cut into small square plates. 
The machines generally used arc similar to those 
in use at the German Government factory at 
Sfiandau, in which two sets of revolving circular 
c utting knives, slightly overlapping, cuttheshect 
inte strips, which arc then fed over a fixed cutting 
edge, and chopped into jdates or cubes by a set 
of rotaffinf knives. Round flakes and discs aro 
cut from cords. After cutting, the grains are 
further dried. For the preparation of spheric^ 
grains the pasty mixture is cut into small 
fragments, frequently cylinder* cut from cords, 
dried superficially, and then rolled over a 
rapidly tisciliated heated surface. 

Cord and tube powder is usually* preased 
through (flw, as in tno nuiuifacture of cordHe, 
the materiM being someffmes subjected to a 
preliminary rolling to Izclade air bubbka, but 
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the Aastrian rifle pow(i(T m Htated to be drawn 
and not prc«*otl. For protlucini? the tubular 
and multi-perforated powders, one or more pinB 
are arranged ho as to j»rojoct into the holes of 
the dies. When long ])erforaio<l tubee are to 
br manufaotiircfi, the pins of tlie Hies are tubular, 
HO jud to admit air into the powder perforations, 
t)tfinr]|iHe tb‘T<‘ in a tf-ntioricy b»r the tubes of 

powilfT to eolla|)S('. 

JittliiKf --'riio powriers arc firic'd slowlv in 
sl.ovf*i, at a tcinpcriitnre of about 4(»*rfic 
time of firying di'jHMuiH on th<* si/e and sliapf' of 
the grams, but iHually lasts soviTal (lays. In 
nnxlern factories, l,h(^ diying stovi's are air- : 
tight, and tin- current of hot air is drawn. Ii\ ’ 
roi'aiw of fans, tfirough special ajiparnlus foi i 
recovering the solvent. In some eiuscs. the ! 
Kolvont is largely eliininaled by boiling lli<* 
sliapi'd powdc'r in water. TIk? Dupont <Ie 
NenioiiiM (’ompany (Fj-. Fat, -nTilKh MMf)) sug- ' 
gost drying .smokeless pnwiler.s by heal.ing the; 
grains m oil at al)out KMM', the liberati-d i 
Molvenl. bi'ing condensed and rec'ovorod, and ; 
the oil sub.so(|uently nunovcH from the' wurface i 
f>f the grams by washing with acetone. j 

Oru' of the ilrawbai'ks of pure nitrocellulose ; 
powdi'rs is the iliHicnlty of {‘liininaf ing the I 
.solvent in a r(*asoiiabh' time, especiullv from the ! 
larger Hi/oH. without eausing tin- development of i 
eraeks on the nnrfaca' of tin' grains. Sometimes ' 
a rather large proportion of solvimt is left in ilie 
powder, but then on storage the solvimt 
ovanonit-es, and iTacks may also form and so 
rencuT il’ hnpossililc to a.ttain the eoiistancy of 
ballisticM lU'cessavy u\ a military powder. 'IMio 
solvent can be nioie easily removed from nitre- 
glycerin [lowiieiv, and the higher the ]ier('ontago ' 
of nitroglycerin the nion* rapidly and more 
oflieiently ean the solvent be tdiminateil. 

Tlio (lake small arm powdei-s are UHually 
graplut<ed, so that, the grains may run fn^idy > 
through till' eartridge-loadiug rmiclunes, 

Blendinq .—'Po easure uniformity of ballisLIes, 
the dUTerent> hateliiw of powder an* thoroughly 
blended, 

SpoTlinn /fmuh'lrsii jxni'drrf* have the advantage 
over black powder that they gives li'ss recoil 
and 1(«H noise 'I'liev may Im' broadly divided 
int« two elivsHos—hulk powders and condensi'd 

powders. 

Thx. hulk jxiukli'rs have a low density, and are 
designed so that a clmrge mav have the same 
bulk as black gunpowder to givi' the same 
velocity and privisurc, and so that the standard 
12>boro psjM'r cartridge, of inches nominal 
longtli and holding !1 drams of gunpowder by 
moafinTC, needs no alteration^ Tliey are used 
mainly in shot guns, and only to a limited 
extent in eporting rifles. Relatively to military 
powders, they are n^quired to Ik* quick-burning, 
and are oon8iH}uently not «o completely gela¬ 
tinised. The gndna are loose and ortlv^surfaco 
hardened by moans of a solvent, 'they are 
usually composed of soluble nitrocellulose, or a 
' mixed nitrocolluloee containing about 12*5-12*8 
p.o. nitrogen, incorporated in the usual mill 
with a mixture of barium and potassium 
nitrates. Usually about 7 parts of^ barium 
nitrati' are used to 1 part of potassium nitrate, 
but sometimes nitrate is ,uAed alonA 

Barium nitraV ha^tl^ advantage that it is 
not hygroscopic and yields very little smoke, 


but it has a disadvantage in leaving a residue 
in the gun that is difficult to remove. A 
small proportion of vaseline, or paraffin wax, 
is sometimes added as a modcrant. Starch is 
used occasionally tu help in the agglomeration 
of the grains, and camphor was at one time used 
to help the gelatinisation. Mononitro- and 
dmitro-bonzeneH and toluenes are pri«ont in 
somerpowdens to moderate the action, and assist 
the goJatiniHrtiion. Lamp black, wood meal, 
various gums, and potassium feri’ooyanide have 
also boon uHod as ingri'dienta, and a small 
propiyrtion of calcium carbonate has been added 
for stabilisation. Tbo mixture is usually 
granulated either by sprinkling with water 
and rotating in a drum or by nproading out on 
a rapidly uscillating table,, but fiomotimea the 
mixture i.s slightly eomprofised and afterwards 
broken up into grains, which are then sifted 
and dried In all cases, the solvent is sprinkled 
over the puwder after granulation. 'J’ho inanu- 
fttcture of tlicHC powders is described in detail 
by (Maser (PTng. Pat. 2M105. 1SII2), and by 
-lones (Eng. Pat. iir»4, 1H1I7). 

'riie bulk powders arc graded according to 
th(' number of grains weight that arc equivalent 
to the .‘1 drams measure of black powder. The 
original stiiiiidard cliarge was 42 grains, to-day 
MM grains is tlie most eominon, but there are 
also MS-, Mfi-, and MO-grain powders. 

The comicii/icd poinler.'i have a high density, 
and tho charge oeciipicK only one-third to one- 
lialf that of (I. gunpowder cliargu. They are 
iisi'd in cartridges with a false base of coned 
liajMT. nr m smaller cartridges in specially 
designed modern weapons. Tliese powders are 
I'omjiletoly gelatinisi-d. and are made in a 
similar way to the military fiaki* small-arm 
powdi'rs. 'riie reijuisito rate of burning is 
obtained by suitable adjustment of size and 
shape of tlie grains. The powder paste is rolled 
into thin shoots, which are cut up into small 
fiakos, and tho grains dried as usual. 

Occasionally sporting powders are made by 
an intermediate process, the grains being 
thorouglily gelatinised. Tho powder, wet with 
.solvent, is trfii.t<‘d with steam, so that the 
solvent rapidly evaporate« and loaves the grain 
in a bulky form, but tho nitrocellulose is har- 
flencd throughout the mass, and waterproofed. 

Praperiita .—Pure nitrocoUulose powders are 
groy to yellow, nnd nitroglycerin powders yellow 
to brown in colour. 'They are sometimes 
coloured by tho secondary ingredients, or dye 
subHtanco,H ma^bo added, and tho grains, more 
espocially those of smaller size, are frequently 
coatcrl with graphito, giving them a grey to 
black colour. The surface is usually smooth, but 
soniotiines matted. The powders usually have 
the consistency of horn, but those containing 
nitroglycerin are Hofter and more readily out 
than the pure nitrocellulose powden. The 
specific gravity of t|?e powders varies with their 
oompo()ttion and mode of manufacture, but tiie 
gravimetric density of the small flakes or grmns 
IS usually between 0*25 and 0*40. 

The shape of the grains varies oonsiderably. 
Sporting powders are nsa^y in grains or very 
tmn flalra; military small-arm powders mtiier 
in thin squares, reotangtilar plates or discs, or in 
smidl oul^ thin cords, or nirrow ribbons. The 
powden for Urge guns may be in tho fom 
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iMxuis, ihiok oo«ii» round or square sectioned, 
urge ou^, tubes, or cylinders, the size and 
iii^M of the grain being fulapted to any p^> 
nilor-sized g^un, so that tho highest possible 
nuzzle velocities may bo obtained without 
ixoeesive pi^uros, Tho larger the grain, the 
eas the initial burning surface per unit weight, 
uid the slower burning tho charge. Tho 
ihioker cords and cylinders are frwjuonUy |>or- 
;orat«d through their lengtfi by one or more 
ino holes. The length of the perforated cords 
nust not bo too great, or they break up into 
ragments under the |>reH8ure dovelopeu in a 
pm, and tho excessive prosHures developed may 
juTBt the gun. If very long, tubes will even 
>«rst when Hn'd in tho ojjon. Sometiiiii's lung 
wrforated cords have trannverHe cut*! or perfora- 
-ioas niad(» in them at jntorvals to facilitate the 
»cw>o of tho ga‘^os and prevent Ihf! bursting. 

InTguIarity of ignition cau-ses iiTogular 
turning and prensurea. Vlakcs, Ktri|)s. and 
ihoets may ignite, and burn irregularly, owing 
>o the grains a<lhoring together.* To [uevent 
;hi8 irregular ignition and burning, tho flakos 
ire frequently cupped, or the edges flcnlloped 
)r grooved, and the strips iuid sJux’fa liavi* grooves 
:ut in th(MU, or have ridges or small projections 
•nouldod on their surface. Fully grlatiniHed 
powders give a surfacp that is ]<‘.ss fa\ ourablo for 
gnition than the more porous iiowdens. Hough 
idgftfj on tho grams or strips facililale ignition, 
iut if not normally prosent and allowed for, 
may lead to too rapid ignition and abnormally 
tigh prewsurtw. ydimidt (I) H. F. 2K{>7H'l, 
1913) nroposps to givti a hardened rougli surface 
tuitablc lor ignition by fir.st gelatinising the i 
)Utor layers of the iiii'ssed gram'* in a batli of ! 
iootone, and then degelatmiHing tlie surface by j 
lipping in a bath of Isjnzone, or light petro- i 
!eum. i 

To obtain slow Initial burning of the grains ! 
ind low initial pressures, powdei's with delayed j 
ignition and progressive rate of burning have | 
bwn introduced. The grams arc sometimes I 
3oated with a deterrent, citJier a nou-oxplosive, 
mch OR graphik' or a wax, or a somi-explosivc | 
like clinit.rotoJuene. The idea oi^!fMn/ed igniito/i \ 
was patenksl by Jones (lilng. l^at. lljOrtS, 1898), ! 
ind was a most important step in the develop- ' 
moot of smokeless rifle powders. Ho suggested 
the use of a wax, or a mixturu of waxes, a solid 
hydrocarbon of high molting-fioint, solid sub¬ 
stances, like dinitrotolueno, which have, when 
melted, a solvent action on the substance of 
the grain, or of graphite mixed with a small 
quantity of oleaginous substance. In tho 
progresgiie pr^dlnriUi the grains are built up 
of layers of different rates of burning, the inner 
Ia 3 rer 8 liaving the higher rate. In the Dupont 
powders this result is attained by reflating 
the proceages of manufacture so as to dose the 
minute pores with tho result that the density of 
the grains is very high in the surface layers, and 
graaually deoi^asee toward^ tho interior^ These 
powders are very cool burning, and not so 
nTOToscopic as ordinary nitrocellulose powders, 
Am give a marked increase of muzzle velocity 
with^t increase in chamber pressure. Pro- 
^nasive jrawders are made at Bbttweil by 
impregnating the surface layers of the groin 
^h ' oen^lite/ dimethylphwvlm^ as a 
f'^Atfainer, and in otbtr powders ot (his class the 


groins ore impregnated by soaking In a weak 
solution of,paraffln wax in benzene. 

Stability, physical and ohemiool, under all 
conditions of climate, storage, and uso, is one of 
the most desirable qualities in a military explo¬ 
sive. Hmr>kolc«w powders usually oontain small 
quantities of nioiRtum or residual solvent. This 
has a eori^iderablo influence on the shooting 
qualities uf a powd(*r, and has to lie carefully 
j rogulak«I in iiuantitv. Tho effoot of excess of 
' solvfiit, t«j>oeialIy on tlie nitrocellulose powders, 
in causing physical instability has l>een already 
' pointf'd out. I’ure nitrt>O0lluloao or nitro- 
glvi'crin-nitriK-cliiilofic powders ore not affecteil 
In' moistur<\ but all nitrooelluloBO powders aro 
subjc'ct, to sliglit det<erioration on storage, tho 
: didcrioration iM'ing a function of tho tempera* 

, tim\ increivsing witli rise of temperature. The 
i clicnnoal stability of military powders is tested 
on maniifHCtuni and at f^'quont intervals {9te 
l<iahiliiii Nitroglycerin powders may 

exude nitroglycerin on cold storage, but it is 
•UNnallv rc-absoriied at normal temperatures. 

iSmokeleHs powderfl require smaller choices 
and gun cliarnVrH to ptwluoc equal velocities 
with black gunpowder, and the pressures ore 
nuin' slowly developed and letter sustained 
whilnl (he Rliot is in the liore of tho gun. This 
gradual developnifmt of th«‘ pressure* depends on 
thoir colloidal natuiv ; the grains when ignited 
onlv burn in Huccessivo layers, even under the 
high jirosHuroH dovidopod in a gun. An ideal 
propellant should liavo a low maximuin pressure, 
slowly (Icvolopt'd and maintained so long as the 
proji'ctilo is in the horo of the gun, and should be 
comnh'k'ly ooriHumcd at the moment the pro* 
joctilo Icaviw the lM)n>. 

Tho regularity of thu shooting of smokeleps 
])Owders, after n.‘gular'ity of ignition, dewnds on 
tho purity of the materials and the perfw*.t.ion of 
tlie manufacture. All powders are carefully 
blended, and subjected to analysis and a test for 
preasun« developed and volocities obtained 
Wore acceptance. 

»Smokeh\sH powders are very insensitive to 
sliock and percussion j they are not fired by tbo 
passage of a bullet through thorn, Kvon those 
powders with a high percentage of nitroglycerin 
cannot detonated by moans of a strong 
detonator, unless there is much unabsorbed 
nitroglyeerin jireacnt. They arc somewhat 
dilhcult to ignite, and somotimes ignite irregu¬ 
larly, owing tro their homy nature add smooth 
; surface. Suiall-arm powders require more power¬ 
ful caps than black gunpowder, and the larger 
charge require priming with gunpowder or 
' guncotUm to wake ignition certain. The 
Ignition point of gelatinised nitrooelluloae 
i powders is nlxiut 175'’-J80®, and of nitroglyeerin- 
: nitrocellulose powders about 180^-186 , when 
I the temperature is raised rather rapidly. The 
I ignitioif jjoint is lowered by heating up slowlv, 

; and even a trace of acid has a considerable 
I effect in lowering the ignition-point. 

The solid residue from smokeless powdeiu 
! and its effect on the formation of rust m sm^ 

; arms has been examined by van Pittiua {ZeatBuh. 
angew. sCbem. 1906, 848). He found that a 
graphited pure nitro^uloee powder about 
Oil p.c.dfqfaintly olkalimresidne. Themattor 
insoluble in water was O'm p.o.,«uid oontained 
graphite, oxides of oop]^ and iron, and tnoea ol 
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Antimony Hulp}ji(i(“. 'J’Ik' soiulilc nwidu«‘, O'l p.c. | sulwcquont oiling with a viscous lubricant will 
on the powder, n)nf}uii<‘<l 17 j).c. ])otas;iiurn ferro- I l)e suflicient to pmvent rusting, 
cyarudu, 17 jkc. jvrntuorjiuin carbonate, p.c. | The erosion of the bore of the guns caused 
ferric cliloijtle, p.''. jxitjusKititti carbonate, i by Htnokeless powders is almost entirely con- 
Ib ]).<-. I alciorii I blniidc. 7 |) c. ci)])jM>r Huipbate, ’ ditioned by tho tcin])erature devclojxjd in their 
and r> p.c, jjolJtsMiotti iinl iMxdiiafc. Tin- residue j exjWoHion, and not to any corrosive action of the 
conluined no nilratcH, nitrites, ciiloralcH, | ju'oductH of rmnl)\istion. It is greater with 
(TyanidcSj oi suIjiliideH. A grajiliited nitroeel- i the ]iow(l(‘rs containing nitroglyoonn than with 
lulf)so-iiifriigl\ccnn jjowder. *1(1; tiO, gav(' about ' ilie ]ntr(i nitrocidlulose powders. 

2 p.c. of a faintly afkalinr resniue of whicli onlv The gaseous products of conibustion of 
about ;A^,fli wius insoluble in wutei. and eonfiftiied sinokcles.s powders are water vapour, carbonic 
graphitr’ ami oxides of jjoii and eojqier. 'I’he acid gas, carbonic o.xide, hydrogen, nitrogen, 
soluble residin' I'oiilained ol p.e. potassiiiin and a small (piaiitit.y of marsli gas. Sometimes 
carbonate, MS pc. potassium chloude, 11 ]»<• oxides of nitrogen an^ formed when tho explo- 
potu-HHiiim antiniomati', jiiid traies of iron and ; sion is imperfect. Tlieybnay be always produced 
.sulpliale. 'riieic wen- no nitni,t(-s, nilnles, at tho inoim-nt. of explosion and be subsequently 
eliloi'ivU-H, (-yaiiides, feiroiivaniileH, sulphides, or | retluced liy th<^ largi- volume of carbonic oxido 
ammr)nium sails jirescut Jn the residues, tlic and hy(lrf)gen at a higli temperature, 
antimony. p(jt.assium, suljihale, and chloride, The heat of explosion and products of com- 
ai'tiially eoim- from the cap composition, the l»u.st]t)n of severai eommeicial varieties of 
iron largely from the gun and tlic (opper from smokeh^HS powder liave been determined by tho 
I he huilel . oidinaty caiorimetrie bomb method, by Macnab 

After experimentliig with \aiious solutions, and Leiglif.on' and the following tabl«* showing 
Pjttius eom iude.s that Du- I'esiflue from the siurie of tlieir results i.s taki-n from a paper read 
now'dciN iiri- not in t.lteins<-l\es nisi prodiicens, by tliem bi-fore the .Sociel.y of (Miemicai Industry, 
hut. hei-oiiie sti after a time, us lltey are h\gro ' iti March, l!t04 (.f. ,Snc. ('iK-ni. Ind. 1904, 
scopir. I'’re(jueiit washing out of the gun and , 29S) :— 
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boat d<-veiopod in the nit?(ic(‘lluli*se jaiwdi-rs , a general rule, with increase <if jesulting tom- 
incroOBw with the nitnwellulose content, and penil-ure and j)res.sun', there wb.s at first a slight 
that a large inert-nse t^>kes place wJien intro- nierease and then a steady deci-ease m the 
glycerin is j)rt'«ent. Other conclusions ar^, flint, volume of tho jH-nuanenl gases, also a large 
an tlu' heat mcn'ast's, the (ju'antity of rarbon mcreafle in the volume of (‘()^ and decrease in 
dioxide increases, the carbon monoxide and tlu- volume of ('(). The volume of H deereaaos 
hydrogen deoir-aHC. and a larger quantity of with Jiien-n.sing jinwnre, wlnlo that of t:H 4 
water vapour is formed. rises rajndly. He also found that the amount of 

The relative temperatim's of oxjikwon of : cro.smn depemled almost entirely on the heat 
these powders were deU'rmined by a thermo- develojUKi, and was indejM-ndent of the pree- 
electric pyrometer method d<'Hcril>ed by Macnab sure. ^ * 

and Ristori in 1900 (l*rnc. Key. Soe. tin, 221). , k>nly a few smokeless powders con be referred 
The order of tke powders aecortling to the ; to in any detail. With many powders tho details 
temperature developiMi was, bn>adly speaking, ' of composition and manufacture ore desired to 
the aame as that given by the total ^leat of be kept secret; and of the details chameterifitio 
combustion. j of any powder, only those art* given which have 

The oRnstanta of explosion of several smoko- j been alroady published, 
leas TOwdere have b^^ exhaustively examined j The military* smokeless powders, especiallj, 
by Noble, shying th^r relationship to the • arc constantly undergoing modifications and 




EXPLOSIVES. 


73 


improvements and frequently difToreni compo- 
Bitions, tiiirocollulose or Ditrocoiluloau-nitro- 
glycerin powders of different degreea of nitration 
and proportions, an'm use at the same time by 
a country for iniJifary jnirpost-H. acronling In 
the calibre of the pun iii wnicb they aitj to lx* 
iiHod, and aecnjtliijp as tiie poM'der is nspnifd 
au a propellant or fur biank uinmunilum 

At the prewt'Ht time iimst i-nuntrinH use 
nit!t>ooIluloMe powders, usiiaJly of the .same 
compoftition, but dilfennp in form of pram, for 
Htnail-arm jiurpcuscs and for tiejfi puns, and m 
tlio Unittsl Jitiites. J‘'ritnc't'. and Kussia they aie 
used even for (be iarpi-st naval gims linphuid, 
Italy, ami Xoiway nitroLdyeerm powders 
po'iierally, and nuw( othiT coimf lie.s use (hem for 
Jarpe na\ai pirns. 

( 1 ) .\}trur<Unli>.'ii Pijii'iii rn. 

Puudrf IL. or Vutih poiri/rr, was (hi‘pioneer 
of miliUiry snudveless j)o«ders. As in\en(ed b_\ 
Viedle, Ill iJSSil f.Mtuii. des JNmdiert e( Naljn'ties. 
JbOS-b). it was a mixtaire of sMiibJi' and m- 
soJubjemt.roeellnlosn, t Iiokuil’ lily pel.itimsed wit.ii 
a. mixture of etlier and aleoliol, rolled mto sheets 
and then cut into strips. ]!• sometimes eon. 
tainod aliout 2 ji.e pnratlm. Jt. had a nitropeii 
conl’i'nt of aiiouti lll'T {i.e K<u a short turn* a 
NmokeIes.s jtowdm eoniaiiiinp metaliie nitrateH 
Wiw ailopU'd Ml J’Vntiee. but event iiallv a pure 
nitro<-cl)u}us<‘ with a littii'stabiljner was adopted 
for pi'iionil us*'. Amyl alcohol was t-rnsl as a 
st-abiliser jii pro|.j<jrtion.s of 2 [i.o, and later 
S p,e., in th*' iiowdeiis JIAM^ ami Ih.AMg, but 
diphenyluniitie was afterwanls used. The nitro- 
celluhAK* us(xi in the manufiveture ('ontains 
about 4(t p.u. solubi*' nitroeelinIos<\ and as 
used is a ninvlure in tlie nnjuisito jiroportions of 
an insoluble nitroeotton t'l'i (eoton jioiuire). 
containing about liJ'H to JIf’J jxe. nitrogen, 
and a solubi*' nitrm otton isjtit.ainmg abtiut 
12 to ]2‘.'> ji.c, nitrogen. 'Plu's*' nitroeottorin are 
inanufaeturt'd altorrmtixely bv on*' *)f tli*' tlire*’ 
imuai prooosai'S, and after ifie usual wasliing, 
boiling, and pulping are dehydrated by ali'ohol. 
in the incorporation per UK) parts <jf mtnientl-on 
J4U tu 150 parts ai-«' used of ii^mixtiir*^ of J’0 
voIr. of etlier, lio Ih. sji.gr. 0-72(l't. to I vol of 
alcohol, 92‘5 p.e. by weight, sp.pr. 0'Hi(i4, 
including the alcohol nreaent m th*; nitroeotton 
after deiiydratj*)n. Tlio dijihenylamine, 1*5 to 
2 p.e, of the nitroeotton, is added with the 
solvent. The incorporation takes from 1 t.<i 3 
houra, and the ‘dough’ is squirted through a 
die, over which is a filter of fine wire gauxo t.o 
remove solid impurities, to form ribbons of 
from 20 U) 150 mm. in width, and u thiekn**ss 
which varies acconling to the calibre of the pun 
in which the powder i« to Ixi used. The ribbons 
are cut into lengtluj, and the strijis are hung on 
rods in the solvent reeovorv ehambers, where 
they first meet warm air containing a high ]>ro- 
portion of vapours of other and alcohol, and 
we gradually moved forward against ^ho air 
current, so Uiat they eventually naeet air con- 
taioing only a small proportion of solvent 
vapours. This prevents the strips curling up 
at the edges by too rapid evaporation of the 
solvent at first. Part of the solvent vapours 
18 removed from the air by condensation at a 
low temperature, and then, after being heated 
up, the air passes again into the recovery 


chambers. After th^ preliminary drying the 
strips, which still coniam 15 to 20 p.c. solvent, 
mostly alcohol, arc cut first into narrow ribbons, 
then int*) short stiijw of the requiKite siee, 
Irri'pulftr grains nn' pieke*! out by hand from 
tfi<* larger siavs, nntl sifti'd out from th(5 small 
s<jiiaro flakes u.Hod for small arms. Tho sorted 
grains aix: then further dried fur about d hours 
<u» trays m .stoves **.( 4r>'-5t)'’, then soaked, in 
canv*w bap.T or win' trays, in a tenk of hot 
wilder. (lie (im«‘ of soaking being about H hours, 
au<i the temperatiin' of the water about 75% 
iuit the time and lemjieraturo vary slightly 
: with the siz(> of the strips. Hy this soaking 
; nearly all the aleoliol m eliminated. The 
■ grinn.s are (hen dniined and the water finally 
! (ined oil' in a stove. Tiic volatile matter, 
j wat^'r, and ix'sidual solvent, left in the powder 
! IS about O s to 2 p.e. of th*' jiow*Jer, according 
! to the sj/e of tho piaitj.H. If driefl too far, tlio 
I prams ivie evjiosed li* moist air until of tho 
I reijuisite volatile <did*'nt. J'’inally, th<^ grains 
I are timroiighly bieiidi'd before beu'np jimdo up 
j irit*i <‘urtiidge.s. 

I Tlie late of burning of the Fr«'neh I'oudre H 
I IS eontrolleil not only hy tho size of grain and 
I eoiiteiit of volatile nlatter, but ivIho by varying 
i to somi' I'xli'nb the [iioportioiiH of f’l*, and 01% 
i in the jHtwiler. Cl', is not g«*iatmi«cd by the 
solvent, but mi the linished powder is coated 
l'\ the gi'IatiniHeii <'I*;.. A liiglKT proportion of 
('1%, eonM‘*ju«'nlly, gives not only greater power, 
ln'caiiM*' of jta liipher nitrogen content, but also 
moiv rapid Inirniiip, its it is iingelatiniHed. The 
pn:s*'iiee of uiigelatMiwed (.’J’l rendiirsthopowdora 
slightly yioroiiK, an»l eonH(*quentIy tho moisture 
content vii,ri*'s Koiin-wlMvi with the e*>nditionfl of 
stomp*', an*! the powders are also Iosh stable on 
stomp*' tlian the nilly gcjhvtiniHed powders. 

A', ■jKiii'itn. a Inilk wp*)rting jiowder, as 
nripinally invent'd by Ueid, was a pure nitro- 
eellido,se powder. superfieiHlIy gelatinisixl with 
etlu'T-aleoliol and eoloiircd oratigo with anrine. 
Till' K, {'. powdein are now manufactured by 
the 10. I’owder Co. at Dartford, under the 
jmtents of Julinson and Jhirland, already mnn- 
tion*'*!, and I'oritain a more highly nitrated 
cotton, with jiutu'^sium and barium nitrates and 
sometirncfl camphor and wood meal. 

WalsTcnip powder, one of the earliest granu* 
lated sporting jiow’derH, made by Wolff and Co. 
of Walsrode, is a pure nitrocellulose powder 
’ gelatinised with ethyl acetate. The grains were 
' formed, and tiie solvent elimioatod by adding 
water to the kni^adod mass and introducing 
stc'iirn,. and suljNoqucnt boiling in water; the 
grains wen; then ^entnfugatj^d and dried. The 
granulation is now effected differently, but the 
cMsential treatment is the same. The finished 
powder oontams about I p.c. of volatile matter 
and 98‘5 p.c. of nitroeotton. 

M. *Nf, or Nordenfdt, pouxUr is an 

American guncotton powder gelatinised irth 
I ethyl acetate. 

; A'oima/poteder manufactured bv the Swedish 
; Powder Co. of I.«and8krona, and adopted by the 
i Swiss Government, is a gelatinised guncotton 
, powder fnade in various forms. Ethyl acetate is 
I the gelatinising solvent. The small-artf powder 
I was at onl ^me in the ford of small, !ight>grsy, 

; graphited square tabl6t^ciftboutl’25 mm. ride, 
but now sm^ cylinden, of about 1 mm, diameter 
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and length arc nscd. It nontflins about ]'5 p.c. 
of residual eolvent, and about i)5 p.c. guncotton. 

Von VftTfttcr ‘jxmde.r (J'V. l*at. 1G4792, 1884) 
and Troinilorf 'i>itwilfr iu'<' gelatininod niti’O- 
colluloflc fittkt' piiwcli i-H, f hf fofinor containing a 
little calcium carljonaic. 

Wcttvrpu '/lowihr, made l)y <.'ooj)})al. and UHod . 
ON the Belgian S<'iviec powder. a guncotton ; 
powder, containing a littio ciik'ium carbonate, | 
gelatinised with amyl acetate. It was at one j 
tune a liilrocellultise-nitroglyeerin jiowdei, (fin- i 
Laining soluble nittocellidoKe and about JIO p.c. i 
nilntglyeerin, t,!ie .small arm powiler bcang ma<lo ; 
into graphited eiilies of about 1‘r) mm, hkU*. S 
Tlie Ib'lgian Government evi’iituaiiy a<ioj)ted a ! 
powder simdar to ‘ I’oudre B,’ eonliuniiig 
40 to 00 p.i'. .Holulile mlroeotton. and gelat.inised , 
with etber-aleoliol. The paste wa-s rolle*! into 
sheets and cut into strips or liakes. 

The Russian (Io\crnmeiil at tiist. us<'(i nilio- 
eellul(>se pijwders e<mtainiiig vaiious pioport.ions 
of insoluble and s<i]ijble nilroeuttoii, but. after 
mvestigi^ion by Mendeleell, t venluidiy adopted 
a nitroeeJluloH<> jiowilei lor liotli naval and 
military ptirfioses mnile Irom an almost eoin- 
jilctoly soluble nilioeoffon containing a liigli 
pen’entage of nitrogen, about 12‘4 p,<-., t(U'm(*d 
‘ nyroeolkidion.’ 'rius iins the atlvanfage ovit ! 
tlie niLved nilioeolionH used in Kranee, that it 
IS practically completely gt'latiinsed by otlim'- 
aleohni, and givi's n miieli more uniform colloidal 
product of increased Htability on Htoragi' Tlio 
powder is inaniifactured very inucli on tiu' linea | 
of ‘ Roudre B,' and is sta.l'iliHed with about! 
I ]i.e. (iipheiiylamim*. > 

Tlio I’niU'd ytati's set see powder wiw at one 
time tlie Mnxn>hS(/iHj)f>iinii.s iH>iri(i:r, eomposed 
of 80 j).e. insoluble mlrneelluloso, ltbr» pc, 
Holuhle nitrocellulose, and (nri p.c. urea. Anotlicr 
form contained SB p.c, guncotton, B p.c. nitro¬ 
glycerin. 10 p.c I'ollodion cotton, and 1 p.c. 
urea. Tli<'s«* powik'rs were gelatinised witJi 
acetone. Nitroceilulosi' }>owders with barium 
an<l potosKtum intrat^w, and a nit.roglyeerin ! 
powder, wen' also usial for a time as small-arm 
powders. The 7n()iltrn Ihnfal Sttitr.< 
lor all purpost'H, an* niamifa< tured fnmi a mtri) 
cpUuIosp containing about 12ri to 12'7 p.c ; 
nitrogen, about SO p e Is'ing snhible nitroeottmi. 
that is jiracticallv a “ pyrocollodion.' TJie 
nitrocotton, aft^r the nitrati<m and preliminary 
boiling, is jmJpcd in Wttt<*r made just alkaline 
with sodium carhonatt', ami boiled in poaelicrs 
for several jx'riods, carbonaU' of soda being 
added only in the first [S'riod. The nitrocotton. 
ftft^'r alcohol drying, is thoroughly colloided 
with other-alcohol, st,i\bi!ise(r with diphenyl- 
amine, and pn'ssed into short ]>eT4orate(l 
cylindcre, with usually one or. for Uie larger 
grains, seveo ix'rforations. one central, and the 
others arranged ‘ symmetrically,’ the multi- 
perforated cvlmdors differing in wol)fttlfi('kne«s 
according to the use of the powder. Tlio 
method of solvent elimination and dn,'ing the 
grains is similar to that in use in France. 

The |K>vder used in the cortridgeR for the 
Monnlicher-Soboenaucr (Austro-Hungarian) rifle 
is in the form of thin cup()ed discs, of 2 jim. dia¬ 
meter, fohtly graphiU^, c.ompoBtMl of soluble 
rntrooeUmose, with ^bout I p.c. ,of reeidxuJ 
solvent That for Ino,. Mauser (Gennan ud 
Turkish) rifle is of similar form and oompoeition. 


except that a more highly nitrated cotton 
used. 

Tho Japanoso use a nitrocellulose powdi 
containing both soluble and insoluble nitn 
cotton, tho proportions of which vary accordir 
to tho size of tno gun in which the [lowder is 1 
bo used ; the inoro rapid jiowders, used for sraa 
ai'ins and guns of low calibre, containing mo: 
of tIu* highly nitrated cotton. 'I'ho Spanish ar 
Jtutidi powilers, both for small arms an<l lar] 
guns, arc nitrocellulose, powders containir 
various [irnportions of collodion cotton ar 
guncotton. 

( 2 ) Nilroi'<'lliil(K^t Pofiulcis with Siir(ii<'n. 

Schidlzf jxjiixlcr, invented by Scliultze 
RoUdiuii, and now manufactured in Englan 
was (me of tfie carlust sporting sinokele 
pow'ders. It is manufactured from nitrati 
w'ood cellulose, s»»m(‘linicM called ‘ nitrolignin.’ 

Hard wood is cut into sheets and ])unch» 
into grams. The wood grama are jmntii'd I 
boiling witli difutesodium carbonate, by washii 
with wafer, and tn'iitiiig with eolutinii 
chloride of Iniio They are then washed, diic 
ami iminei'sed m tlu* mixture of strong nitric ai 
.Hul|ihuric acids for 2 or B liours. with freejuo 
stirring, tin* acids being kept cool. The nitrat 
wo(«l IK freed from most of tlic acid in a cent 
fugal machine, washed with water, boiled wi 
dilute sodium earlxmate, and dried. The niti 
lignin appt'tvrs to contain a large quantity 
matt^sm soluble m etlim’-alcohol, and. bcsid 
iriHohililo nitrolignm, sonu*. unconverted woe 
It i,s Hteiqied in a solution of [)Ot.as.sium at 
barium nitrattw, and dried at a low teniporatu; 
It ]« a fibrous, 42-grain, bulk pow<l(*r eontaini: 
ajiproximatoly ho p.c. nitrated eelluloso, 
which 40 j).c. is soluble in other-alcohol, 30 p 
metallic nitrates, up t/o 4 p.c. mineral jolly, a: 
up to 2 p c. volalili^ matter. 

In Inter varieties, wood pulp, treated by o 
of the usual chemical procosses to remo 
mati'rial other tlmii wood cclluloao, is used 1 
nitration. The nitraUsl wood cellulose ai 
nilniU* mixture is formed into irregular grftii 
which an' treafeil with a solvent to gelatin; 
; and harden them. Another form of tho powd 
Impnial Schtdizc, coiwists of about 80 p 
nitrolignin, 10 ]) e. barium nitraf«, 8 p.c. vaflelii 
and 2 p.e. of volatile niatU'r. It is leas bul 
than the older powder, and is said to be qui 
fn*e from smoke and to leave no n«iduo. T 
still mom modem ('?d»c powder, a golfttinifl 
:i0-grain bulk powder, and Lightning powder, 
fibrous 33-grain bulk powder, contain tho sai 
ingrtnlionts in different proportions and diffi 
entlv inanufat'tun.'d. 

I’ho modern ' Ar’. C. poivders' manufaotur 
, by the E. V. Powder Co., os already explaim 
bidong to tliis class. No. 1 contains abo 
2 p.c. roein. No. 2 2 p.c. resin and 1 p.e. camphi 
and No. 3 0 p.c. vMeline and 4 p.c. camphi 
i The diftorent varieties also contain differc 
proportions of metallic nitrates and nitroeel]ul< 
of afferent degrees of nitration. Tho cornpl 
! present In Nob. 2 and 3 is added in accocdac 
with tho suggestion of Johnson (£n^. Pat. 89f 
! 1886) to use a solution of camphor m a volat 
: iKilvent to harden the fibrous granules. No. 
was hardened by e^r-aloohoL 

AmberiU, as origin^y patented by Out 
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and Andre (Eng. Pat. 11383, 1891), was a 
mixture of insoluble and soluble ziitrooeUulose 
with nitroglycerin. The mixed nitrocelluloses 
were first granulated, and then treated with 
ether-alcohol, so that only the solublo nitro¬ 
cellulose was dissolved, and on drying, cemented 
the grains together and Jiardene^ their surface. 
A small quantity of linseed oil, paraffin, or 
shellac, was 8omotirac.s added as a modorant. 

Amberite, as now manufactured by Curtis’s 
and Harvey at Tonbridge, contains a mixture of 
potafl.sium and barium nitrates instead of the 
nitroglycerin, and a little paraffin. An analysis 
gave; 1.3 p.c. guncotton, p.o. collodion 

cotton, I9T> p.c. barium nitrate with a little 
potaasium nitrate, (5 p.c. paralTin, and 2 p.c. 
volatile matter. 

Cannomtv, also made by Curti.s’s and Harvey, 
is a similar powder to Ainberite. containing a 
higher proportion of nitrocelluloso and a smaller 
proportion of nitrates, together with small quan¬ 
tities of potassium fcrrocyanidi'aqd lamp-black. 
Rosin was a constituent of the earlier fornw. 

Ejnpiri'. -ponsier is a 33-grain fibrous, bulk 
p^owder, manufactured by Nobel’s E\pl< wives 
(/O., containing iiisoluble and soluble nitror'otton. 
about 10 p.c. metallic nitrates, and 7 p.c. 
mineral jelly, 

Namiip. is a 33-grain sporting rifle powder, 
manufactured by the New MxplrjBivos Co, 
Stowmarket, eontaining about 10 p.c. inetallie 
nitrates and f» p.<'. mineral jellv, tlm nitro¬ 
cellulose being largely msoluble. 

Pomhf' pyrorijUf is a French sporting powder, 
containir^ soluble and insoluble nilroeotton 
niixcd with about 3.5 p.c barium and potassium 
nitrat<w. The rni.xtun* is ineorjiorated with 
water, ether is them added, and the mixture 
granulated. The grains are then dried and 
afterwards glazed by means of an ether spray. 
Potidre J. contains about 83 p.o. guncotton and 
17 p.o. potassium dichromste, li. N. -pomlcr 
WM a Froneh military powder, similar t.o ‘ Poudre 
B,’ with the addition of barium and potassium 
nitrate and a little sodium carbonate. 

SmnkdU’/ts diamond, a gelatinised, 33-grain, 
bulk powder, manufactured Curtis’s and 
consists largely of insoluble nitro¬ 
cellulose, with about 15 p.c. metallic nitrates, 

8 p.c, charcoal, and 3 p.c. mineral jelly. 

po/tv/f^r made by the/American 
Smokelofis Powder (’o., i.s a J:uncotton-nitro- 
glycenn powder with barium and potassium 
nitrates. It is manufaf tured in the same way ' 
as eordito, but the powder for small arms is cut i 
into short, cylinders. j 

One form of U.S. Xatnl 'fxtmler is composed 
nf soluble nitrocellulose with barium and 
pot^iiim nitrates, and a form of U.S. Armt/ 
power nontains insoluble and solublo nitro- ] 
oeJmlose, nitroglycerin, metallic nitrates, and a ■ 
American small-arm powdere, ' 
b^idee barium nitrate, contain a small qjjantitv j 
of starch. One form of Belgian blank amm.uni- , 
of email light-coloured grains of 
soluble and insoluble nitrocotton, with about j 
*5 p.e. of barium nitrate and a little roein. 


(3) NitroceUvloit'Niiro^ycertn Powders, 

the first nitroglyoerin-nitrooelloloee 
pow^, as patented by Nob^ was a mixtorB of 
^ua! parts of ooHodiMi cotton and nitroglyterin 


with about 10 p.c. camphor. The mixture wa' 
first made'with an excess of nitroglycerin, whiol 
was afterwards removed in a press or centrifuga 
machine, and the mass then thoroughly in 
corporatod by passing between 8toam-heate< 
rollers—raalaxation, as Nobel termed it. 

In this way, nitrocotton was dissolved in thi 
' nitroglycerin, and homy, colloidal sheets o 
varying thickness obtained, wliich wore after 
"'^5^ into thin squares or cubes. Al 

sonlo factories, benzene was added to assist th< 
incoiporatiun, and afterwards removed by drying 
the finished product. 

(Jamplior, suggested to Nobel by its use ir 
celluloid, WMii at first used lu reduce the rate ol 
' burning, and was also found fo foidlitate soliitior 
of the nitrocellulose. Owing to its slow evapora¬ 
tion from the finished explosive, it led to variable 
ballistic irwult#! being obtained from the ezplo- 
.sive, and ibi uh(i was subseiiuontly abandoued. 
1 to 2 p.r, of aniline or diphonylamine is now 
usually added to ballistite for the purjioaos of 
stabilisation. 

Halll-stito is now manufaotureil by an im- 
proved process invented by Lundliolm and 
Sayers (Eng. l‘at. J0370, i889). The nitro- 
cobton, in the form of fine powder, is suspr'iided 
in water at a temperature of about 00®, the 
nitroglycerin, in which the diphonylamine is 
dissolved, is added and the mixture stirred by 
ine.ans of eomprcsHcd air. The nitrc^lyccrin 
gradually displaces the water and dissolve the 
nitrocotton, and, when the solution is complete, 
the wat<*r is partly drained off and the remainder 
removed in a oontnfugui or by pressure, and the 
mass allowed to ripen. TJie paste is then rolled 
under heavy pressure, between rollers, steam 
heated to 50‘'-00‘' to complete the incorporation 
and remove the last traces of water. The great 
advantage of this process is that the dangerous 
and tedious drying of the nitrocotton is done 
away with, 

Ballistite is the Service explosive of Italy* 
and is used not only in small squares, small 
' perforated cylinders, and larger cubes, but also 
: in cords, ‘ Filitp,' and round Hakes cut from the 
cords. The powders somotimoe contain a little 
I mineral jelly. Ballistite is used for certain 
: military purposes in England, and has been 
: adopted by some other countries specially for 
, large guns. 

Ballistite, composed of equal parts of nitro- 
, gl.vcerin and soluble nitrocellulose, has con- 
' %iderable erosive effect on the gun, and for the 
i larger guns a modified composition with a lower 
] projwrtion of nitroglyoorin, often 40 p.o., is 
used. Nitrocottofa with a proportion or insol¬ 
uble nitrocellulose is also sometimes used. The 
German cannon powders are ballistities of 
various compositions made into the form of 
thick fiakes or cubes. Borne of them approach 
cordite in^ composition, that is, they contain a 
high proportion of insoluble nitrocotton, and 
the grains are sometimes in the form of 
tubes. 

Ballistite is dark-brown in colour, wid has ao 
avdrwc» density of 1*6. It has the oouiatwoy 
of soft nom, and can easily be oat with a knife. 

It is but little affected by moistuie^ 1^9 ia mors 
siisceptilMe to heat than m^ smofajbaiPowdeB^ 
the nitroglyoerm tending to exudi^ Tte 
are frequently coated with graphite. It nuna 
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slowly in tlie ojM’u, iind Ih ftlniost fnliroly i to thofi(* ol M.l)., the proportion of nitroglycsrin 
smokelmw. • ' is raised. 

Cordilr, tl)c Kni^liwli .Service prop(?llant, is so ! Manufactare : Drying the guncotton .— 
named iKHiaiiso <jf its ut^ual cord-liko form. >'or : Formc^rly the ^omcotton wiw dried in a loose 
special j)urf)fwr.H. hcjwrn-cr, it is made into tnlie-s, i condition, but it is now loosely compressed into 
with single or several })erforaiK)nH. and is simio- j cylinders H inches dianu t’er and 4i melies high, 
times used in the fdrtn of tape, and in llaki'H made j containing about 40 p.c. moisture. Guncotton 
by slicing efuds. ! dust fornicfl in t.ii(‘ drying is the great source of 

{Jor/ijMiAitioit - Cordite is essentmlly a im.\- i danger, and its formation is obviateil by the 
ture of nitroglycerin and guncotton, tliorou^bly present, method. The guncotton cylinders arc 
ineoriioruOsl and gcjatiniHisl by means of dried m a stove on wire-gaii/.c trays, by a current 
acetone. The gmieott-on has a nitrogim content ; of air lieatcHi to alsiut 40', until they contain 
of ]).(•., and eoiit^iins not more than alxuit 0 .■» p.e. moi.st ure. Tiie drying takes from 


12 }>.c. solufile iiil.rocc‘llulos<‘, A siiiali jtro- 00 to lOO hums. 

]iortion of mineral j«'lly IS the third mgreilicnt. Mi.nng. 'riir eliarge of the cooled dry 

Mineral jelly was originally added to prevent gnti. ut.tuii, MithcK'iit for um* incorjiorator, is 
metallic fouling of the magazine rifles by tlu' , weigled out into a niblKU-ltned canvas bag, 
bullets, and was also found to (liituuish eiusi))n , euiiied t,o tlie nit-roglyceiin filtering house, and 
by acting as a restrainer or cooling ugetif.. to , t1ie re(|Uisiie eluirge of nitroglyeiM'in, which was 
improve the n'giilanty of the iuiinmg, and act . at one time wi'ighed out, is measured out from 
as a watiT-pi'fiofing agent. ■ a lead luirettc tliroiigli a rulilier tube on to tlie. 

it was .siihsequenfjy foumi that. e(jr(hle maile giiiirultou TJie hag is then carried t.o the 
for blank purp<.Hes wil hout mineral jelly was mi.ving liouse and the < t)nteii(..s rouglily mixed 
eonsiderahiy' lo.s.s stalile m hot. eliniati’s titan by luuid and nibbed Ihrougli a eopjier wore sieve 
itrdinarv cordite, mid it is now reettgiiistsl that of l-uu'li me*'h. or on iead-hiied table perforated 
the mineral jelly eontams eonstituenl.s, oh'tini's at. one i’IkI with i-incli holes through which the 
and naphth(‘ne.H. that stabilise the eordil.e for n ; iiii\tiin‘ is vublasl into the bag below. The 
jintlonged jieri'td bv eoinbining with llio |)roduet.s , jjroiliK't at this stage is knowui us ‘Cordite 
of deeompoHition. It also jiroteets the nitro- ! yx/.sP ’ 

glycerin and nitroeotlon fiom atniospherie i Inrorpornlnig.- I'urt of the ae<*tone charge 
iniliU'nees. fiist ])oured into a kneading maclunit of the 

Th(‘ inineial jells oltlained in a jiiiriieular usual t.y pe. the rnaelnno st.ii.rtie<l, and the eordito 
Htage of till* (listillation of jtetroleiim. used in the paste and tlie leniamder of the aeoione. about 
manufacture of cordite, is required to have a fg) ]i e. ot the weight of the giiiu otton in all, 
flash-iioint ahov(‘2(U‘ri't(4dh l’\). and not. til he giadimlly addisl. The imvture is eovoicd to 
oompletely melted lielow ltd '. Jt. must he fii'e pre\ enl loss of acetone, am! tlie ini.xture kneaded 
from neidity and iioneral impiintii's, and liavi for IM horn's At. tiu' (‘iid of this lime, the 
a sp.gr. of not k'ss than t)'S7 when mellcd i harge of mineral jelly is added, and the maehiue 
at ilS". run for another !li hours. During the kneading, 

Tho guncotton usi'd for the mfinufaeture of the acetone graifuaily dissolves the guncotton 
rorditi* UHiiaih' contains from Id t.o 12 jie. ami mtroglyeeriii. and tlioroughlv iTU'orjiorates 
soluble nitrocellulose. tliem with the mineral jelly. 'I^he jmiduct is 

The original cordite, the manufuetiire of calk'd ‘ Conhtr (Uiugh ' 
which wivs eoinmriieed at the Hovai (»un]iowd('r yVc.ss'ijic/.- -The eordit-e ilough i.s conveyed 
Factory in 1S!K>. was eoinposi'd of TiS p.c. inti’o- in barivds to the press house, wlieri'it is‘sijuirt^'d ’ 
glyei'nn, .‘17 p.e. guncotton, and Ti jie. mineral or ptes.sed hy plungers working in cylindrical 
jellv. Tlie I'ompositidn was tlu' sanu' for small- moulds tlirougfc a die with one or more holes, 
arms and for tlie dilTerent. eahbretl guns for ^ according to the iliameti'r of t.h<' cord rc(|uircd. 
which it was used, the reipiisite rat<' of com ' A }»'rfora1e(l plate, supporting a line wire gauze 
bufition being ohiaiiu'd by var\mg the diameter <lia}>hragm, is phvei'd above the die to retain 
of the I'ord. (Kvmg t.o ihs high iiitroglyeerin mechHineal impurities. Three kinds of presses 
eonl/Ont, this corditi' had iv high ti'inperature of are used at ^^'ah.ham Abbey—screw prt'ssea for 
e.vplosion, and produced considerable erosion in the smaller sizi's, and hydraulic or eombiuod 
guns of very large calibre, ami in 1!H>1 its com- screw and liydraulie priv'^scs for the larger Bizea. 
position WHS motlilied for .some jiurjio.ses. This The smaller-siziMl cords are wound automatically 
modifieil oonijKxsition. known os ‘ Corditr on to rci'ls rws lliey leave the die, the larger ftizes 

contains ,*}() p.e, nitrogiyciTin, p.e. guncotton, are cut into llic required lengths, 
and 5 p.e. mineral jelly'. The older eomposit.ion is I The si/.e.s of Service cordite refer to the 
known as ‘ ('orditr Mari' J.' : both varieties are ; diaineti'r of the cords in luindredthB of an inch, 
now in use. Cordite contains practically no Mt varies from size to size .W ; that in, from 

moisture, but retains about 0'4-dM) p.e. of ! Ii-():i7r) ineli iliamcter u-sed in the -303 Service 
acetone, according to the size of flic cord.s. i rifle to (K) inch diameter used in heavy guns. 
Cordit/' M.l)., owing to its smaller jiroportion of ; The actual diameters are rather lews than the 
nitnigl\Tcrin, retains more volatile' matter, about i noniin* sizes, a.s the cords slirink during dry* 
0'5 to IT» p.e. Other modifications of corcliU'j ing. • 

hove also been introduced. In one a mineral Drying. —Tlie cordite is then placed on the 
jelly containing a higher ]H'rcentage of un- reels, or the larger sizes on trays, on open racks 
saiuratt^l hydrocarbons is used to inen'ose the in stoves, heated by steam pipes or by a current 
stability' of the preset, and another contains i of hot air at a temperature of about 40®. For 
soluble nitrocotton |jmitea4 of gutittomm. The i the smallest sizes no heating of the stdve is 
former has the some j^poltions as M.D., in | necessary in suznincr time. The time required 
the Jatt«r, in order to obtain similar ballistics ' for drying varies, according to tho diameter of 
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tiiu curd, from 2 to 15 dava. Tiio di'ying is to kept under wator, aait or ftt.'sh, for somo tiitte 
remove any moisture and the greater part of without its explosive properties being affected. 
tJie acetone, of whu:h. about 15 p.c. romaius in Even whGn iirod wet from a gun, the balliatics 
the pressed c-ordite. The residual volatile only fall off to the extent due to tho evaporation 
matter in Mark 1. cordito varies with the size of t)ie water. On prolonged cold storage, the 
of cord from 0*4 to 0’6 p.c. M.l). cordite nitroglycerin exudes slightly, but is gradually 
requires a much longer time for drying tlian reabsorbed when tho tomptiraturo rises. The 
Mark I., several months' heating b('ing necessary sp.gr. of cordito Mark i. is about 1'50-1‘57, that 
for tho largest sizes. of cordili- M. 1). being l-58-l'5!). 

A jnocess ior tho recovery of tiic acetone lias (Airdite does not ignite very readily, but 
been jiatentcd by Kobertsou and Rintuul fKng. wli^n once ignited it burns slowly with a strong 
Pat. 2o!>H4. in M'hich tho lur, containing yellowi.sii /lame, wiiioh is [iracticially smokeless, 

only a low jicrccutagc of acclone, after bmng ' A stick becomoH jiointed at tho end os it burns, 
saturated with moisture, is loci into » si-rubbing ' and the llamo can be extinguished by blowing 
Lower throiigli winch a 3U ]i c. solution of : strongly on it. A considerable bulk of cordite 
Hodmni iHsuljthilo trickles. Tiio acetone is : can be buincd away m tho open without any 
n'cos'ercd by distillation at a Icmpcnitiirc such , cxplo-sion. It only buni-s e.vplo.sively when 
that tho bisulphite i.s not docfimiio.scd and can I strongly conllned if an ignition of tho cordito 
be iiscil ag<^in. j conlincd iii a wooden bo.x takes place, tho 

fUnidnifj .—The rorditn is linaliy tlioroughly I eordit.!* does not o.xplode, but burns quietly, and 
blended in order to olitam average unifuniuty tho box is only broken open to allow tlie goaos 
of composition and ballistn-s. 'I’he small-arm i to cs('a|a’. 

corditc' iH bli-mled by uniformly winding the' ()M’mg tu Llic ditliculty of ignition of cordito, 
cortls from 10 ns-ks on to one iaiger rod, ami : a siriinger cap of ditfen'nt coinposition is 
afterwiudH from Hi\(>f these tcn-stnuided reels on ! ncci'ssary to ignite the line. cordiU^ in Hinall- 
to one MVl v-stranded rei-l. 'I'lie larger sizes are ' arm ainmiinitiori tJiari was i'e({vnred for black 
blended by hand, the sticks /'roiii the diying- jiowdt'r, and to eii.sure tho ignition of the larger 
stove trays being placed jii boxes and the eon- sjzos the charge of eordite has to l>o primod 

t<'nts of tliese blenilud bv eonibitung a few with an onhnary black powder or guncotton 

sticks fnmi isioli box, tlio ojieration being ‘ [nimer.' which jiasscs ou tiio flamo of tho 

repeated. i ignitnij ■ t-ubo ’ to tlu' ehargii. 

Tcjitit}//: -The residual solvent or dordib' is very msciwitivo tu shock, and 

moisture is determined on tho ground samjile, cannot be exploded by tho passago of a rifle 
precaution being taken to prevent loss of intro- bullet through it. 

glycerin. 5 grams of siftings of tlii' same size. Exluiustivo trials under very varied climatic 
as tho.si> used for the Abel heat lost, are licati^d eonditioiiH hav<' proved that tho ballistic 

for 2 hours on a water-bath in an aluminium dish stability of eordito is very great, 
covered w’ltJi a glass oono, both of sjiecitiod , Tlie ballistic power of cordito is very nearly 
dimensions {.mt .Murslmli, J. Woo. (’Iicin. Jnd. j four times tliat of black powder, owing to the 
llK/4, 154), ; increased volume of gastw liboratod por unit of 

—"Weigh out 2 grams of very fine | weight and tho high Umijioraturo of the cxplo- 

siftings into a iSo.xIdet thimble, and allow to i sum. Jt can give a prewHuro, on oxploaion, of 

stand envered witli etiier m the extractor ov«*r- I more tiian 120 tons per square inch, compared 
night. Kxtraoi fur 2 hourx, then dry the j witli 43 toiw, tho maximum obtainable with 

thimble and contents at 50 ''' until tiio guncotton 1 black powdor, but in jiractice the prosaure in a 

can be removed to watch gla'-'ses. .Dry at the j gun doe.s not nearly attain this figure {not above 
same t<miperature, till the ffiincotloii is of constant i 17 tons jw*r s<pjarc inch) owing to the relatively 
weight. Tho (vxtrai lrod gun(‘ott®n may bo sub- largo size of tho gun chamber compared with the 
milted to the usual tests for guncotton. volume of the (“ordite. 

Distil off tho etlicr from tho extract and di.s- Tiio balii.stie results of cordite are more 
solve out th(^ nitroglycerin with cold methyl infiuonced by toniperaturo than was the case with 
alcohol, filtering th(i solution. Dissolve any black jiowder, tho pressure developed and 

mineral jelly on the filter witii'ether back into 1 velocity of tho shot Ixung greater with in- 
tho flask, fii.stil, heat in a wuUir-oven, and suck crea-sod temperature, but not to the extent of 
out any traee.s of uitroglyec'rin vapoui-s with an scriou.sly modifying the sliooting under Service 
air ouramt. Repeat till the mineral jelly is of i-onditions. 'Tho smaller tho size of cordite, the 
coiwtant weight, Tho niirojlycenn is usually more rapid tho pxplosion, and cordito bums 
estimated by diffenmeo. more quickly under high than under low 

//en/ tvM. —iS’se AlieTs stability tost. pr«t.suros. 

hiring proof for velocity and preasuro in a The pressure due to cordite is more gradually 
gun of the standard typo for the particular form developed in the gun than was tho case with 
of cordite (see Ballistic.-n of a Propellant). black ao^der, and is bt'ttor sustained. The 

Properties .—(/ordite varies in colour from heat of combustion, products of explosion, and 
light dark brown, according to tlio eJour of oth<?t explosion constants for Mark I, cordite 
the mineral jelly used, (/ordite Mark J. has tho were (’xainined, in 18‘i)3, by Deoring at Woolwich, 
cim.shtenoy of hard indiarubber. it is some- Ho worked with an explosion bomb, made of 
what elfistie, and can be readily cut with a knife, gun-steel, about 1'27 inches in thickneM and 
( -ordite M. D. is considerably harder, being more 108 c.c.fcapacity. The following are some oi 
like horn and more brittle, and can only to cut the results obtained with a cordito tho 
with difficulty. compoBitiqji t loss, 0*24 b.c. ; mtro^yoerln, 

^ Cordite has a slight odonr of acetone, and it 68*65 p.c. f guncotton, v 36*11* p.<i. *, and 
u poisonous. It is water repeUant, and can be miners jcJly* fi'lO p.A; the ^areo quoted 
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bving tbo averages of a largo number of oxperi* 

menta:— 


Preuure (lcv«ioi>e<l. tons jier ; 
sq. Inch (by crusher Kaiiwe) ; (5‘4 

Vol. of I'Cnn kuich nt (' htkI 
76(J mm., nor Kill, corhilo (5G3‘7 
Volume of tolu! ditto dlUo i 88U'7 

Water formed, Knuu per Kram , . 

I'ordiU • ■ ' 0’i757 ; h l(i~3 

tiuniitlly o( heut dcMdoped, : 

Knuu dcKreoK per Kram 
cordite . wuler, hiiiiid 
Dltt^) ditto, water. Kat*eouK 


66iJ-8 
! 870-7 


671-1 

80y-8 


P.c.i'ompjiwrm.KaM)' 


vola CO. 
CO 
H 
N 


uiiri 

1181 

2.V4U 
87 iVl 
. 17 48 
IS) ; 


: I8:is)-l 1 L^ 2 -U 
1152--- lir.7-8 


CUi not. dtd 


; 2H-2(i 
' 88'82 
18 :i5 
IS)-00 
; 084 


With the explosion gases at li'4 tona nri-HSuio. 
Jlooriiig caloulatcd tlio ^jx'i iIk' heat to Ih“ almut 
0-‘l0ll, ami the l^onjieiature of tho ga-se.s about 
2830 ; and will) a pressure of 7‘0 tons, a specitie 
boat of about U-llCd) and a teniperatim' of 3120 . 
Tl)e ox[>l(w:oii eonstaiiUs of eordite Mark 1. and 
cordite M. D. have also been determined by 
Hoix'rtsun, at Widthain Ablx-y. Tbo following 
I'cHults were obtained witli a densiU of loading 
of 0*2:— 

Coiillte Cordltu 
Murk 1. M. U 

Heat of explosion, calorkw p<’r grain, 
at coiislaul vol. : wati'r, giuscouB. lir>li lKir> 
Total gases, e.o. piu- gram, at 0^ at 

700 mm. : water, gaseous . . 871 020 

TemjKjraturo of explosion, ^1'. . 20113 2374 

Thu larger volume of gaseous produots and 
lower Uunjicrature e.\plain wh> tire erosive eOeet 
of oordiU) iM. 0. is so niueli les-s than that of 
cordite Mark J. Tin* expuriiueiiU of Mobel have 
^roady Ixien referred to. 

The (TOHive otleets of cordite, arti than 
those of black powder, and of a dillen-nt eharae- 
Icr. With black powder, Uio surface of the gun 
is pitted by tlio corrosive action of the producUs 
of combustion, whil.st witli corditi' the surface 
is Hinoothh waslicil away, only near the gun 
eliamber, by the piussage ot the but gases 
bctwwn th«' projei-lile and the bore, befon* the 
■ iuortia of tho projectile is overcome, t'ordite 
gives far Itws llaiiie than cordite Mark I. 
when used in rifles or uiaebine gun.s. 

Maxunn pouxUr contains both soluble and 
insoluble nitrocellulotic, niainly iilhoIuIiIc. nilro- 
glyoerin, castor oil, and originally an alkaline 
carbonate. Acetone is the solvent used for 
gelatinisation. It is made in cyliudrieal grams 
or in cords of various diametors. 

Azilc, made by Kynoehs, Ltd., is a guu- 
t‘otton*niti‘oglyeerin powder with vaseline and 
olive oil, and somotiiiiea potassium and barium 
nitrates and oxalates, to reduce the temjwrature 
of explosion and decrease metallic fouling, made 
in the form of a rail-shaj>ed ribbon. Its ballistics 
are equal to those of cordite, and are said to be 
less variable with oliangee of temperature. 

Moddilf, e Bportiiig rifle pow-der manu- 
^ faoturod by Eley Broe., ia a gelatinised ^mixture 
of nitrocotton, of which one-third is soluble 
nitrooeUiiiose, and ^rntroglyoerin wif.h about 
4 p. 0 , mineral jolly. % 

iSolcnite ia an Italii^ powder used instead 
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of bnllistite for guns of large calibre, containi^ 
40 p.c. insoluble nitrocellulose, 30 p.o. soluble 
nitrocellulose, and 30 p.c. nitroglycerin gelatinised 
with acetone. It is stabibsed with 1-3 p.c. 
mineral jelly, and is in the form of short tubes. 

(4) NUrocellulose-NUro- Derivative Powders. 

Iwluriie, patented by Munro of the United 
States (Eng. Pat. 680, 1803), contains 40 p.c. 
guncotton, irc5cd from low-er nitrates by thorough 
! extraction with methyl alcohol, and 00 p.c. 

' inononitrobenzene, with or witliout oxidising 
' salts. The mixture i.s rolled into .sheets and out 
’ into grains. The grains are treated with hot 
i water or sb'iun, which hardeiw or indurates them 
to the cousistciioy of bone: hence tlio name. 

Du Pont poirrler, patented by Hu Pout of the 
' UniU*d StatcH (Eng. I*at. 15805, 1893), coutaioH 
; nlt^oeellulo.s(^ and iiitrobeii/.cne, and sometimes 
potii^Hiuni niLiate. Tlie nitiocelluloso is agitated 
, in water, tlie nitrobenzene added, and tho mass 
' agitated until,the nitrocellulose is dissolved and 
grains are formed, when tlic grains arc hardened 
by blowing in steam. In sonic of tlie powders, 
a little nitron'sin or nitioturi>entiuc was added 
as a jnoderaiit. Liitcn' Du I'ont powders con* 
tained about 40 ji.c. soluble lutrocoilulose, 40 p.c. 
nitroglycciin, and 20 p.c. ammonium picratc, 
the cylindrical grams being grapUited. 

(hlt'a pmtol annnaiiitiOii contains a powder 
; in the form ot tiim grapliited squares, 1 mni. 
i side, conHistiiig of guncotton witli about 6 p.c. 
of dinitrobuirzetiu. 

FeUxiU IS a fibrous, 42-grain, bulk powder, 

: manufacbuml by tho New Explosives Co. at 
Ktowmarkut, containing both metallic nitrates 
and nitroliydroearboii, and about 3 p.c. vaseline, 
Jiol .dar and iV. E. yo\Viki are powders uf 
! dilTerent grade, the former 33 grain, the latter 
3l) grain, containing the same ingredients in 
dilTeront proportions. 

Orcener's itomkr is a nitrocellulo-se-nitro* 
benzene powder coloured with lampblack. 

JhfJte, manufactured by the Smokeless 
Powder Co. of Warwick, is a uitrowUulose 
powder gelatinised by acetone containing a 
small proportitn of dinitrotoluonc, and the 
iS.S. powder, emokele.'ts shot-gun, of the some 
company is a similar powder containing a 
rather large proportion of barium nitrate with 
a little potassium nitrate and a little wood meal. 

a sportinfj nllo variety of this powder, 
is thoroughly colloulcd. It contains mainly 
soluble, instead of insoluble nitrocellulose, a 
i higlici- proportion of nitrohydrocarbon, about 
20 p.c. metallic nitratoe, and 8 p.c. starch. It 
' was introduced in 1890, and was the first 
practical colloidal smokeless powder considered 
! tor military purposes. 

1 Kynoch'd smokeless powder is similar in 
: composition to S.S. powder. 

Phistomenite is a German powder invented 
: by Guttler, made by inoorporating one part ot 
i nitroli^in with 5 parte of fused dinitrotoluene 
i and granulating the fused mass. It may also 
I contain barium nitrate. 

Some forms of Norweffian baUistik contain 
from 6 to 0 p.c. nitronaphthalene. 

Puly powder is a Bbrous, 42-gnu^^ bulk 
sporting powder, manufactured by Curtis's aild 
iUiYey, containing about 60 p.a niteocaUnkae, 
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ffininly uwoluble, with meteUio nitrates, about 
9 p.c. aitrobydrowbon, and 6 p.o. etarcL 

Sfnokele^a coniaining picratra^ 

ueuaUv ammomam picrate, have b^n fre- 
quenUy tried, both for sporting and military 
pnrpoeos, but they have t^en practically aban¬ 
doned at the present time. A recently euggeeU'd 
propellant for small arras and guns by the 
Poiraerite Explosives Co., of New South VN'ales 
(Eng. Fat. 1(5505, 1U15), is a nitroglycenn 
powder with 1 j>.c, mineral jelly, and 2 jj.e. 
calcium picrato. Jt is claimed to br more 
powerful than cordite, and quite stable. Some 
of the early Fremh military smokelobs powders 
contained picric acid, and at one time a powder 
eontaining about 5 p.c. ammonium picrate was 
tried in the Mauser rifle by Germany. 

The Amcricuii Pfi/ton jxiwder w’as, at one 
time, a nitrocellulose and nitroglycerin powder ! 
containing about 20 ]).e. anmioniuin )iicraU\ 

FU!.MI^ATKS, 

Although the fulmmatc.s of .many heavy 
metals havt^ been prepared, most of l.lu-m are 
exceedingly sensitive and l-tH> uusLahle lor use ui 
explosives. The mercury salt is tlie only one 
iu practical use, though mltnf Jiilminair has j 
Ixwn lieonsed for use in toy Urcwmlvs only, i 
.Silver fulminate is prepai. rl in a sitnihvi manner 
to meroury fulminati'. Jl is mon* Heiisitivi’ to 
friction and percussion than the inenniry iom- 
pound, and has a greater e.vplosivc powin'. 

Mercurif fulminate, di.scovercd by Howaid in 
1800, is produced by the reaction wln<-h ensues 
on mixing iogetlier alcohol and a solution of 
mercury in excess of nitric acid. 

In Liebig's procqHs, and (Ih-vuIuth modi- 
licatiun of It as used m Frame, liic solution of 
mercury in niUb’ acid i.s used cold ; m Olumde- 
lon’e Tirocess it is used warm. 

Cfttiuhtr'fi proccaa. Jl parts by weight of 
mercury (JhX) grams) are duvolvcd'in the cold 
in 30 parts of nitric aciil of 1'34 spgr., and the 
solution is poured into a flask eontaining 10 
of alcohol (of (Wji.e stixmgth). After some 
minutes an enorgelic reaction conjmonc(«, witli 
formation of crystals of mercury fulminate. 
Towards the end of the operatnmftwo successive 
additions of 2'38 and 1 ’58 parts of alcohol are 
made; the fulminate obtained is thorouglily 
washed and dried. 

The addition of too large a quantity of cold 
alcohol towards the end of the operation is 
stated to yield an impure fulminate. The yield 
by this p^eea varies between 118 and 128 p.c. 
of the weight of mercury used. 

Chanddon'a •proceaft is the one almost 
universally uao<l, and the origioal proportions 
are usuaDy closely adhered to. 1 part by 
weijjht of mercury is diissolved in 10 parts of 
nitno acid (.sp.gr. 1’4) at a gentle heat; the j 
solution, at a temperature of about 65®, is poured i 
into a capacious flask or retort (its capacity must 
TO at least equal to six timcf the volume of the 
hqnid) containing 8'3 parts of alcohol (oPsp.gr. 

The flask is connected by a cork and I 
kube with a stoneware condeoaer, to recover 
Bpirit. • I 

In about a quarter of an hour, the reaction i 
with a slight formation of gas i 
babUee; vezy soon tbe liquid boils, and the i 
becomes Blled with voliiminous white I 


vapour. The violence of the action can be 
checked by adding, as required, a little atoohul; 
for this purpose the recovered spirit after redis* 
tiljation with caustic soda can he utilised. If 
I the reaction be too much restrained in this way, 
I the fulminate is likely to contain metsldo 
mercury. 

The mercury fulminate is precipitated 
from the liquid in small greyish-coloured needles. 
^Vh^‘n the action is over, the contents of the 
rcti^ are cooled down quickly and the motJier 
liqi.Kl poured oil, the fulminate is tiltered and 
; waslu'd, then pasHcd tlir(.)ugh a tin© not Alter 
to remove largo ciyistals, and Jinally wasliod 
on a finer net lilter until friT from acidity. The 
nitric acid liquid, after cooling, does not contain 
anv ajijireciablc quantity of mercury. The col- 
eufated yield of fulminate is 142 per 100 of mer¬ 
cury ; by this procens the mean yield is 125 p.o. 
mercury fulminut<‘. 

A |)roc(*H.s vi'iT Himilar to the above is oui- 
ployi'cl in Hum country ; the yield of fulminate 
IS about 123 parts per 100 of mercury. 

Mercury lulminato is uwiiolly liglit brown* 
gr(*y in colour. White JulnuniUv of mercury is 
manufactured by adding a little copper and 
hydroclilonc! acid or potoMHium chloride to the 
solution of mercury nitrate, before pouring it 
i into th<' alcohol. tSi^onina (ZeitMch. Gw. Schiess* 
u. SpiengHtofTwesen. 1010, 41, (i7) finds that 
other chlorides have a similar elTecl, but that 
the use of hY<ii'ochlorjc acid alone loads to the 
formation of a eoDNiderablo quantity of oxalic 
acid whiidi eontaminaUis the fulminate. Ho 
finds that the purest fulminate results from tho 
addition of cunrous cliloridc. 

Mercury fulminate is sometime* locrystallised 
from boiling water or from alcohol, but this is 
not uKually fouml nocessary. The best method 
I of puiilication is to dissolve in pyridine, filter 
j tho solution, and precipitate by adding an 
oxccBs of water. Traces of free morcuiy can be 
! removed from fulminat<j by placing it for a few 
days in a vacuum desiccator. 

Angelico (Ciiom. Ziratr. IbOl, ii. 404} prepares 
morcury fulminate by treating a solution of 
mercury in an c.xceKs of dilute nitric atdd with 
a strong aqueous solution of malonic acid and a 
little sodium nitrite solution. A considerable 
rise of temperature take>* jiloce, with copious 
evolution oi carbonic acid gas, and crystals *of 
fulminate separate out. So far as is known, 
this process has not hs'cn used on the manu¬ 
facturing scale. 

J'^ulminate is usually stored in linen b^s 
immersed in water, l^he explosive power of 
samples is unaffected even by prolonged storage 
under these (■OD<liiions at normal temperatures. 
Before use it is usually washed through a 40- 
mesh sieve. If dry fulminate is required, ft is 
spread out on linen or jiaper, support^ in 
wooden, frames with string-net bottoms, and 
dried in a current of dry air, or it is spread out 
on cloths on copper tabies, varnished with co|Nd 
to prevent attack by the wet fulminate, hnatfid 
either by hot water or steam, at a temperatuia 
of about 40®, the temperatore not being flowed 
to rise gbove 45®. Fasaburg of Breaiaa has 
devised an apparatus for drying folmipate of 
mercury ii^ a vacunni. Tl^dryiiu chamber is 
heated Dv steam, which ea^be reijaced ij oold 
water when the fulmint^ is dry. ExfdoidvvB 
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only burn with difliculty in u vjicnuni, and there 
is suflieienl vacnioiiH Hjiace, with the aid of 
flafetv valvtB, to }H('\oiit any damage,* should an 
icriitn.n take })la(;c of I lie fiuantity of fulminate 
drij^d at one time. ^Vhoii dry, the fulminate 
is iiHowcd to cool, any 1uiii[)n are broken down 
by a si>fL pad, and tlu* fulniiimte passed through 
u inurtim elolli. I'lni dry tnliiiinaU^ is stored in 
j>a])ier niaclie eyhixlers with lids. 

rlir.s.-- ('oniiiiercial ineieury fulminal.e 
in in the form of small erystals, tjf wliit^ oi 
pale-brown eoloiir. The erjstidH of most I'oiu- 
niereml HaiiipJes all paws an SU-mewli sieve, 
SO j).c. or so ])ass a 120-niesh, and aliowl' 00 p 
pOMK a 2tl0-nu'.sli. Some veiy line eryslal dust 
is usually j)teH(uil. It er^slallises m well delined 
oelaliedra, wliiih freijiieiilly twin along flu 
major a\is, and rejieat.ed l.wnmiiig to foi m laililer 
like crystals is eommon. '['he larger eiysta!- 
are usually trmi'ati'd to smdi an exteiil thal 


minato in fine powder by friction or shock, that 
with iO p.c. of water it decomi>oaeri without de¬ 
tonation, that with n p.c. water only the portion 
Btruck dotonatcH. Tiieac results were, liowcvor, 
olitained with small quantities of fulminate, and 
should not be prcBumcd on in manipulating tho 
Hulmtance. In small (iiiaiititirB it will bum 
liernely without explosion when ignited, and 
large quaiititie.s may bo safely destroyed by 
burning it in a train after mixing with oil. 

} Menairy fulminate, when heaU'd with a largo 
; volume of water undiT pre.ssure, <leconipose.s 
into inetallie meieurv and non-c'X[)losivc mercury 
romjioutuls of unknown composition. Small 
ijuantities may be destroyed by warminc with 
aiumoniiim sulpliide or sodium tliiosulphate, 
eai'c being taken tliat the suljihido or thio- 
suljihute 1 ,-i in sulbeient exeess. 

' Wlien only slightly eonlineil, evr-n lictween 
j sheets f)f paper, mercury fulminate (;xplode8 


tliey form plate,| 
in a state of pimtv it' er\sl.;dlises in wlnle \ 
silky net'dles. It id uimost iii'-oliibit' ui <-olil I 
water, lint, soluhle 111 l.'tlMiine.s it,s weight'ol boil- 1 
ing wat'cr. It is deumipoMd .slowlv iiy boiling 
water, and esen at lower lem[Jela.t■ule.^ on jiro- 
longeil digestion, The blown colour o( some 
eoninirn-ial sample^, atitnbiited to the }iks('iii’ 1 ‘ 
of Tt'sinoiis iiiijiuiit.ies, IS usually laenly disl.ri- 
bated tliioiighoiit' f<he eryst'als. hut' in some 
Hum|»leM ill oei'iii's mainl\ along the edge^ (jf the 
crvsiuls. ot in siiots The latiMU’ er_sstal^ gene- 
rally luv\e the darker eoloiir It. is soluhle m 
pyrKlino. ami alcohol l''ulmiiuvte mas lie dis- 
Bolved to a elear solution in ainniouia, and in 
Bobitions of potassiuin esatude or sodium thio- 
Bulpliate. Tlie pumars leaelioii for the solution 
in thiosulphate i.s rejnesc'iited by the eijiintum 

IftffCNO)'. 1 2Nu.S,(), i 211,0 

llgS^Ou i I'.N, I 4NaOll 

A small ro.sidue ia hdt from eommereial siuupies. 
which eoiisistB largely of five iiKueury, hut also 
contains mercury eoinpoimds, eont aming cm bon 
and hydrogen, of imccrlam conqiosn.ion. It , 
lias a swcctisli metallic taste, and is u.sualls \ 
stated to be scry pois(mnus. llosves’er, fungi 
fiX'quc-ntly gross on organic matt-m', the linen 
bags and svouden barrels m ssliich fulminaU' is 
BtoiTid, ni contact ssith it-' dilute solulum in 
water, and worknum engaip-d m handling wet 
fulminate do not show signs of moieury pmsou- 
ing. A non poisunous jiroperty would accord 
more with tfic fact (hat an aqueosis solution of ! 
fulminate doea not give the. ordinary reactions ; 
for meret^ry ions. ! 

Itri sp.g^ is 4'42 CBertholot and N'leille). The 
bulk density of different Baniples vanes eon- 
Biderably, and mainly acconling to the si/e of 
the cryatals. It is difficult to get very eon- 
eordont results, os much dojsends on tlie amount 
of tapping, l)ut eoin|>arativc iigun-s for^tine and 
eoaraefulminat'Oti were 1 ’llS and I r^.speetively. 
This x'ariatiou i.s of imjiortance in eliarging 
fttltninaUs detionatow by measuremont. In the 
dry state it explode.^ violently by a iiuMleraU' 
blow or bs' slignt friction; it.« sensitis'oiu'ss is 
IcBBoned wlien it is moist«*ncd wit h wat^'r. I..arge 
crj’stala fti^d complex crystalR and cluHten ans 
more 'eeusitivo ^lan small crystals. Thus 
Berthelol st^tee tlmi the preeeneo* ot 30 p.c. of 
water prevents the d^ompoeition of tho ful- 


violentlv when ignited. 

it ia det'omited by heat'; tlie Lomperalure of 
e\[.lo.si(m IS yunously stated as Ih 7'\ 200^', and 
TIk' liniig-point, as usual, dejiends on 
the form cif apparatus and the rapulity of 
heating up, ignition takes ])iuee at a lower 
tem})eiature if the explosive' be slowly heated 
tlian wlieti lieiiling up is rapid, and with inereiMod 
(juantity of inat'i'nal. when this is small, up to 
a binilmg weight. The results arc, no doubt, 
iiiiiiKMieed by the Ix'at of deeoMif»o.situm of tho 
luatenal decomposing before igiiitKin, Wohler 
i found that w’lth 0-02 gram of fulminate dotona- 
! liioii took place afliT T) seconds at a temperature 
|of21;V’. 

It ean also be exploded by a spark from an 
I Miduetion eml or by eonkact wil li stTong sui- 
I pliuric acid. Fulminate ean bo exploded by 
I I'oulact with n wire lieated to ineandeseence by 
j means of an elei'trie eunvni, but iv only 

' the part actually in eoiit'iu’t tires. 

'(’ho produetB of ita detonation are carbonio 
oxide, nitrogen, and metullic meicury. Eertho- 
lul and Vieillc examined them--tho fulminote 
being di'tonait'd in an atmosphi're of lutrogon— 
ami obtained m five exjiiTimenlB per 1 gram 
fiilininati' 2I>4 2 c.c. of goso.s, consisting of (!Oj 
015 vol , ('() bri-70 vols., N :t2-2t; vols.. H 1-89 
voLs. per 100 vols. gius. This agrees with 
Hg(’,N,(),--2i:L)+2N+Hg 
requiring 2.‘b5'l) e.e. From the,se results and from 
an estimation ei the mercury, they obtain for the 
composition by weight of mercury fulminate, 
C 8-85 p.c.. Hg 71-30 p.c., N 9-00 p.c., 0 U-06 
>.r.. fl 0-04 p.c.. total lOO’Si, every constituent 
laving been estimated. This confinria the ac- 
ee])ted formula Hgt’^NjOa. requiring C 8-45 p.C., 
Hg 70*42 p.c., N it*80 p.c., 0 11*27 p.c. The ful¬ 
minate anal^'Bcd contained a trace of metaUie 
mercury. 

The decomposition HgOjNjOj into 

200+2N+Hg * 

(lisen^ges -f 114'^ ('alories (kgm.-degrees) of 
heiU constant pressuro per 284 grams ful¬ 
minate, the mercury supposed liquid ; for mer- 
] ourj' gaseous, -pOO*! Cals.; or per I kgm. 

: fulminate, 403 C«]s. and 349 Cals, reapectivdy. 
i Mercury fulminate is on endothermic sub- 
stance; in its formation from iU elements there 
is absorption of heat, —02*9 Cah. per 284 grams, 
or —221*5 Cals, per 1 kgnu 
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rito prawure produced by the detonation of 
feory fulminate in a space entirely filled 
i has been estimated by Berthelot and Vieillo 
he crusher-gauge apiMratus of the former; 
jf fhid it to btf mon,^ than twice that of nitro- 
jarin, and about three timee that of gun- 
bn, detoimtt'd in 8pa<?o8 filled by them (but 
pd ing the interstitial air of the guncotton), 
"y altributiO the jxjwer of mercury fulminate 
ffectiug detonation to the grt^alness of tluH 
■ure, coupled with ith sudden flovelopmont 
fthelotand Vieillc. .\nnalen, f2Jl 5(H>, IKtsO). 
The main factor causing tln^ dctoiiative 
^ eter of the ex]»losion of mcreiirv fvilminale, 
rperhaps, the extreme rapidity the explo- 
bi, which is further In'ljMnl by the high deiifjity 
the explosive. The effects‘of the d<'t(*mition 
fulminate and fulminate eomjnwition.s are 
ways quite local. The Kharpne.s.s of the 


Catiion ani nitrogm may be estimated bv a 
careful combustion, if the fulminate is mixed 
with a I%rge excess of eoppor oxide. The 
mercury is absorbed by gold leaf placed in the 
(calcium chloride IuIk*. 

KxploAiic 'ixtu'vr i.s found by tiring in lead 
blocks. 20 gmins are fired, olceiric^y, in a 
oybndrieal lead block G inclios high and 4 InobeB 
in diameter, with an axial cvlindrical h’olo 
0-2r) inch in diameter and 2 imdu^s dt^op. The 
enlargement of the cavity formed, measured by 
runi.iiig 111 wait r from a burette, is an index of 
the cxjiloHivo power, os compared with that of 
.standard samples. 

Fl'I.su.satb CoMlMSmONS. 

•Mercury fulminate i.s uatnl in dotonatofs, and 
is the active ingredient in igniting and detonating 
mixture.s, its value depruiding on ita extreme 


plosion in also no doubt connected with tlie .sensitiveness to frietion and jK'rcussion, 


C't that the jiroduets of di'tonation do not 
idergct di.sHociation, ami ho tlie explosive re- 
tioQ is not prolongc<l by plieiumn'iion, as 

uauallv the ease 

The farger the ciystals of fulminaU', the more 
ally can it 1 h' detonated ani) the. gn-a1er the 
:pli.wivo ellect: for this n-rw^on. hrown or grey 
Immatc is slightly more powerful flmn white. 

Tcfifin^ : j/inwropf .--The crystals should 
I well defined, of iinibirm size, timl free from 
dblo imnurities. Metallic mercury can S(inui- 
nea Ikj dotocted. 

Total «ierci/r?/ is estimafetl bv dissolving the 
mple in strong ammonia or a .solution of 
itassiuin cyanide, precipitating with am- 
niiium sulphide, ana weighing lilie mcircurv 
Iphido M usual. Jt may alsf> be e.stimated by 
^ctrolytic dcpoKitiofi on copper. The Kamjiie 
ould ppoferaoly bo dried in an atmosphere 


Itjnitiiuf inh-hires. Mercury fulminate is too 
rapid in its action to bo UHed‘alono. On firing 
a tram of fulinmati* covered with gunpowder or 
cordife, tlio latter ari‘ simjily disjieraed without 
being ignited. If tlio fulminate lx- mixed with 
a little potassium chlorate, the rale of burning 
i.s cleoreased, and the tejn]>erature and flame 
incr-uuK'd by the eombuHtion of the carbonic 
oxbb*, and tho powders arc igniti'd. The 
explo.sion with jiotassium eliloratt^ may bo 
rejirescnted by : 

:UfgO,N,(.),-l-2KC10a-2K(U f 3Ilg4-fl(10j-f-3Ns 

mixture of 22’3 p.o. potassium chlorato 
and 77‘7 p.c. nuu’cury fulminate, i.e. in tho pro* 
jiortion re(|uirefl for tho oxidation of the ca^on 
to carbon dioxide, gives by its explosion 706 
oals. (mercury, liquid) or (103 cals, (mercury, 


, . ., . .. 1 . gaseous) per 1 kgm of mixture. The volume of 

turatofl with mercury vapour to pn'vcnt loss gasos (at 0"' and 700 mm.) produced is 183 liti-es 
free mereury. Commercial Hampies geni'rally j ])cr 1 kgm.—lcsH than with tho fulminate alono j 
ntom about 70 5 p.e. Hg. the theoretical pressure is very near that of 

pure fulminate. The chlorate renders the mix¬ 
ture very sensitive (I^erl,helot). 

caps were invented by Egg in 
1815, Forsyth having suggeatt'.d tho percussion 
RiTiUun of ignition in 1807. The cap shells are 
small closed cylinders usually of pure copper. 
In the early caps, pure fulminate waa used 
agglomeratod by means of wax or an aqueous 
solution of gum. 


Fulminate is doU’rmmcd by the method 
described by Philip (Zcitscli. (ies. Schu«s- u. 
SprengstofTwosen, 1012, ISO, &r.) 0-3 gram of 

the fulminate is dissolved in 50 c.e. N/lO-tliio- 
Kulphate containing 3 grams of potassium 
iodide. The following reactionn ^ako place : 

Hg(ONC),+4KI=K,HKl4 b2KO^'(; 
2KON(: + 2Hj<)=r2HONC+2KOH 
2HONC+ir2(> f 2Na,.«^20, 

=-Na, 840 , 4 - 2NaOH + HCN+HCNO 

Tho free alkali ia determined by N/10 sulphuric 
acid, and the excess of thio- may also be deter¬ 
mined by titration with N/iO iodine solution 
and Btarch. Pure fulminate slioiild give identical 
reeulU hy the two titrations. Supplies give 


In later igniting compositions, merenrv 
fulminate and potassium chlorate were mixo^ 
with other combustible substances, such as 
antimony sulphide, suljihur, and mealed powder, 
to increase the size of the flame and ensure 
ignition of the powder. Powdered glass (a 
froQuontly added to increase tho frictional 


f\e: K 4. nr, r -; j-**- iiiuiviawo wio inci^onai 

irom»h5 to 90-5 p.o. mercury fulminate by thm surfaces and sensitiveness of tho composition 
method of (ratimation. ■ 1 —*• -—:i.---, 


„ • , . . i igniting composition for any particular 

tree mcrcuru is determined by dissolving the ; composition and form of propellant has largely 
sample m 0*880 ammonia or other solvent, i to be found by oxiierimont. 
wnng and washing tho residue, and deter-j A cAp competition must not be too slownor 
the mercury in it as usual. As already ' too rapid in its rate of burning. If too alow, 
en loned, this raiduo £ao contains some 1 much of tho heat of combustion may be con* 

compounds; an idea of the quantity 1 veyod to the metal parts and irregular ignition 

tree mercu^ can be got by examining the 1 of tho propellant or oven miss-fires may occur; 
r^ue on the paper microscopically before | and, on the other hand, if too rapid the ohnZM 
ving m wid . of propAlant is disturted and uneven ignition 

u ^termined in the filtrate from the ; ana irregular firing results are obtained! Takers 

tUn V ^ total mercury estima- should M > certain proKrtion of solid in- 


tion, by adding NH 4 a and Oaa, 

VoL. ni.— 7 ». 


pro^rti . ___ 

gradients oihigh specific heat in tile oombostion 
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prodaoto» in order to make ignition certain. To 
seenro r^;ularity of icnition, the iiigredionto of 
tbe comi)OBitian bKouM be of even tiiao and well 
mixed. 

Aluininiiiin jjowder Juw been wuggosted by 
Brownsdon (Ktig. Pat. 233()0, 1904) os an 
addition to increase tho strength of cap com* 
position, the niotal being either mixed with the ^ 
other ingredienffl nr pressed in a layer on •the 
surface. Zieger(lCiig. Pat. 145K3, 1900) suggeats 
barium nitrate, with a little barium carbonate, 
as a Mubstitute for th<! {jotiwfliuin chlorate :*tbe 
products are said to aet less corrosivi-Iy ou the 
gun-barrel, and tlie carbonate i.s said to give 
stability to the mixture. 

For black gunpowdcT, th(^ English Service 
cap cQmnosition w(is a mixture of 37 o p.c. 
mercury luluujiato, 37’5 ]>.(?. j)otaHgium clilorate, 
and 25 p.c. antimony Hulphido, W'ith tn some 
cases 12’r) p.c. ground gliws, tlie charge* laang 
0*22 to 0'2r) grain per caj). A mi.xtiire of 
similar comjiosition was used hy mo.st other 
countries. 

For Htnoki’icHH powders, w'liich are more 
diliicult of Ignition, a slower mixture with a 
longer llamo is necesHary. 'i’hc Service com¬ 
position for eordit/C small-arin unununilion i.s 
oemposed of 19-05 ji.r. mercury fulminate, 
33-33 p.c. potassium chlorate, 42'SO ]).c. anti¬ 
mony sulphide, ami 2*38 p.c. each sulpiinr and 
mealed powder, The cliarge per caji is 0*9 
grain. Barium nitrate now rc[)lacos a large 
proportion of the pota.ssiiitn chlorate in many 
oommercjul cap compositions, a suitable com- 
poaition being 40 p.c. mercury fulminate, 39 ]> c, 
Mrium nitrate, 7 p.c. iiotossium chlorate, and I 
14 p.o. antimony sulphide. Tho ingredients, | 
other than fulminate, arc usually ground so that | 
they paas a 129-meNfi sieve, but it is dosiiable ’ 
also that they sliould not contain much dust, or i 
the BcnsitivenOHS of the composition may be ' 
seriously lowered. Tim presenec of LTit, such ! 
as is frequently present in coinnmrei^ samples , 
of antimony sulphide, lias a marked ollect in j 
increasing the‘»enflitivcness of these I'ompositions. j 

Mixinfj cap compoKnltovn. —Tho ingrcdicntB of ( 
cap ooinjiosition.s were formoriy iiiixod in a ! 
wooden mortar for some hours, after wetting ; 
with an aqueous siilutiou of gum arahio or an ■ 
alcoholic solution of gum benzoin, or wen* mixed ! 
by hand on paper and afterwards sifted. The * 
ingredients are now usually mixed dry. In | 
finnUnd and France, a so-called ‘ jelly bag ’ is ; 
ufc^ • this is a conical silk bag with rows of; 
indiarubber rings strung on cor^ passing from • 
top to bottom. The contents are mixed to¬ 
gether by worUng the bag up and down by ! 
means of a cord fastened to tHe apex of tlio bag. 
The mixing only takes a few minutes. In \ 
Germany, a similar principle is tisod, but the j 
mi TftT is eaucer-shapod and contains india- : 
rubber balls. 

CAafpi'n^ the capft .—At one time’ tne caps 
were charged with the wet composition by 
hand, but now the charging is always done by 
a machine. The composition in the cap shells 
ia oompreesed by a pressure of about 1000 Ihs. 
per square inch, ana then co^Tred with shellac 
▼arrfliw or a tinfoil disc, or sometimes both. 

Prodj*.—^The usual proof of caps^ comprises 
the mioTosoopio ao^analytical examination of 
the oompoution, ph^tc^raphing the flash, 


detonating in a cavity in a lead bar and measor* 
ing.tbe enlargement of the cavity and noting 
the comminution of tho cap shell, and a firing 
proof when made up into cartridges. In 
special examinations, determinations are modo 
01 tho total heat of combustion, temperature, 
and duration of the flash, the volume of gaseous 
products and their relation to the solid product 
of combustion, k.c. (For details, sae papers by 
, Brownfldon, J. Soc. Chem, Ind. 1905, 381; and 
: Borland, tlitd. 1900, 241.) 

! Iktonatom may be iired electrically or by 
the flume from a fuse, and tho construction 
i vario.s accordingly, but tho detonating com- 
! ]K)S}tion is contained in what arc practically long 
pcrruBHion cajis made generally of copper. 

Tluj charge, as in tho case of cans, was at 
ono time pure fidminatc, and is at the present 
time in many Sorvice detonators, but a mixture 
of fulminate with potasHiuin cJiloratc, and some- 
tiuK'S other ingredients, such os guncotton, is 
now iiHually used in industrial detonators. The 
; niixf.urc.s contain 80 to 90 p.o. mercury ful- 
' inmate ; 80 p.c. fulminate ia common in England, 
90 p.c. in tho United Sbatos. 

I ITagcn {Zcjtsclh elf's. Schicss- u. Rprongstoff- 
' wiwen, 1912, 201, Ac.) atatca that the adflition 
of jiotassium chlorate incroosea the detonative 
' nfficioncy of mercury fulminate, owing to the 
increascii heat and gas preaaure produced; but 
, Wohler (Zeitech. anpew. Chem. 1011, 209) ia 
: of the opinion that tlio increase of total energy 
1 n'sulting from the addition of tho chlorate la 
^ more than counterbalanced by tho decrooee in 
the vidoeity of detonation. Storm and Oope 
(IhS. Bureau of Minos, Tech Paper 125, 1916), 
by practical experiTnents in their sand bomb 
ajiparatus, founa that 80 : 20 fulminato-chlorato 
mixture had greater detunative power than tbe 
90: 10 mixture, and that the latter in turn is 
superior to mercury fulminate alone. For 
example, for complete detonation of 0*4 gram of 
‘ totryl,’ 0*35 gram of mercury fulminate, 0*30 
gram of 90 : 10, or 0*275 gram of 80 :20, ful- 
ininate-clilorate mixture is required. If the 
detonating composition be compressed ’very 
highly in detonators it simply bums on contact 
with flame, buHwithin tho limits of compression 
used in commercial detonators tbe degree of 
compression has little or no efieot on the detona- 
tive power. Tho prosence of 0*75 p.o. moisture 
in the charge of a detonator filled -with 90: 10 
composition wsA found to have practically no 
effect on its detonating efficiency. Teste by 
Taylor and Copo (U.R. Bureau of Mines, Tech. 
Paper 162, 1917), carried out with mixtures of 
mercury fulminate with various oxygen carriers, 
did not show any relationship I^ween the 
priming efficiency of the mixtures and any 
property of the oxidising salt ,* they all gave 
equally efficient mixtures. They found merouiy 
fulminate to be more efficient as a detonating 
agent when uncompressed than when com* 
pressed, whereas the efficiency of detonaton 
containing lead azide increased with the loading 
pressure. They conclude that tho detonating 
efficiency of an explosi-ve depends on two 
factors, an intensity or quickness factor, depend¬ 
ing on the acceleration m tbe ex^oeive reaction, 
and a capacity factor, the * strengUi * of the 
explosive^: as measured by the sand bomb 
apparatus, the intensity factor b«ng tiie more 
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importftat. Silver aoet^id6 hai I6w datonsting 
power, bttt inoreasea tne efficiency of mercury 
lulminate, probably due to the low ‘ strength' 
but great ' quickness ’ of its exjjlosion. 

The property of detonating another explosive 
does not depend merely on the violence of an 
explosive, for Abol found that 032 gram of 
mercury fulminate would detonate guncotton, 
whereas ten times the. weight of the more 
violent nitrogen clilondc was required. To 
explain tho value of an explosive in initiating 
detonation in other explosives, Abel (tJompt. 
rend. 1874, 1228) advanced his theory of wave 
synchronism or sympathetic vibration. Wohler 
and Matter (Zcitsch. Ges. Schioss- u. Spreng- 
stoffwc^en, iiK)7, 181, &c.), in the case of 
mercury fulminate, attributed its value n.s a 
detonant to tho pressure produced by tho 
kinetic energy of tlio molecules, that is, tlial 
it is due primarily to the rate of detonation and 
density ot tho fulminate, and secondarily to the 
gas volume and heat evolved. Nobel attributed 
this projierty of fulminate to the ^very intonsfi 
sliock or pressure instantaneously set up on its 
explosion, and Berthelot, as mentioned when 
considering tho jiroperties of niercnry fulminate, 
adoj)f<'d the same view, but also called attention 
to tlio fiontnbiiting fact that tlio products of 
explosion undergo little, if any, dissociation. It 
is certain that velocity of detonation and power, 
or total energy, alone do not determine tlii^ 
value of an explo.sive as a detonant, otherwise 
nitroglycerin and blasting gelatin would have 
greater, instead of far less, detonating value than 
moR’ury fulminate, and mercury fulminate 
woiilfl liave greater value than its admlxlim^ 
with an nxidising salt. It is probable that all 
these factors aro contributory to tlie property 
of initiating detonation, and considering tho 
high value of this property of silver, mercury, 
and lead compounds, fulminates, azides, picrates, 
and acotyltdes, it still seems that Abel's original 
theory, or something analogous to it, is not 
entirely to be neglected. 

Tlie detonators are charged and tho charge 
compressed as with caps, except that detonators 
are usually compressed singly, owing to the 
strength of the charge. A preisure of about 
4000 11m, per square inch is used, giving the 
fulminate or mixture a density of 2’8. The 
ingredients should bo even in size and well 
mixed to act efficiently. 

Tho following detonators are 'used ;— 
Description No. 1 2 3 4 5678 

Charge, grams . 0 3 0*4 0 54 0*65 0 8 10 1-6 2 
They vary in length, from 16 to 45 mm., and in 
diameter from 6*5 to 6*8 mm. 

To obtain the full effect from a detonating 
explosive, a detonator of sufficient power is 
nectary. A No. 3 detonator is sufficient for 
ordina^ dynamite, but for the modem safety 
explosives, such, as those of the ammonium 
nitrate cl^, at least a ^o. 6 detonator is 
necessary for effective detonation of th# explo¬ 
sive. 

Afi^ a detonating composition for high 
explosives, which can be fired with safety in 
shells, Maxim (fing. Pat. 18682, 1894) proposes 
a mixture of 76 to 85 p.c. of mercuiy fulminate 
with 15 to 26 p.c. of a olasting gelatin composed 
75 to 86 p.e. of nitn^lycerin and 15-25 p.c. of 


collodion ootton. The admixture is aided by 
the use of acetone, and to decrease the sensitive* 
ness the mixtuie is sometimes made of a spongy 
nature by blowing air through it whilst it is in 
a syrupy condition, or nitrobenzene may be 
added. 

OUitr igniting and deionaiing componiione. 
Many mixtures, frequently not containing mer* 
curjr fulminate, have been from time to time 
suggoHtod. The drawback to fulminate cap 
compoHitioDs is that the mercury in the com¬ 
bustion products attacks the metal of the 
cartridge cases, causing them to crack and be 
unfit for furtlier recharging. Early mixtures 
containing guncotton and potassium chlorate, 
load jncrate, &c., were not very successful. 
Mixtures of merefiry or lead thiocyanate with 
pota^dHiuni chlorate, and of mercury or lead 
chromate, mercury fulminate, antimony sul¬ 
phide, and powdered gloss have been proved 
efficient with certain sporting powders. A 
mixture of 82*8 p.c. of mercury fulminate and 
17*2 ]).c. of ammonium porohlorato was suggested 
by Alviai ([hS. Pat. 707493, 1002). It was pro¬ 
posed by Diclefeldt (Eng. Pat. 20133, 1900) to 
substitute* all or part of the mercury fulminate 
in detonating composition by jjicrio acid, nitre- 
naphthalene, nitrocellulose, &c. With safety 
oxplcksives, he also suggested the addition of 
aluminium nitrate. Wbhler (Eng. Pat. 21065, 
liKX)) jiroposcd the use of high nitro derivatives, 
such as trinitrotoluene; and Gehro (Eng. Pat. 
1U402, 1005) suggested di- or tri-nitromeeitylene, 
and di- or tri-nitropseudocumene. A little ful¬ 
minate is necessary to ensure detonation, but 
with trinitrotoluene not more than one-tenth of 
the usual quantity. Trinitrotoluene detonators 
arc verv largely used in Germany, and tbs 
liheinscn-Weetfalischo Gosellschaft have ps- 
t('ntod the use of tctranitromothylanliine, or 
‘ Tctryl ’ (Eng. l^at. 13340, 1905). Swope 
(U.8. Pat. 1194095, 1910) suggests a compressed 
mixture of nitrocellulose, or other nitrocarbo- 
hydrate, a thiocyanate, and a chlorate as a 
priming or detonating composition. 

As substitutes for mercury fulminate, 
Angeli (Er. Pat. 327892, 1902} proposed the 
barium, strontium, or calcium salts of the 
bydroxamic acids; Wbhler (Oer. Pat. 196824, 
1907) proposed the azides of silver, mercury, 
or other heavy metal; it is claimed that a 
smaller quantity of these substances is necesaatr. 
Hyronimus (Eng. Pat. 1819, 1008) suggested toe 
use of lead azide. The azides are coming into 
increasing use for igniting and detonating com¬ 
positions. The Winchester Repeating Arms 
Co. (U.S. Pat. 1174669, 1916) suggest a mixture 
of lead azide, a nTtro compound, such as nitro¬ 
cellulose, and a substance such as an ftlkalin* 
azide, which leaves an alkaline residue on 
ignition; and Buell (U.S. Pat. 1184316, 1916) 
suggests sodium azide, with or without potasskim 
chlorate, tad antimony sulphide as on igniting 
charge. Herz proposed nitrodiazobetnxene per¬ 
chlorate (Fr. rat. 460897, 1913), and Vta 
Gireewald (J. Soc. Chem. Ind. 1912, 1068) 
suggested hexamethylenetriperoxidmliamiBe os 
detonat^ agents. They ^th have saea4 
efficiency, being decidedly superior to meftvry 
fulminate or Irad azide, ^ey are ^taduatty 
and progi^ively deoomp4bd l^tim motetim 
in atmoapbm on ^OTage. J^kard (Sag, 
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Pat. 1C40C, 10i4) euggcwte their use in composite 
detonators, in winch these Bul)8tanc(« arc 
primed and further jjrotected by an igniting 
charge of caj) coinpoHition. Tlie tetranitrate of 
ptniiaerytliritol in soggci-ted by Stcttbacher 
(2eit«L'li. (Jess. 11. SprengstotTwesen, 

HUG, 11) as Muitablc for use in primers and 
dotonatom. 

Mixtures, witljoul fulminate, containing 
aluminium, have b(‘en pro])osed by Fiihrer (Eng. 
Pat. 275r>, 1001, and 24812, 1002). liiclef(4(U 
(Eng. Pal. 7148, 1001), and von Dahmen^U.S. 
Pat. 702357, 1002), but these! mixturcH n!(|nire 
very strong (;{)nhm!m(:nt to be (!iTcftivo ; tlic 
Wostialisch - Anlialtische Sprengslotl AcIh'Ii- 
OoHcllscliaft. iiavi! paicntc'd jriixturcs witliouj 
fulminaU', containing jjotrt^^siuin chlorate with 
mono-, di-, or ti’i-nitrocn'sol, iS;c. ; ami Kieic- 
feldt (Eng. J'ut. 2.'1SH0, l(K)J) suggests a niixtiiic 
of potassium cliionite with ti'initronajiiitlinh'iu'. 

Coin'positv ddoiKilor.s, in wliich t-lii' inaiii 
base oJiarge j.s tctiyl, iMnilrotcilucne, or <itlier 
nitro- body or organic nil-rati', jirnm'd I)y mer¬ 
cury fulminat(!, a fiilmiiiatc-chlorati' ini.vtuve, 
or Jeatl a/idc, an* nrjw used very largely inst^OHd 
of a heavy charge of iiicrcury fulminate .h’or 
oxauijile, a laisc charge of 0*32 gram of tetivl 
primed with about 0*32 grain of a 0 to 1 ful- 
minato-clilorate niixtnro will make u di'toiuitor 
of about No. G power, and so elTeet eonsiderahli* 
saving of the e.vpensivi! mercuTy fulminate. In 
TcinJoTCid ddomtto)!* an inm'r perforated metal 
shell is preesed down over t-iic enarge. 

E^ic.wy .— Detonanls have, by tlieir efieet 
when detonated tm a lead jilate, been placed in 
th« following order of elbeieney as regards tli(*ir 
value OH initial iletonants for ntlier explosives, 
by Wohler and Maner (Zeitsch. (les. Seniess- u. 
SprongBtoffwcRcn, 11)07, 2(15): silver a/.oimide, 
mercury fulxninat,e, tnmereuraldeliyde and a 
perchlorate, triim'reunikk'iiydo and a ehloratiC. 
diazobenzenn nitrate, nitrogen sulphide, siidium 
fulminate, and mercury nitrometliune. \Vblik‘r 
and Matter (Zcit«eh. (it's. Sehiess- u. SjivengHtoll- 
woacn, 1007, 245) found that the detonative 
power of a detonating charge depends on the 
conditions of use, especially on the area of con¬ 
tact surface b('twoen th(! detonator and the 
explosive. By t rial with a No. 8 dotonatni, the 
2-gram charge of which was eom^iressed at 
pressures from 100 to 2000 kgms. per square 
om., they found at tirst a do(!reaso in the size 
of the cavity in t he lend block t-est, with incrcafled 
loading density, but still higher densitica of 
loading give no ditforence in result. 

The sand bomb test (.ice p. 051 i.s an excellent 
method for comparing the eflicieney of detona¬ 
tors. • 

Oth^h Bxplosivb CoMPouxns. 

Nitrostarch. Braconnot and Pelouzc first 
nitrated starch at the same time as cellulose, 
the explosive product, like nitroeelluk).sb, being 
originally called ‘ xyloldin.' Attempt* to use 
nitrostorch, from time, to time, for explosive 
work failed, partly owing to the instability of 
the product, and partly IxM^auso, owing to the 
difficulty in nitration, tlie product had a con- 
aidefkbly smaller nitrogen content thra nitro- 
oolluloe* 

Braconnot andf^elouze carri^** out the 
nitration with nitric ac|d alone. Uchatiue first 


used a mixture of nit^c and sulphuric acids. 
In his process the starch was not added directly 
to the acid mixture, as it clotted together and 
resisted nitration, but was dissolved in 8 parts of 
cooled fuming nitric acid and the S3Tupy solu¬ 
tion poured, with stirring, into IG parts of con¬ 
centrated sulphuric acid. The mixture was 
allowed to stand for 12 liours, washed, boiled with 
j a solution of sodium carbonate, and dried at 00°. 

! The product was a white powder insoluble 
1 in water and alcohol, but soluble, in ether. It 
! was vi!ry hygrosconic and readily decomposed 
I sponlaiu'ously, dnulit-less because of insullicient 
i punlieation. It igniie.d at about 175°, and was 
i very explosive. 

! I,(ater, in America, Volney Huce,eeded in 
nitrating starch directly in cold mi.xed acids by 
j using a Hpeeial stirring apparatus. 

* Tlie Acticn-fksscJlsehah JJynamit Nobel, in 
i INOI, patented the use of nitrostarch in smnke- 
I his.s jiowder-s (Kng. Pat. Gi2!), 181*1), and nre- 
' par(!d i1- on tlio Tiiamifaet.uring scale. Tlio 
mefliod of nrejjaration is similar to that of 
Uchatius. The. well-dneii starch is first dis¬ 
solved in 10 ji.arts of nitric, acid, of 15 sp.gr., in 
a special ajqiaratus of lead, in which the mixture 
is well cireulaied by means of a paddle stirrer, 
and kcjit wiill cooled by meann of inner and 
ou1.er watt'r-jaekets. When all the starcli is 
ilissolv(‘(l, the. solution is introduced as a spray 
from an ‘ utonus(!r ’ into live times its weight of 
mixed acids, os a rule waste acids from nitro- 
gly<'erin manufacture, containing 70 p.c. II2SO4, 
10 }).e. JlNOj, and 20 p.c. Hjf). Tho nitro- 
stareli m precipitated us a line powder, and is 
retained on a filter of guncotton between two 
lie.rioruteil plates, when tho waste acids are run 
off from the bottom of tlio vessel. The acid is 
pressed out, and the cake of nitrostarch stirred 
m water until neutral. The product is treated 
for 24 hours with a 5 p.c. solution of sodium 
carbonate, and finally stebilised by soaking in a 
Kolution of anilin('. The finished cake contains 
about 23 p.c. wat<'r and 1 p.c. aniline. Tho 
nitroKtareh so obtained is a mixture of mono-, 
di-, and tetra-nitrates, when related 
OH the molecule of starch—that is, up to and 
mainly Pji;Hjft)o(NO;,)4. containing 11*11 p.c. 
nitrogen. Jt i.^ readily soluble in nitroglycerin, 
oven m tho cold, and forma gelatinous to waxy 
solids W'hen suflieient of the nitrostarch is added. 

The penta- and hexa- nitrostarches, on the 
same basis, hate been prepared by Muhlhausen 
(I)ingl. poly. J. 1892, 137). Pentaiiiiroeiafch 
containing 12*75 p.c. nitrogen, 
W'os ]ircpar(!d by adding dry starch to twenty 
times its weight of a mixture of 1 part of nitric 
acid, sp.gr. 1*5, and 3 parts of sulphuric acid, 
sp.gr. PK. 'Phe product, stabilised in the usual 
way, was freed from the tetranitrate by dis¬ 
solving in ethcr-alcohol and distilling off the 
ether. The tetranitrate remained in solution 
in tlie alcohol, and the pentanitrate was precipi¬ 
tated. Hcxanitrost<irch CijHnOifNOjlg, con- 
taiiiinjri4*14 p.c. nitrogen, was prepared, mixed 
with the pentanitrate, by dissolvinc dry starch 
in ten times its weight of nitric acid, sp.gr. 1*5, 
standing 24 hours, and pouring the solntion into 
five times its weight of sulphuric acid, sp.gr. 1*77. 

A nitrostarch containing 16*5 p.c. nitrogen, 
ooiresponding to an ocioniimit of the composition 
was prepared by Hougn in the 
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United States in 1904 (0.8. Pet 761076, 1904) 
by injeoting dried maize starch below the surface 
01 an aoid mixture coi^isting of 3 parts of 
strong nitric aoid, 2 parts of stroog sulphuric 
acid, and sufficient Nordhausen sulfuric acid, 
Donti^ning 40 p.c. SO3, to give on excess of 2 to 
8 p.c. of unhydrated SO,. The temperature is 
kept at 7® to 10”, and NordJjausen acid is added 
during the nitration to keep up the strength of 
the mixture. The nitrated starch is filtered off, 
washed, and treated with hot dilute ammonia 
to dissolve out lower iiitratos and stabilise the 
product. The final product is an orange- 
coloured powder, soluble in other-alcohol. 
Subsequently, Holmos (U.S. Pat. 779422, lOOf)) 
stabilised the i>i'odiict by dissolving in a mixture 
of alcohol and acetone, and then evajioratiiig oil 
the acetono. Tlio impurities and lower nitrates 
remain in solution in the alcoliol. 

This nitro.starch is used in several Amcricau 
smokoloLSs powders, anrl was also for a time 
tried as a constituent m a U.S. Service iiowdor. 

The production of so highly nitrated a starch 
as claimed by Hotigli has boon quo-stioned by 
Berl and Butler (ZcitscJi. ges. iSchiesa- u. Spreng- 
<toffw. 19U). 82). Using Hough’s method, they 
failed to obtain a ])ruduct with a higher nitrogen 
content tl)an l'A’44. p.c. A stable iiitrostarch 
containing 14 ji.o. nitrogen was jimparcd by 
Will and Lenzo (Her. 1898, 08) by (lissolving 
dried starch in cold nitric acid of sp.gr. 1'52, 
standing for 24 liouix, and gradually adding 
4ulj)hunc acid. The product was washed witli 
water, thou cold alcohol, and finally hot alcohol, 
and further jmrilh'd by dissolving in a mixture 
of acetouo and alcoliol, and precipitating by 
Bva))oruting olf the acetone. The ignitionqioint 
of the product, 194®, was considerably higher 
than tliose of the earlier products of the Nobel 
Co., and of Hough, which ranged from 120® 
to 175®. 

Properties .—Nitrostarch is a white powder, 
readily soluble in acetone andTjthyl acetate, but 
all preparations are not soluble in cther-Rlcohol. 
It i.s soluble in nitroglycerin, but does not 
gelatinise it as collodion cotton does. Bcrl and 
Butler {!.''.), by coijqiaring the vi^^.*oaitje» of the 
solutions in acetone, showed that the inohuiular 
complexity of nitrostarch is very small as com- 
: pared with that of nitrocellulose, which explains 
the non-gelatinisation of nitroglycerin. Sapo- 
shinkoff (J. Russ. Phys. Ohem. Soc. 1903, 126), 
by hoiling-point determinations of solutions in 
acjetonc, concluded that the molecular weight of 
mtrostarch containing 13*4 p.c. nitrogen corre¬ 
sponds to a O39 formula. 

Besides being more difilcult to manufacture 
and le^ stable than nitrocellulose, nitrostarch 
is decidedly more hygroscopic, but its manu¬ 
facture has been improved, and many suggestions 
have Ixjeu made for its use in explosives, especi¬ 
ally in the United States. A more stable 
product, for example, is stated by ^dtlor 
(^■S. Pat. 1211761, 1917) to be obtained by 
preliminary treatment of the starch with a 
solution of caustio soda, and then with nascent 
oxygen, to swell the grains and remove im¬ 
purities. After nitration, the first stabilisation 
IS carried out, as has been found beet with 
nitrocellulose, by boiling the prodnot in the 
pt^nce of a small amount of reeidual acid. 
Some mixtures that ^vo been suggested are: 




Pieteis (U.S. Pat. 1018578, 1912), a blaatisg 
explosive odntainjng 20 p.o. nitrostmh, 75 p.o. 
ammonium nitrate, 4 p.o. nitrobenzene, and 
1 p.c. asphalt; Bronstoin and Wall^ (U.S. Pat. 
1188244, &c., 1916), several explosives con¬ 
sisting of mixtures of nitrostarch with ammonium 
nitrate, barium nitrate, trinitrotoluene, and 
sulphur; and Treese (U.S. Pat. 1265975, 1918), 
a blasting explosive containing 26 nitr(> 
8taro\ 11 p.c. potas.sium nitrate, 22 p.c. potas¬ 
sium chlorate, 13 p.c. yellow wax, 7 p.c. soup 
stock, and 21 p.c. sulphur. 

Nitrodexirin, prepared similarly to nitro¬ 
starch, has been proposed for use with am¬ 
monium nitrate in safety explosives, mixed with 
a little roam. 


Nitronmnnitr. or Nilromainiitol, a nitric ester 
CflH j{N0n)«, prepared by the notion of the usual 
mixed aoiclH on the hexahydric alcohol mannitol, 
extracted from inanua, the dried sap of the 
mauua oslx (Fraxinus Ormis) (Linn.). The 
nitrated jjroduct, after being well washed, and 
dried at 40®, crystallises from ether or alcohol 
in needle-shaped crystals, which arc insoluble 
in water. It is a very ecuaitivo and highlv 
explosive compound, exploding at about 300®, 
and lias bi^en suggested os a substitute for 
mercury fulminate. It is more sensitive to 
friction and sliock than nitroglvccrin, and nearly 
as powerful and loi:al in its effects a« fulminate, 
Jt is stable when thoroughly purified, but this 
purilicatioii is dillicult to obtain on the large 
scale, and the product is usually very liable to 
spontaneous decomposition. 

Nitrosugara. Nifrosacc^aros^,nitro-cane8ugar, 
or ‘ fulminating sugar,* was first obtained by 
Selibnboin, by nitrating cane sugar with a 
mixture of 1 part of strong nitric acid and 2 parts 
of strong Kuiphunc acid at 12®, washing, and 
<lrying. it is a white, amorphous powder, 
soluble in water, alcohol, and ether. On gently 
heating, it softens, and can bo kneaded, but on 
strongly heating, it explodes violently. It is 
very sensitive and has been proposed for use in 
percussion caps. Jt is, however, deliquescent, 
and, as prepared up to the present, very unstable, 
(locking and Kyiioch Expl. Co. (Eng. Pat. 
2836, 1911) suggest the nitration of a solution 
of 2() parte of cane sugar, or invert sugar, in 80 
parte glycerol, with an anhydrous mixture of 
54 parts of sulphuric acid, and 46 parts of nitric 
acid. Tbo manufacture is carried out as with 
nitroglycerin, but more thorough washing is 
necessary for complete stabilisation. The pro¬ 
duct is given successively 2 washings with water, 
6 witli a 2 p.c. solution of sodium carbonate, 
and 2 final washings with a 0*2 p.e. solution of 
sodium carbonate, all at 40”. The nitrated 
mixture is suggested for replacing nitroglycerin 
in blasting gelatin, gelatin dynamite, and 
gelignite., Nitrolaclose is similar to nitro- 
saccharose, * but can be crystallised from its 
solution in alcohol or ether. It has similar 
violently explosive properties, and is equally 
sensitive and unstable. Nitroglucose, with 
vegetable fibre and potassium chlorate and 
nitrate, ima constituent of Keifs ezjJosive, 
solid and liquid nitro products, obtained from 
medasses, h%ve also been prmMsed. * 

CMAer nilfo explosives^ ^jheparpd W the 
nitration of a great variet^f organic Bufaswuoss, 
such as wood, flax, hemp, jute, gelatin, resin, 



m 

:oal, &c., hiivo been pitiparod, and sevoraa havo 
3een already meotionod aH conrftiluenta of 
various explonivc mixturut}. 

Amino, and amino-nilro ex'ploiive com¬ 
pounds. Ammonium nitrate may be considered 
ifl the aimploet of the amino-nitro compounds. 
Grlycocoll nitrate, the nitrate of aminoacetic 
icid, has been used in a propellant, and good 
reaulte obtained, ite explosion may be reprc- 
lentod by: « 

CHs(NHa)’C00iI-HN0a=3Ha0-t-2C04 N 
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with 80 0.0. of cone, sulph^c ^id. The 
mixture was kept in the cooling mixture for 
2 hours, and then 117 grams of potassium 
nitrate wore added, the temperature being kept 
below 50°. The mixture, after standing for a 
day, was then heated to 60® for 14 hours, and 
again allowed to stand for a day. The crystals 
of totranitranilmo were then filtered off, and 
waalied liret with 60 p.c. sulphuric acid, and 
finally with water, and dried. 

The product, melting at about 207®, is best * 
crystallised from acetic acid. It giyos^ yellow 


ind its explosion constants have been compared | crystals, melting at about 216 , but jl does not 
of oicnc acid bv do la Koquo (Hcv. i melt without some decomposition. It is BtateO 

' to be stable, but on boiling with water, or if re- 


witli those of picric acid by do la Koque (Hc' 
do Cliem. indus. 11, 6>. The Wi«tfahsh-Aulmlt- 
Bprengstoll. A. C». (tier. Pat. 202100, 1007) 
suggoetod the dinitrodialkylamidcH for use m 
^xpiosivefi. The nitrates of the aromatic amines, 
liko aniline nitrate, arc used as constil/Uenls (for 
oxamplo, Oeipok (Fr. Pat. 341021, 1004) mixes 
the latter with ammonium nitrate), but they do 
not contain sulticient oxygen to form explosives 
by themselves. Hermann (Her. Pat. 170072, 
1905) proposes eonderwatjon products of form¬ 
aldehyde end the aromatic aminca. 

Picramio acid and the picramaU's, and tlie 


.rystalliscd from acetone containing water, it 
is converted into brinitroaminophenol, and it is 
doubtful, even w'hen pure, wliether it will 
stand proloiigi'd storage. Flurscheim states 
that it has an explosive powm’, os measured by 
the lead block test, great,cr than that of any 
other solid comjiound, but inferior to that of 
nilroglj'ccrin. It is detonated by a weight of 
6 kilos falling 35 cnis. it is readily detonated, 
when loose or eornprcsucd, either alone or when 
mixed with nitrates. 

I'ctrijl, or Tetrahto, is an explosive com- 


;!orrwaponding reduction products of trinitro- ^ 

cresol wore proposed by Turpin in potassium pound of tliis class used m largo quantities in 
Kr. Pat. 185034, 1887). detonators, and lui a ‘ priming ’ or intermediary 


nitrate mixtuics (Fr 


Claesson (Fr. Pat. 35561)5, 1905) proposed 
tetramtroiuethylaniline and the ethyl com. 
pound, as dotonaling cxplosivoe, and Will 
(U.S. Pat. H27768. 190(1) uses the same compound 
mixed with niereury fulmmale, Nitramines of 
the aiithraquiiionc Boric's of various dogrccifl of 
nitration and explosibililv havo been suggested , 
by Scholl (Her 1904, 4‘}27), and von Schroettcr 
(Enff. Pat. 81511, 1907) proposed liexanitrodi- one of the nitro grou|« being in the sido chain, 
phonylammo and its salts, alone or in niixtim*. the other three being synimctncally placed in 
Nitro dorivativivi of the condensation products . the nuclous. A specially pqrified form of the 
obtained by heating primary aromatic amines exjilosive is known in the bcrvice 08 

with oxalii' acsid, and the nitro derivatives of ‘ Composition exploding, or C. L. 
aromatic diamines, such as pentanitrodimeliiyl- Mannfadvre.—lho explosive is liable to be 
ivo been claimed b> 


detonating agent tor the less sensitivo high 
e.\ plosives. It is made by nitrating methyl* or 
more usually dimethyl-aniline, and ite com¬ 
mercial name was given on the supposition that 
il was t,etranitroiiu'thylaniline. It is actually 
trinitrophenylmothylnitramino 


metophouylenodiamine, havo been claimed by 
the Soo. Anon. d'Explosifs, &e. (Fr. Pat. 391106 
and 391107, 1907). 

The nitration of aniline directly gives only 

poor yields of nitro denvfttivoH, owing to second-. ^ , 

ary reactions, and the nitranilinee have not been i Sprengstoflw. 1912, 445): the 
much used in commercial cxploeivoa. Ortho- 
and para-nitraniline can be prepared by the 
nitration of acetanilide, and then itsmoving the 
acetyl groups (Holloman, Hartog, end v. d. 

Lindfcn, Ber. 1911, 704), and metanitraniline 
^ the partial reduction of metadinitrobenzene, 
llio mononitraniliuoe can bo readily further 
nitrated. 2.4.6-trinitramline, or ficramidc, is 
a powerful explosive, readily obtained by the 
further nitration of orthonitrenilino, or by the 
action of ammonia on trinitrochlorbenzeno. 

TtiTaniimnilint, the four nitro groppe being 
in the 2.3.4.6- poeitione, was obtained by Fliir- 


of inferior stability, and it is very necessary 
that the materiafs used in ite manufacture 
should be us free os possible from foreign matter. 
The foUowinj^ method of manufacture is given 
by l.Angenschcidt (Zoitach. Gee. Schiose- u. 

■ " "'12, 44.5): the nitration is 

carried out in one stage in a jacketed enamelled* 
iron pot, fitted with an enamelled stirrer and a 
thonnonietcr. * 190 kg. of dimethylaniline, 
boiling very clofleiy at 190®, is very slowly run 
into 1000 kg. of pure lead-free 97 to 98 p.c. 
sulphuric acid, the mixture being kept stiircd 
and cooled. This solution, which should be of 
a clear light-brown colour, is without standing 
run slowly into 430 kg. of nitric acid of 47®B. 
strength, sp.gr. 1-483, kept stirred, and at a 
temperature of 40®. The reaction is violent, 
and the temperature is carefully kept bdow 
44®, whilst two-thirds of the sulphnrio acid 


scheim (8th Int. Cong.' App. Cbom. 1912) by solution are run ix, after which it is aUowed to 
the reduction of metaoinitrobenzonc with , gradually rise to 66 . The time taken for 
aqueoua sodium bisulphide, the product being addition of the charge is 8 to 9 houtf, ^ter 
readily nitrated by mixed acids at a temperature which the nitration is completed bv further 

not higher than 70®, Its direct production from i stirring for 2 hours at a tempipture of 63 . 

anilino i.d«wbedbyTanDmn»ndv»iiLciincp :The nitric acid muBt not be etoonger 


(Roc.Amv.'ohiiiLU917, 37, &c.)., They di«- 
•olved 28 grams or'anil^e in 700 c.c. of cone, 
sulphuric acid, then cooled to —6®, and added a 
mixture of 16 c.o. of nitric acid of Bp.gr. 1'40 


stated, or large and less pure crystals are pro¬ 
duced. The mixture is allowed to cool over¬ 
night, and the waste acids are run off. Tltt 
orysfate oro washec^on a raonum filter, first with 
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dilute eulphurio acid, and then with water until 
quite free from acidity, and rapidly dried. The 
crude product melte at about 126°~127°. 

Pwificaiion. —It is necessary to further 
purify the product. This is done by roorystalli* 
sation from a suitable solvent, frequently 
benzene of a high degree of purity. The crude 
tetryl is dissolved in the boiling benzene, the 
solution filtered, and allowed to crystallise; 
rapidly in a cooled pan, the mother liquor run 
o£^ the crystals washed with benzene, and 
dried in the washing vessel. The benzene is 
recovered by distillation under precautions, as 
the contained impurities are of an unstable and 
ezplosivo character, it is also puritiod by 
crystallising from its solution in acetone, and 
an. inferior OTado from nitric acid. The last 
traces of acid can be removed by boiling with 
water, but prolonged boiling caustw ajipreciable 
decomposition with the formation of picric acid. 

Frorterlits. —The purified tetryl i.s m the 
form 01 very fine pale-yellow crystalline jiowdor. 
It is practically insoluble in water, but readily 
soluble in acetone, otlior, and benzene, the best 
solvent Ixdng benzene. The melting-iioint of 
pure tetryl is 12U'l®. Jt is distinctly more 
sensitive to blow than picric acid, being deton¬ 
ated on an anvil by a blow from a hammer, and 
is also more powerful. According to Langen- 
Hcheidt, it can bo exploded by a 5 kg. weight 
falling JIO cms. When strongly heated it burns 
Hercely with a very hot but smokelesH ilame, 
and ‘ pulTs off ’ when projected on to a rod-hot 
iron ])lato. Jt is I'eadily detonated by a small 
charge of fulminate, it is not only a very 
jiowerful I'xplosivc, but has groat shattxiring 
power, its velocity of detonation being of the i 
order of 70tK) metres per second. When coni- 
proKsed to a density of 1 *0 its dot-onation velocity 
is 7200 metna per second, being slightly higher 
than that of picric acid at a density of 1‘5. It 
is an excellent initiator of detonation in less 
sensitive explosives, Uung u*od for this pur^)Ose 
either as crystalline powder, granulated or 
* corned,’ or compresHod into jiellets. It is 
characterised by its high nitrogen content, 
25‘6 p.c., as compared with flie 18’5 p.c. of 1 
trinitrotoluene, and is endothermic. It has 
been used to some extent in explosive mixtures, 
for example, in the ammonium nitrate explosive 
‘ Fortex.^ It is non-poisonous, but it has an | 
extremely irritant action oil the akin and 
mucous membranes, some persons being more 
susceptible than others. In some cases a most 
painful rash is produced, for which one of the 
best remedies is boro-calamine lotion. 

Bexaniirodiphenylaminc 

CC„H,(N0„)3)5NH 

has been used to some extent as a high explosive 

bombs by the Germans, usually with the 
addition of a little trinitrotoluene. It is a 
stable light-yellow powder,*melting at M8®. It 
is insoluble in water, and not at air readily 
^luble in the usual organic solvents. It can 
TO recrystallised from boiling glacial aoetio acid. 
It hw about the same power and sensitiveness 
as picric acid, and has the same drawback: 
that it is acid and readily forms Bensitive salte 
with metals. It has an extremdy irritant 
motion OQ the skin. 

Dituo expianve compounds. AH the diazo 


derivatives are very sensitive explosive com- 
TOunds. •* Chromate de benzine diazoUe ’ 
C^H^NjHGrOf is one of a class of explosive 
compounds proposed as detonants by Caro and 
Griess (Eng. Fat. 1950, 1866). The diaao 
compounds generally are too sensitive and 
highly dangerous to be used in practical ex¬ 
plosives. 

A 20 compounds. The azo compoimds are 
more stable than the diazo compounds. They 
I do ^ot form explouivos in themselves, but have 
; been jiroposod in mixtures. For example, 

I Girard (Fr. i’at. 349635, 1904) uses ozobenzene 
mixed with dinitrotolueno or picric acid ‘n 
: chlorate and ammonium nitrate mixtures, in 
: order to lower the melting-point of the nitre 
! compound, and effect incorporation at a lower 
! temperature. 

Jh/draztnp.i. Hydrazine chlorate and per- 
; chlorate have been pri'parod by Salvador! (Gazz. 

I chim. ital. 1907, ii. 32); they are highly explosive 
j and sensitive compounds, the perchlorate being 
I the more stable. 

I Ilydrazoir acid, or azoimido HNg, is one of 
j the most explosive substances known. It is a 
: volatile liquid, the vajiour of which detonates on 
I contact with a flame. The aqueous solution of 
j the acid forms inetallie salts ; those of the heavy 
j metals being extremely explosive. With am- 
I monia it forms a wliite crystalline solid UNg'NHg, 

‘ wliich is l(^ss explosive, it burns away rapidly 
but not oxp]()«iivoly, unlees confined. 

Azides. The heavy metal salto of hydrazoio 
acid, sucli as leaH and silver azide, are sensitive 
explosives, and have considerable detonative 
})ower. The lead salt hoe greater power than 
mercury fulminate in initiating the explosion 
of manv nitro explosives, ana has bmn in¬ 
creasingly used in recent years in composite 
detonatorH, especially in Germany. Nickel azide 
is also pariicularly sensitive to friction, and is 
violently explosive. The azides have been 
repared, anu their explosive properties studied 
y Wohler. The insoluble azides are prepared 
by double decomposition from sodium azide, 
which is manufactured either by the sodamlde 
or hydrazine j)roceiss, and the soluble azides by 
the action of hydrazoic acid on the carbonate 
or basic o.xidea of the metals in the presence of 
ether (Ber. 1917, 580). The soluble azides are 
readily hydrolysed in solution giving basic 
precipitates. The sensitiveness of the azides 
to heat and percussion lias been determined by 
Wohler and Martin (Zeitech. angew. Chem. 
1917, 33). They found that the aziaes of metals 
of low atomic weight are more hygroscopic, and 
have generally Ibwer temperatures of mnition 
than ^ose of high atomic weight, and that the 
azides of the alkaline metals exploded without 
true detonation. Some of the explosion tem¬ 
peratures found were: calcium azide, 158®; 
nickel *aztde, 200®; mercury azide, 281® ; silver 
azide, 297®; lead azide, 327®. As usual, the 
resulte deluded on the condittons of experiment, 
and the ignition temperatures quoted were the 
temperatures at which 0*02 nam of the salt 
detona^d after an interval of 5 seconds. The 
azides of lithium, sodium, and potassium oould 
not be*q^loded by percyaion, the %ridea of 
barinm, stoontiuzn, and iMuium only e^doded 
with flame, but the azi^^ ^ theTieavier metals 
gave true detonation witii sufficient blow. In 
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thin iQytan tlu) H«-iw)tiv<'EOK of tlio axidca to 
porcusBioii woB in tlio Baioo direction ao the 
nooBitivomsHS to friction, tlio tt/ulta of the heavy 
metaU being tlie inorc «civ<»tive. Contrary to 
the r(>HiiltH ((i)tainrd witJi most cxploBives, the 
azidiat of {f'fifJ und iiK'icnry witc found to Ikj more : 
nenHitivc in Unck Ihan in thin luyoiTi, a roeult 
which ai-ct>nJh with tho jirojwrty nt^tcd to bo 
Hhown f>y tlinr iargir orystalK of spontanoouH 
detonation. ^ 

l,<ad uzkIc I’bNfl is luaimfuctiired on tlie 
largo Hialu from tiio Hodiuin Halt by double 
decoiiipoHition with a holubU^ load Halt, Huch an 
load nitraU^ or a'ctato 'rix^ Holulions of ilie 
two are ki'pl Htioiiglv agitat-od ho t.hal tli(‘ 
load axidf' is jiroc ijutiitoil in tlio ftn in of lino 
cryntals. Tlie ifi'ciiiitulcd < Tynlaln arc \scll 
waHliod witli watci till ircc fioin iinpuritios. and 
dried in a tnirrent. of ilry air at about 50 

Load azide is h"*H honsilivo to fiirtion or 
blow than iiiori'ury fiiliinnatc, l.ho largo orvhtals 
being inorr' si'iisitivi- tliaii lito Hinidl. and it has 


dynamite hae been largely diuplaced by blasting 

f olatin, and a large variety of other explosives 
avc come into use, more especially the so- 
called ‘ Hafoty exploHivt« ’ used in ‘ fiery ’ coal- 
minoH. The uhc of gunpowder in tlicfle mines is 
overywhen* prohibited. 

The following table, taken from the 39th 
Annual Uoport of II.M. Inspector of Explosives, 
givoH tlio amount of dilToivnt explosives used in 
ininos and ({uarrioa in Creat Britain in 1013 :— 


Expldfilvc 

Quantity 
use*l, lbs. 

l*.c. 

of total 

Permillcd explonivos 

. 11,051,231 

330 

(luijpowdcr 

. 17,000,874 

501 

UeligmtiC 

3,900,173 

120 

(Jclatinc DynamiU- 

474,922 

1*4 

BloHting t Jclatine . 

297,907 

0-U 

Kdrdiii (Iiaiit Puwdei 

247,871 

0-7 

1 'iH-ddiU- 

187,220 

0-6 

Ndbcl Pdl!iii1.o 

149,593 

0-6 

IUa-*tiii(i 

122,590 

0-4 

SaxdiiiU- . 

85,000 

0-3 


a considorabiy Inghor ignitit)ii point. It ih not 
rondorod Ic'ss scn-’itivc by wilting with water 
It is (juito stalilo, ('\ccpt III till! prosoriie of acid 
futiMw. Htottbarlior (/oiUoli goii. Sihioss- u, 
SprongHlolfw. li'M. 311) gives tlio heat of do- 
ooiuposition of lead a/ido as 3itl oalorM's jior 
gram, and the tenipoiature of explosion as 
1UK3'. It in jiraetually tlio only explosive in 
actual UHu tluvt is not an iiislanee of uxiiiation. 

The explosive properties of Uio iiiinmnt 
haUigtn coinixmudM are well known, but these 
compoundH aiv misuitidilc for priK-tieal explo¬ 
sives. 

Ae*'t}fU’Tir liWiixuuKh. Many of the com 
pounds fonneil by the net ion of aeetylone on 
motalltd oxidew and salts un* violent e.xploHives, 
and have Is'cn proposed as detonating exjilo- 
sivivj. The whito hoIuI oldained l>y jiasKing 
aootvh'ne into an acid solution of silver nitrati' 
has wen elaimed b\ the Siteiole Anon. Dynam. 
Nol)cl (Kr. I’at. 321285. l'.K>2) as a .subslitutc for 
menmry fulminate in elilorate detonating 
inixturos, and that obtaineil from an am- 
moniaeal solution of meriury uitrati- haw boon 
projKist'J by Venii'V (I'r, I’at 3il-t4r>l. IHOO) for 
a similar purpanc. 'Phe e\plo.si\e proponios 
of those two xanctioH of niUcr acoivlidc have 
l»«m examined by Lggorl (Chem. /eit. Ilil8, , 
199). Ho attribute.'* the dillcreiioe in tlieir ‘ 
explosive propeitiivs to the priveno*) of ocelmled 
impuritioM, silver nitrati' and oxide in the at'id 
ana ammonia jiroduchs ro.s|>eotivoly, and the 
' gas they yield on detonation. He found the 
acid product gave more gaseous product anil : 
grtvator oxp!o.sive olTect, and al.sb that the ‘ acid ’ 
silver acotylidc has greater disruptive pow’or lhaii 
silver fulminate, but loss than silvi^r luudo, and 
attribuU* the diffenmees to differences in velocity 
of detonation. , 

Sakkty Exi'i-osivks. 

IMor to about IR80, black gunpowder 
and dynamite wero almost the only explosives 
used in mines and quarries; the former for 
mining soft coal or obtaining large by>cks of 
rock, tho latter for tiic liarder matorials and 
where a^ttoring effects wore deeirod. At the 
proMii time, althui^^h gonpowder used in 
this country to the ex^nl of more than half 
the total weight of mining explosives, kieedguhr 


Dyiianiitc, ytonax, an<l 
Matagrute l.elatirio . 23,947 Od 

Of tho ‘permitted ex[»losive.H,’ thoKC most 
ii'*('d, in onler of quantity, wcio: Bobbinite, 
Samsonite, Arkite, Ammonite, Bellite, Moriobcl 
LNiwilei, Kijipite, llobunte, Stow-ito, Aninional, 
Westfaliti', Swuiite, Faveixiiuni Bowdor, C'ar- 
boniti*. K.xeellite, Uexite, (.'ormsli rowder, 
Kentite, Ablioib', Pcnnunite, Dynobel, St. 
Hch'ns Powder, Practurite, Negro Pow’der, 
Koitex, Stomonal, Dreadnought Powiler, ('am- 
bnlc. HntoiiUe, Doiuinite, Mmite, Superite, 
and ivs many other varii'lies used in sinalloi* 
<[uanlitieH 

Owing to an evur-increoHing number of coal- 
mwK' c.xplosions, due to tho ignition of tiro damp 
or dust by tiie linng of slioUs, the British 
Ooveinment ufipoiutcd a Oommission, which 
U'cotmnended that the explosive should be sur¬ 
rounded liy a jiM'kel of water, but no attempt 
wits made to de\i«e a nafety explosive. Subee- 
([Ui lit to the English ('oiun!iHe.ion, neveral of the 
(lo\ crnmciit^i on the ('ontinent also ajipointed 
('iimiin''Su>ns, Iwt tlie factiom which render an 
explo‘*i\ e safe to u.se m contact with inflammable 
nuxtun.'s were not dufiriiU’ly settled, and even 
now they are not known with certainty. It has 
been found impoHsiblo to devise an explosive 
that is alMolutciy safe under all conditions, and 
at the present time there is, in this country, no 
special dolimtion of a ‘ safety explosive,’ except 
tliat it mast yiass tho Homo Office testa and bo 
placed on tlie ‘ permitted list.’ 

According to tho Enuieh Cominisaion, in 1888, 
the factors ilcUTiuining tho ignition of inflam¬ 
mable mixtures arc tho t<'mperature of expk«ion 
of the explosive and tho duration of the flash. 
Tlioy found that a mixture of marsh gas and air 
ignited at but that at this temperature the 
ignition was delayot^ ten seconds, and a much 
, higher I'raporature was pcnniasible, if of short 
, duration, A safety explosive bad to fulfil the 
! eomlitions that the proclucte of oxpleeion were 
fnx' from inflammable Bubetaucca, and that the 
calculate temperature of eij^ion should b© 
below 1600'’. Explosives having a high tern- 
. perature of explosion, such as nitHjglycenn 
' 3200*’, guncotton 2000®, and ooUodioft cotton 
: 2060®, ^uuid be mixed with a materi^ having 
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tt low Uitoperaiuro of oxplosioo, such aa ammo- 
mum nitrate, 1130% ao that the mixture coiuea 
within the prcserilx^d limit. Three classes of 
safety explosives were introduced, the ‘ GriHou- 
tines ’ containing nitroglycerin and ammonium 
nitrate, ‘ Blasting Powdor P ’ containing collo¬ 
dion cotton and ammonium nitrate, and the 
‘ GrwuuniWs ’ containing nitroliydroourbons and 
ammonium nitrate. 

This tetnperaturc limit cannot, however, bo 
rigidly apj)lied ; for ‘ cai’bonite,’ the lirst safety 
explosive, inxerited in 18S5, and at the jircseiit 
time one of tlio sab-st, hud a tcmj)craturo of 
explosion well above tliis limit. According lo 
Biehei, the unentfir of carbonite, the caleulatetl 
U-mperatuie of tlje (.-xplosion i.s of no value iii 
deteruuiiing sah-ty, but the nuiximiim tempera¬ 
ture of the products of eoinluistion, file length 
and duration of tbo Ihuiii', ami tlic velocity of 
detonatum. ate tin- d<-teniiining factors. The 
amount <d the evplovu<- u.scd and the jiiiysieal 
and r)i*‘inu’al nature of t'he jirodi^ets (*f com¬ 
bustion, f.ir (>xam))li'. tlie propoition of mcan- 
divscent. solid jiailules, are of great nnjiortaiiee 
(t du< kaut. JtKM. 35) 

The Pni'^sian Conniiishion l ame to the I'fui- 
clusiou thati tlio qtiiekei I lie e.xplosion, tl;<‘ 
greatei t he safety ; eonseipieiitly, t hat kieselgulir 
dynamite luid giineottoii were .saf(‘, and that 
fiilniimite (letonatom could not ignite jul» gas. 
But thi.s ui'W iH no longor hold to he true in all 
coKi's , for ■ fiobbinite,’ a slow black jiowder 
iUlxtuie, iv one of the.safe.st and niosl extensively 
ijsckI s.ifeh’ esplixsjvtis, whilsl blasting gelatin is 
notfMiie. 

Till- .\usirian (lominittee deliiu'd a safety 
oxjtloMVt' as one that gives a short, but not 
briglit., flame, ami oiio tliat posses the usual 
gallery tests. Von Tiauer, in Austria, stated 
that bore-hole shots tliiit have done their work 
ricvi-r Ignite jut gas, and tliat tlie n.sk arises 
from blown-out shots and fissured coal, but this 
contention has not held good in all easos. Gutt- 
mann considered that the risk of a blown out 
shot, is fn»(|uentiy due to the rapidity of the 
e.xjiloHioii Ixiing sutlicient to ignite the goa 
mixture, owing to the heat proflue.ed by tlie 
comj»re.s.sion and friction set uji in the atmo¬ 
sphere by the exjdosjon ga.ses. 

T(Mittg —The <juestion os to wlicther 

e\plosi\<« are Buitalde for use in hery mines is 
now vhiofly decided by pubniittfUg them to a 
practical ttjst, which is int^mdod to siniulaii'. 
more or less, the conditions of use in these 
mine.s, The exact nature of the test varies in 
difTereiit countries, and tho severity of the test 
has, from time to time, been increased as the 
factors determining safety have l«.'Coinc better 
undorstooil, and tho manufacture of safety 
explosives consequently lujcome more perfeeUw.!. 
Bxplo.-^ivort at one time ‘permitted’ are «>cca- 
sionally rxjmovod from the list, os the conditions 
of are made more stringent. 

The test consists in firing a number o^shute 
andor dehnito conditions into an exjdoeivo 
JnixLuro contained in a long gallery, tho explosive 
pwaing the test when no explosion occurs. 
Most countriee have one or more official testing 
stations, and muiy manufacturers of explosives 
have their own testing galleries. 

A testing gaUery, rased on a priv^ one; 

Hebbun^ Colliery bdoogiiig to some north- 


country private manufacturers, was eetablmhed 
at Woolwick in oonsequcnce of the Coal Mines 
Regulation Act, 189fl, to test explosives pro- 
osod for use in coal-minos. This was amendrd 
y the Coal Mines Order of August, 1906, and 
by a lator Memo, in May, lOll, in which the 
twte for ‘ jHirniitted ’ explosivoe wore revised, 
with the r||ult that the tenting station was 
nuuovod from ^V’oolwioll to Rotherham. Those 
that iiass this tost are put on tho list of ‘ per- 
mitlS which indicatea, not that they 

arc alwoluboly safe under all conditions of use, 
but that they arc safer tlian thoso nob on 
the list. It i.s, mdoed, recognised that all 
exjdo.sive.'^, u^ed under certain conditioriH and in 
sullicient c(uantifcy. will ignite mixtures of pit gas 
or e(;jil dust and air. 

In lestinc, a given weight of tho explosivo is 
liied from a gun inlo a mixture of 85 p.e. air and 
15 p.o. coal gas. The shot in ‘st-emmod ’ with a 
iliiiirute loiigth of dried jiottery clay. Those 
eomlitions at U’oolwieh arc not intended to 
exactly imitate' the actual conditions obtaining 
in a liery mine, hut rather to give a severe tost 
wlm h can !»■ unifoi iiily roju’odueed at any time. 
It IS for 11lls reiwsoii fliat coal dust is not employed 
111 the Woolwich t(‘«t. 

Th(' Woolwich to.sting gallery is an inin tnlje 
'2 feet l> ineh(‘s in diamoter and 28 fe<it in length, 
with seven MafeL> - valve onliee.s at eijual intorvala 
along Iht' top of Mie tulu', to allow the oscajMi of 
tli(‘ uus following an explosion. The shot is fired 
from a gun at a <ioliniUi angle with tho roof. 
Snell a vvoiglit of the explosive is fired os is 
<‘({i]ivalent iiisiTengtIi to 4 ozs. of dynamit4i No. 1. 
The charge was <letei'mined jiroviouH to UKX) by 
tinding llie weights neewHary to give equal en¬ 
largements in tlio lead-block test, nut since that 
time the relatue Htrengths of tho various 
explosivoM has been muiunircd by a ballistio 
jicnduliim tent, which lias boon found to give 
nioro accurate results. One of tho guns is 
charged with the exjdosive and fired from a fixed 
distanee into tho muzzle of a 5-ton mortar of 
13-ineli calibre sustiouded in an iron framework 
from an overheurfl beam. The swing of the 
mortar gives a measure of the strength of tho 
explosive. 

If the gas mixture do<is not firo in 20 shots, 
10 shots with 12 inches' sU rnming and 10 shots 
witli 9 inches’ steinming, no explosive Ijcing^loft 
nnconsuniod, tho explosive is considered safe. 
The size of detonator and nature of the wrapping 
to bo u.sed with the explosiv'o are defined, as 
those are found to materially affect tho rtflults. 
For instance, oxplosivt« containing sulphur are 
much less safe in k lead ^Iloy case than in a 
paper wrapper. 

Any expletive, if fireil in sufiie.iont quantity 
and unstcminod into a mixture of cool gas and 
air, would I'ause the ignition of the mixture, 
and as early as 1903, Wattcync, of tho B^ian 
Uf^ting station at Frameritw, suggoetod that the 
highcet c'tiarge which in a given number of 
shots failcHl to ignite the mixtun» used in the 
testing gaUery, called the ‘ chaTge-lfmite,* 
should betaken as a measure of s^^y of the 
explosive, and some idea of the order id safety 
of different oxploeives obtained. This id|a WM 
genmaJiy a^pted exceptin E^land, and this and 
other differences in the o^iditioos <ff testing M 
to ll^ English and Contmental systems fipMag 
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v«ry dilleroiit r«nulU<. und many explosives 
uanwMl by the one were condemned Oy the other. 
The proficnt HystiJin ol li-Htiiig in Engliwd con- 
(orinH raon* chwcly to (^mtinental practice. 

■I* in 101:2 tin- nimlitiojH of U'stiny in England 
were alt^Tcd, iimi a jnore modem station was 
on‘cU^<l at JlotlnTliiiiii, the old Htntion at Wool¬ 
wich U-iiig (loHfd in February.^ lldl. The 
}ti)th(‘i'hafji gallery is an iron tube, f) fet^t in 
duimetor, and hO fed long. The bore ^f the 
eannon m 4 feet long an<l 2 inebeas in diarhet+T. 
The eajiacily of the gulliTy is IlM cubic feel, ami 
the projiortion of eoal gas ohimI in the rnixture 
is Kbr) ji.e. I'did-diKsl, in alscj nsed, 40 ozs. being 
spread on a board in the tii-hl 10 feet in fiont of 
tnn eanmm, and a furllier HO ozs. [ilaced in 
heajs along the leinanung 4U feet of Me* galleiy. 
The coal usi'd ih of a jiait-ienlar (piality. giving 
2’4 n.c iiioihtori*. 20 0 \(iliitih’ nial.ter, (^ri 4 p.i' 
Hxeo carbon, ami IbOl p.<'. aeli, and is gjouml 
to paa« a loO inesli ,sieve No taillping is used 
in this t<'st, I.he eiiarge being lived diri'i-tly mt" 
Iho e:n)losi\e mivtnri' of ('oal giuri. eoal-dust. ami 
air. The largest eimrge wliieli fads to lire tiie 
inixlure m one of li\e shots is Known as tiif‘ 
‘maxinuini’ eliaiye, and this must not be h'ss 
lliati H OZ.S The explosives are made up into 
cartridgi'H of Ig inch diameter, so tliat they 
oeemiy onlv half the seetiomvl urea of the boro. 

Tiie ballistie pemlidiim at Itot.lierliiim weighs 
n tons 1 ewl, and luis a bore of )!{ im lies ; t he 
radius of swing is 7 feet H inches, and tlie lieai- 
ings are made ii.s fnetionh'ss as possible. 
eliargi* of 4 o/s. of the explosive' is louiled into a 
eannon, steinmi'd with ela\. and tired close nj) 
into the mouth of tiu' ]iemiuhim. tlie bueU svMiiu 
of whieh is recorded m iiielies, 

On till' i'ontineiit, sumiar testing stations 
exist, the lirst testing st.aluin being Iniiltr In the 
Prussian Onveitiim’iil at Neunkiielien The 
gallerii’w are long wooden oi non tubes, round 
or oval in section, but nsunlly eonsuieiably 
larger in section than the Woolwieli gallery 
At tii-Hl t-iie I'.xplosives were Husjiended in the 
gaa mixtui'i' for tiring, but tlie mixture under 
llu-ei' (’onditions always iired, and the nu'thod 
of living into tiu' mixture from a sinaU I'liunon. 
wiwi adopted. Tbe galleru's vary in sensitiNenoss 
according to their lUameter. material, and 
situation ; and the results obtained at one gallery 
an* uot directly eomparable with tlutSe obtameil 
at others. A particular gallery will also give 
im*(tular n'snlta on eertaiii days, for masons that 
have not Inx'n (‘XjilaintHi, but atmospherie 
piwsure is probably a eonsiderable factor, and 
rosults obtained <in those da vs have to be 
neglected. The exfdosivo ‘mixtim' geneially 
used is prepared with natural pit gas, but 
occasionally artifieially prepaitnl methane, coal 
gas, or even b(*nmie va^niur is used, and usually 
ooabduat is suapendod in the explosion,mi.xtun> 
Cool-duRt is Kaid not to inercase the sbiisiLivcnew; 
of tho niixturw. but causes tlie ignition to bo 
inorri violent and therefore mom visible. Iteyling 
showed expenmentaUv (Gluokauf, 1908. 1717) 
that all cxplosivffi ignite either coal-dust or a 
gas mixtim* more readily than a coc^bination 
of the ^wo. and in Genoany safety exploaives are 
not now tested, as formerly, in a gaa mixture 
containing t^oal-duat, but in fire-damp (S to 9 
p. 0 .) and c^-dwt vJxUitw separately. The 
oaonSns used vary in bore, and it nas been found 


that the iiaiTower the boro of the cannon, the 
easier the ignition. At the United btates 
tceting station at Pittsburgh, the gallery is a 
steel cyUnder, 100 long, and 0^ feet diameter. 
Tlic gallery is filled with eitlicr coal gofl and air, 
cual-duKt and air. or coal gab, coal-dust and air. 
The liclgian gallcrv at Franu'riefi is a wooden 
cylinder, HO metros icing, and 2 square metres in 
Heetioiuvl area. The bore of the cannon 18 
4() eiii. long and r» r> cm. diameter. A mixture 
of (;oal ga.N, coal-dust, and air is used. 

The general methcKl in use is to find the 
r/iar[ 7 (!-htai/(', or maxiinum charge of the explo- 
hive which, m a seru'-s of 10 sliots, just fails 
to tiro the e.\j»l()si\e mixtuie, the, charge being 
unstemnu'd. The < onditions for use of 
mitted ' exjdosivcs ;irc frequently defined. They 
niuHt be used witli a ei'rtrnii No. detonator, 
an exph'sive teases to be ' permitted ’ if it is 
frozi'ti, and tlie nntuu' of the wrajiping and 
stemming, combustibh* or otherwise, may be 
laid down 

far tiu* greater numlier of 
safety explnsives i\ic either nitroglycerin mix- 
ture.s or amnionuim nilnite mixtures. Sunie- 
(inic.s the inixtutes eonltun both ammonium 
nitrate and mtroui\eenn, so a.s to eoinbine the 
advantages of the two ty}>es. Some black 
jiowder and cjilorntc and jierehlurate ‘mixtures 
aix* also used. 'I'lii* ])roportjon of oxygen Is 
frecpK'nlily Kejit low so as to reOuee the tem¬ 
perature of eomlui'^tion by burning tbe carbon 
to monoxide onl\, but thi* objection to this is the 
jioiRoiuiUH and eomhustible nature of tins product. 

The nitroglyeeiiu expiusives, containing a 
little introeotl-un to g(?la1inise them, have a high 
eliaiguig density, an* readily di’lonatcd, and arc 
waterproof. The lattur quality enables them 
to be imi'd in dam)) or wet bore holes. They 
ar(' jiloHtie and can be well rammed into the bore 
liolos, thus iwsunng a maximiitn efTcet. They 
are sjiecially UHoful in blasting the harder 
materials. 'I'lie safety of thcHe explosives varies 
invi'rHi'ly wiili th(’ jirojiurtion of nitroglycerin, 
and the maxuinnn jiormiHsible is about 30 p.c. 
'riie nitroglyeprin exploBives ar<i not so safe 
acauiht })ereu%ion. such as an accidental blow, 
nv loo hard rainnnng, as tbe ammonium nitrate 
e.xploHives ; anil when so ignited not only does the 
whole cartridge, explode, but the explosion may 
be eormuiinieaU'J to the adjacent cartridges. 
Anollier drawBaek is their liability to (recie. 

The ammonium nitrate oxploeives, which 
give a large, voluino of gas at a comparatively 
low te.m])erftture, are very safe, because of the 
large amount of water contained in tlie products 
of explosion, but they are diflicult to detonate 
comptet.i'ly, and usually their hygroscopic nature 
ueeivssitates the use of a waterproof wrapper. 
Tliey are so diHicult to ignite and so insensitive 
to jrfireiission. that their tran-sport is quite safe, 
hut their charging density is low and their effect 
less than that of c the nitroglycerin explosives. 
Whom ammonium nitrate explosives, do fire by 
pereussion, only that portion actually struck is 
Ignited. They necessitate the use of large boro 
holes, and are consequently best adapted for 
blasting soft materi^s. Ammonium nitzate 
itself is quite safe in any quantity, and the 
safety of mixtures preps^ed with it depends on 
tbe nature and proportion the oombistibls 
material. 
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Ammonium nitreto explo«ivoi containing a' aivc mixturw containing them, auub as * oar* 
amaU peroentage of nitrocellnloae, have b<^ ; bonite * aifd ‘ gelignite.* 

thoaght» especially in Austria, to be amonAt' The good efifeot of wood meal Led to ^e 
the amoit, rat they arc nut permitted in this . manufacture of those safety black powden, like 
oountry. The reason for this is that they arc Argus powder and earthquake rawder, con* 
liable to slowly dooompose and become acid, taining a high peroentage of volatile matter (see 
the liberated acid and ammonia attack and (Jurtis and others, Kra. Pat. 17878, 1898, ukd 
deoompoee the nitrocellulose. (5523, I89d|. Some or the good effect of tiieee 

Both Dautriche and Taffanel have eetab- slack-burnt charcoals has auso been attributed 


liahed that, by the addition of potassium 
nitrate to s^ety cxplonivos, the factor of safety 
in pit gas mixtures is considerably mcreased, 
whether the temperature of explosion bo high 
or low. The heat of combustion is conaiderably 
lowered, whilst the explosive force is not appre¬ 
ciably diinuiiahod (Taflanel, Zeitach, (Jtis. Schiess- 
u. SprongstofTw. 1910, 305, &.C.). 

Safely \ngred\fnln .—Tn safety explosives, the 


to roilucod content of solid matter. Curtis 
and othoTs (Kng. Pat. 075(5, 1898) claimed the 
use of a layer of sodium bicarbonate in front of 
an ordinary gunpowder charge, the safety action 
depending on the liberation of carbon dioxide. 
Tiio Weetfabscli -Anhalt. Sprengstoff. Aoiien- 
Gwclbi. (Kng. Pat. 3334, 1902) compound an 
explosive nuxture so as to produce a largo 
volume of ammonia on detonation ; Uesohko 


ingreoienta are so proportioned that tlio carbon is (Eng. l^it. 25780, HM)r») suggests copper oxalate ; 
mainly convert/cd into carbon monoxide. This von Dahmun (Eng. I’at. 75(52, 1898) suggests 
roducce the (o!nj)erature of the explosion without Lhc use of ac(‘Lic‘, citric, or tartaric acid and 


sensibly diminishing the explosive force, owing 
to the incniaaed volume of gaaos produced. 
The principle of safety explosives is, further, so 
to arrange tho nature and proportion, of the 
ingredients that a sulliciont volume of non- 
inildmmable gas, such as water vapour, carbon 
dioxide, nitrogen, ammonia, &c., is produced 
to dilute tho carbon monoxiilo and prevent its 


their salts with such explosives as roburite; 
Calleubcrg (J''r. Pat. 322940, 1902) proposes to 
add turpentine chloride; Macnab proposed to 
insert a gla'^s tube containing aqueous ammonia 
into the gurijiowdcr cartridge. 

Tkstino EXHLOSrVBH. 

___ The explosive diarocteristioa of a powder 

contact with the air until its temperature has deiieml jinmarily on its choniieui nature. The 
fallen below tlio Ignition-point. analysis of exjilosivos is consequently of great 

Ah already mcntionod, tho lirat suggested laiportane*'. As far as space would iicrmit, an 
remedy for the prevention of tlic ignition of lire- outline of the analysis lias already boon given 
damp was to surround the cartridge witli a under tho individual ex^tlosivts. 
watcr-jackr*t. Subsoquentiy it wiui found that The purity of tlie ingrodiontc, eise of the 
tamping the explosive with wet moss, sawdust grain, intimacy of tlie udinixturo and doiuitVi 
saturated with a solution of alum or ammonium also largely infiu<*nco tho char^tor of the 
chloride, sand, or clay added considcralily to explosive. A niieroseopic ^ examination of 


mechanical mixture, as with tho cap uomposi- 
tiun, is of value. 

An eye insj>eclion of cxplosivee that have 
b(‘en in Htore should bo made for any sign wif 
ofllorudconce and dcdiquusccnce or exudation. If 
a nitroglycerin explosive; and for signs of 
cracking or breaking down, in nitrooraulose 
powdeiB ; or local patches of discoloration in 
nitro powders generally. Tho development of 
a<5idity, as shown by tho reddening of blue 
litmus paper, often indicates deoomposition. 

Stability Tests lor Nitro Exploriva. 

One of tho most desirable properties in 
explosives, whether for use as propellaote or 
dwruptivoH, is that they shall do chemically 
stable under all the conditions of climate, 
storage, and tra^'inort that they may have to 
withstand. All nitro exploeivca undergo de¬ 
composition at temperatures below, in tome 
ca.Ht» considerably below, their ezp]o<hng-points, 
even, when pure, and many of them are liable to 

_ _ __ contain traces of acids and impurities that are 

of so^um or potassium nitrate; or better, the , much ieas stable. The deoomposition of thase 
alkali chlorides are themse^cs used (Bicliel, Ft. j impurities loads to the production of high 0 
Fat. 327888, 1902). ; oxides of nitrogen which act catalytically on the 

Modem (3ennan safety explosives contain | explosive itself, and may load to the spontaneous 
large proportions of potassium or sodium ignition of the latter. 

chloride, and these exjSosives are very safe, j Theeextensive use of’ guncotton, dyu^itos, 
especially in ooal-dust mixtures, but are not so smokeless powders, and other nitro tfplOMVW 
powerful as the older explosives. ' necessitates the use of tests Uiat will not only 

The use of materials which absorb heat on | determine the stability of the ingpediaBts thesD' 
decomposition, such as wood pulp and rye Hour, j selves, but also detect Ahe preaenoe of ^y 
has been to great si^ety on explo- ! itafala imporitieB. The ttft shonld aiao ha 


tho safety; tamping even with only I inch of 
dry sand was shown by Uuttmann to double 
the safety. 

Tho use of wet tamping materials led to tlio 
Uflo of salts containing large quantities of water 
of crystallisation, such us sodium carbonate and 
magnesium sulphate, or salts which lilicrate 
much water at the temperature of explosion, 
such os ammonium oxalate. * 

A large jiorcontage of sodium carbonate is 
used m ^ wetter dynamite ’ and ‘ (rri.Moutine,’ 
and ammonium oxalate in ‘ securitc'.' Mag¬ 
nesium sulphate has not been much used 
because of its effect on the miners. 

Another class of additions is salts which 
dissociate and absorb heat at the temperature 
of explosion. Examples of this class are 
the potassium dichromate in * dahnienibe ’ 
potassium permanganate in ‘roburite,' and 
ammonium chloride in ‘ antigrison.’ The use 
of ammonium chloride led to the production of 
hydrochloric acid in the mine gases, and it was 
consequently mixed with an equivalent quantity 
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Ktmplo and reHable, and only take a Bliort time 
to carry out. No Hirj^do teat has b(^m devised 
that iu univorHally a})f>lic'u})le and will aatisfy all 
those requirenientH, and it is usual to omjiloy 
two, three, or inore of the nuin<!r(ms tosts that 
have been worked out an<l to form a definite 
concl'iHiou on the (!onibin(?d rcwulLs. 

Vioillo eoncludiul from his riwultw with the 
Frf'iich ‘ I’oudre B.’ tluit t he hfc of a ]>ro|iell!inl. 
oould U* caleulaU'd from tin* nilo tliat a li^*. of 
I liour at 1(X>' =^1 day at f month at 

40’’=^! year at n’o'^. This rule is (‘xprcHsrd bv 
the formula wlu re 1.^ is the life 

at the storage temperature , ami 1/r the life 
at the tenijieraturo '1'' of tlie sfiibilily list. The 
rule IB approximately tiue uilli I he )eser\a‘ion 
that tile e(K‘l)icient I'ln vanes sliu'litly uilii tie- 
nature of the ))ro]H'llaut. its e<mi[)osMion, and 
method of maiiufaelure. 

Unless otlier\vis{‘ iiH-liiiijUi'd. lite tests ap|>!y 
only to nilroeellulose or nilioe< llul(ise p<)\\i|< i.s. 

J)rfa(frfihtin h s/. One (d thy earliest, tests 
was that devised by Heas. 'I’lie expliisi\»i was 
lioaUxi at a fixed hijj:}! teiiifierature. ami the time 
of evolution of roUmr<sl fumes iinit also of linm: 
was noted. In a modilied test, tlie explosive 
wofl healed under ]uvssure ut Tfi’ till oNplosion 
took plaee. This U'st,. wlm h is. at. best, only a 
vory rou^li iiubeatiou of Ht..ability. i.s not mueli 
used ut the pnwent time, but is the basi.s of 
several other t<’st«. 

f'umv. I'lie t*'st., ileosed by Thomas, 

oonsistN in healini' n delniite wei;rlit of the 
explosive at a deliniti' (devuled lempenU.tiM- 
until brown funu's apjx'ai, tiu* stalulity ol 
the explosive Imuii;^ juiitaxl by the time tiiUen 
The method of earryiim out the t<‘st with gun¬ 
cotton is HH follows ; 2'.'» {.'i-aniH aio wei^died out 
into a well-eleiuiMl kIoms tuhe, .‘1:1 em. x 1 •<> cm., 
and prtwsed down to a liei^ht of d eni, The 
tube is closed by a welldittin>' |.daH« slojiper and 
nfaeotl to a depth of It) ein. in an oil hatli. 
ImaUMi to At the end of 10 minut.e8. anv 

moisture ccnuh'UHod on the upper part of the 
tub© is wiped out. A standard tint, for fixing' 
the end of tost is made by tillinii a tube witli a 
solution containing H mgius. of poUw^sium di- 
ohromato and 0 4 gram of eidiuli sulpluiU' ptu- 
litr©. The Uwt is an olVieial one in Franei' and 
Holland, and is fri'qucntly usi'd in eoi*binal.ion 
witli other ; the temperature of tlie test 
bein^ varied. 

An objection U> it is the lengtli of time it 
takes for coiuplotiou ; for example, as used in 
Holland, guncotton hcaU'd for lb hours a day 
at 95® rT>quirv« 21 days before rod fumes are 
dovolopod. 

.dtfi hfal trst is the English oOieiul heat teat 
applied to nitro explosivt'P generally, and is 
donned by the Explosives Act. 1875. The 
principle of the teat is to note the tinu* r^uired 
to produce a stonJanl discoloration of a tot 
l^tassium iiHlido-stareh pujirr. when the explo¬ 
sive is beat^Ml under spc'eiUod conditions. The 
explosive is weighed out into U.»«t-tube». about 
5} to 54 inches lon^, and holding 20 to 22 c.c. 
When filled to a height of 5 inehtw, wffich are 
oloood bw an indiarublxu* sUqiper, fitUxl with a 
riaas roa terminating in a platinuui^^re hook. 
On the hook is suspen^ a tost paper, about 
10 X 20 Aim., the upper half of which is moistened 


with a mixture of equal parts of glycerol and 
water. Tlic tost papers, on the correct prepara¬ 
tion and sciiBitiveness of wliich the test dewnds, 
are now made by the Home Oflice and by the 
"War OtTice, and supplied to manufacturers of 
explosives. The tcHt-tubes are placed to a 
tlcptli of inches bi-low tlie cover, in a water- 
bath, the temperature of whieli is carefully 
regulated, at usually Hit)'’ or l8b'^F. The water- 
bath i.s a splierleal copper vessel, about 8 inches 
in diamet'-r, tittod witli a cover having a number, 
usually six. of circular holes, titled on the under 
.sidn with clips to take tlic tubes. The bath is 
fitted wifli a thermiimeier, the bulb dipping 
2',‘ in<-lie.s into the Ijatb, and usually some form of 
temjierature i-egulator The te.st is complete 
when fiii^ f.Liiit brown line which appears at the 
jiint'lion of 11 h> wet and dry ]iarts of the test 
p.i]K'i'. wlmh Is adjusted to lie § inch above the 
cover, is eipial in tint- to the brown line on a 
standard tint jiajxT. This standard tint is a 
line drawn on ]>apei of similar make to nnpre- 
piiM'd test jiapers. witli a .snlntioii of caramel in 
water ot ilelmed stTiiigth. 

’(’lie 3''iiglisji (lfi\ernment. sjtecifjeations re¬ 
quire Mint mtrogIy<-erm disjilaeed hy water from 
dynamite, shall stand for 15 nunutcB at ]()0®F. 
(7I‘'<'); biiusling gelatin and g<‘latin dynamite 
1(1 nnnuteM at Ibtr F : cordit e and ballistite, 15 
miiiiitosat 18(1 F, (H2 '('.): guncotton and tonite, 
!(i miiintcH at 17b 'F. (7(»‘(i'; and gelatinised 
guncotton jireputaiions for 15 ininutea at I80®F. 
Smokidoss jiowders are ground in a mill and 
Hiftri'd, ainl the juirtion retained between two 
sieves luiving Jiole.s equal to U and 21 TbW.G. 
|•l*sp(■etlveiy is usial for tiie ti'st, 

In (lie Uriib'd .State.s, the first appearanro of 
a brown lino is taken as the end of the test, and 
the spei ijii>(l times are nitroglycerin, 15 minutes 
at IdO F. ; bliusting gelatin dynamite, 10 
minut/<>s at. ld0'T'\ ; nitrocellulose* lor tin* Army 
40 minutes, for the Navy 30 minutes, at 160®I*\ 

, (tM-ri"’!’.) ; guncotton from compressed blocks, 
i 1(1 minutes at 150'F.; nitrocellulose powders, 
i 10 minutes at 1(K)“J'', and nitroglycerin nitro- 
! cellulose powders, 20 minutes ut 150°F. 

In German\^ /me iodide is used instead of 
i potassium iodide in the preparation of the test 
I papers, which aixi more sen-sitive than those 
prejtared with potassium iodide. 

This Uvst la. perhaps the most generally 
i applieahh- and most frequently used. Objec- 
; tions that have been raised to it arc that it is 
' purely empiiieal, and depends largely on the 
condititms of its application, and further that it 
' is really a test for traces of unstable impurities, 
and not of th(' absolute stability of the explosive 
itself. 

(luttniann. in 1897, point<>d out that the Abel 
tost could be masked and falsified. With an 
c\))loaive containing residual solvent, such as 
Acetone, the boat dcTwnda on decomposition of 
tin* nit#) com^Kiunos. combined with the re¬ 
tarding influence of the solvent. In a similar 
way, the small quantities of stabilisers added to 
iiitro expIoaiv<« influence the time of test. 

Tills is of littio importance eo lon^ as these 
masking agents are recognised csoosutoents of 
the explosive and present in their normal amount^ 
or are extracted before the test is taken, as the 
iitniU of the test are fixed a^ocwdingly. 
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Mercuric chloride, which has a very strong 
maeking influence on the heat test (aa little aa 
one part in 50,000 appreciably lengthens the j 
heat tcet of cordite) is, in some countries, a ; 
recognifted constituent of certain guncotton ! 
explosives, with the idea of sterilising thorn, hut 
its use is not permitted in this c<»untry. 

Modifications (jf the AUd test have been 
suggested, pniKMpally with a view of obv'iuting 
the influence of masking agents, (luitmaiin 
(J. Soc. t'hem. Ind. lHb7, 287), for exatnjilc. pro¬ 
posed a tc.st paper trcat<‘<{ with diphcnylainine 
disaohi'd m suiphiinc acid, which giv{« an 
intense blui* colour with traces of nitrous acid ; 
and Hoit^icnia (Zcitsch. angew. (’Iiein. 1Kb!), 705) 
jiroposcd the same reagent used in a (hnci’cnt 
manner 'I’Ih.s imiieator works well with gun¬ 
cotton exj>losi\('s, but with nitroglycerin exjilo- 
Hives the result^s arc erratic, and tlicy can also be 
readily masked. 

Mr-tajilM-nylenediammo was suggested as the 
best reagent by Sjuca, in 1H!»1», but this again 
does not seem to woik well with uitroeellulose- 
nitroglycenn explosives, and la'ither of the pro¬ 
posed modifications lias been a<loj)ted. 

Sili'iral-n.f.sr! Irst. This test was devised at 
the Uo\al (lunpowdfT Factory, W'aUliam Abli<‘y, 
to give an idea of the amount <if deterioration 
that a samph' of eonlito liad siilTeied, and fiom 
this to judge the furtlier length of time it would 
be safe to store the cordite at any given tcin- 
j)Cjatm‘e. 

A silvered va<-uuni-jaeketed flask is tilled 
with the ground saiiijiie of eordib^ and exposed 
in a balli heated to a constant teninL'ral.ur(\ of 
HO”. Keadings of a thennometcr, tlie bulb of 
wdueli IS in the centre of tho eordiLi-, are taken 
at intervals until the lomperature risew above 
that of the bath. The time taken ftjr tliis rise 
of temperature of a* is a measure of the stability 
of the cordite. The flask is fitted with a sjd'e 
tube in the neck, and the apjn'arancc of brown 
fumes in this tub<> ludiealeM tlii> active dc- 
composition of the cordite, and serves ivs a 
warning that tlu* test is near completion. 

h'nvm till' time of the test iri hmirs, using a 
factor tliat has been established connecting rate 
of m<Tca«o of deterioration of co’dite witJi rise 
in tpmjM>raturc, the length of Bervieeablo life of 
the eordito at any pailicular t-omperature can 
bo calculated. 

A newly made Mark I. cordite has a S.-V. 
tost of from 5(K) to GOO hours. • 

Orrmnn test .—In this tost, which is largely 
used on the Continent and is one of the American 
Service tcfiks, 2 5 grams of the air-dry exjilosive 
are heated in a glaas tulx^ loosely closed w'itli a 
perforated cork at a fixed temperature, until a 
folded piece of litmus paper, fixed at 0‘5 inch 
above the explosive, is completely ix’^ddcned. 
The temperature of the tost is 135'^. Tho time 
limits are fixed by teste with standard samplos 
of the particular explosive. Besides the time 
of complete reddening of t^e litmus, the time 
of the appearance of brown fumes aiM tho 
time before tho sample explod<w, aro also 
noted. 

Tho American limits for this test arc: for 
nitrocoUuloee and nitroglycerin powders, eom- 
pleie reddening over 30 minutes, brown fumes 
over 45 minut^ explosion over 5 hours: and 
for coUoided nitrocellulose, complete reddening 


over 75 minutes, brown fumes over 2 houni, and 
explosion over 5 houn. 

Vietlle k.tit. —This test is the French Service 
test. 10 grams of the explosiv’^e are weighed out, 
and A piece of standard blue litmus paper is also 
introduced iiit-o a glass tube which is closed os 
tightly as pos.'-ible liy moans of a clumped well* 
fitting stopper. The tube is heated in a bath 
maintainovl at 110 '. U’hen tho litmus j>aper is 
completv'ly redvlencd, tho time is noted and tho 
tula^coideil. The sample with a fresh piooe of 
litmus j)ap<T is introduced into a second tube 
and tho heating continued. This procres is 
, repeated until a pi'iiod of less than an hour is 
; taken to comjdotely redden the litmuH jiaiwr. 
Tlie sum of the number of luiurs of tho pro- 
MouH beatings is ihcn taken as tho t.imo of 
the tost. 

\ icille found tliat, as tho t^'inperaturo of tho 
bist was raised, tiio time is rotiucotl in orith- 
niotical ])rogre,ssion, and concluded that llO'^ is 
the l)Cst tcmiierature for giving reliable results 
within a n*asonabl«' time. 

“ I’oudro 15’ hius a Vioillo tost of ajiproxi- 
inatidy 5b houiw. 

I TIutc is a gradual loss of nitrogen from tho 
powder iluiing the fivil. winch Vicillo foun<l to bo 
, iijipro.ximatcly (»-(M)y p.f, nitrogen per hour, 

’ ilunng A tost of 100 liours (Mem. dos INiudros et 
j SalpctrcH, UKH), 71). Tho docreaso in tho 
j nitrogen content, and the time, taken to first 
j redden tho test jiafior, are iiotli corusidcrod in 
’ conjunction with tho total time of tho Isvst in 
I sentencing a powdor. 

j Will /rs/.-'-Tliis tost gives a quantitative idea 
of the stability of a nitrocellukmi), and is vory 
I largely usi'd in (‘onjniiction with such Untfl as 
the A^)el test. The test, which is fully described 
by Will in the Mitt, aus dor Contralstello f. 
U’lSHcnsch. Ti'ch. Untersuchungon, 1900, [2] 5, 
and 1902, {3| 34, is based on the moosuroment of 
thi' nitrogen evolved from guncotton when 
lieated at, a t emperaturo of 135". 2^ grams of 
the «Jrv nitrocellulose, or 3i^ grams of moist 
nitrocellulose as it leaves the centrifugal 
machines, are weighotl out into a glass dooom* 
lu>sition tube and conijiressed to a given volume. 
This tube is connected at one end with a pre¬ 
heating gloKH coil, and is fitted at tho other end 
with a well ground-in exit tube. Tho tube is 
pIa<HM] in an oil-bath fitted with a stirrer, the 
I temporatift'o of wliich is carefully regulated to 
135 . To remove the products of docomposition 
as fast as they are formed, a uniform current 
of purified, air-free, carbon dioxide is passed 
over the heated nitrocellulose at a rate of about 
25 c.c. per minute. Tho goscH after passing 
over heated copper^ gauze, contained in a heatea 
; ooj^per U-tube, to reduce the oxides of nitrogen, 

' arc collected over eaiistic potash in a gas 
^ burette, with a special zigzag arrangement to 
give thorough absorjition of tho carbon dioxide. 
'^Tho column of the nitrogen collected is read 
off first after 30 minutes, then after every 
15 minuien for a period of about 4 hours, 
caustic soda being frequently renewed. Explo¬ 
sions may occur, and the oil-bath is sarrounded 
by a str< ;ig screen. The results aro plotted on 
a' curve. The gaa from a stable nitroo^uloae 
should bo evolved at a uniform rate, and, if this 
is so, Will censiderB that the sam^ is nonnal, 
or has attained a ‘ limit^tate' of purifloalicni. 
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With unsUblo Ramplw, the gow evolution » j 
much grt‘at6r at first than lat<‘r in the test. ! 

To interpret the rrwults given by* any nitro- j 
cflUuloHo explwive, a set of Btanciard curves must 
be oiiUinml from well-purilied HamplcM for 
purnoHew of eonipariHon. Kiiplinh Service gun I 
eottona aviuagi' an evolution of 7'5 nigiiiH. j 
i 1 mgm. of nitrogen pc^r i liourh (Koliortson). 

UnM t(»t. Tliif^ in a moiliintation of Ihe Will 
tent, in which the dciompoHition is elTeeU'il at 
in - 

'rhis inodilication is llie one usually applicfl 
ti) high explosives r.r tlie nitro class, the tern- 
poratuTc of the bath and 1inie of heating varying 
with the explosive. M'lie dc<'oniposition tube is 
e.onni'eted by means of a well-litling stopjier, 
having a nu'reurv Inte with a hmg nuTeury 
inanonu'ter lidx' in whieli the gas volumes are 
reail off at inUnvals lui soini' da\s, and the 
rosult*!, eorreeU‘<l t<» N.l^'P, plotted and inter- 
preti'd by refi>rence In cur\es obtained from 
standard samples 

OhtTvililln- IcHt. ’rins test is siimlar to the 
last, exei'pt- that- the gas volumes are not eah’u- 
labid, but the iirc-ssures exeit.ed liy the evolved 
gafl. the volume of wliieli is kept constant, are 
ireordwd. 'I'lie rate at wliiefi the pninsuro 
inorea«<'H im taken as a ineaaun* of the decoin- 
position, and so of tin* instability of the 
explosive. Kor nitTocelluloHe, the tempi’raturc 
of the t(wt is Mittaseh (/eit**eli angew. 

(Ihom. Iff03, ff2ff) dcHcriboH a similar test in 
which the gas evolution is automattcally re¬ 
corded. 

liertffMnJi Jvnh /f.st. • This tivt gives 
very reliable nvmlt-s, and luw been largely uiu*d. 
eapecially in (Icrmany. 2 grarns of the dry 
ttitfooeUuloee an' weighed out into a tube 
35 cm. long and 2 cm. wide, and iin'Hseil tlown. 
The decomposition tulio is connected with a 
ground-glass st-opisir ronneetod with an alworp- 
tion bulb containing wat^^r. The explosive is 
heated for 2 hours in a bath, kept at a constant 
temperature of 1112“’ by boilirig amyl alcohol. 
The de<’ompoHiti(»n tube is then allowed to cool, 
and the water Ilow hack on the explosive. 
The content« of the tube and apparatus are 
wanhod and fiUcn'd. the filtrate oxiilisod with 
permanganate, and the iiitroiri'n ostiniats'd aa 
nitric oxide hv the Sehul/.e-'Piemann method. 
The UmitB of gas evolution ti.xcd are 2 5 c.c. of 
NO jMir gram guncotton, or 2 c.c. per gram 
collodion cotton. Tins U'st is considerably 
influenood by the amount of moisture present in 
the Bamplo. 

ffjif.—This is a U.S. vServioe tost (.1. Amer. 
Chem, Soc. 1905, 54!)). 1 U> 4 grams of the 

explosive are weighed out on a covered watch 
glass and heated in an air-bath, maintained at 
a constant temperature of 115® by a boiling 
mixture of xyieno and toluene. After S hours 
boating, the watch glass is cooled and weighed, 
and the process rej>eated daily for sortie six days 
or more. The diuly loss in weight, nigras. per 
l-grain sample, is plotted out, and comparison 
made with standard curves. The advantages 
claimed for this test are that whole pieces of 
tlie jx>wd6r are test^ and that volatile 
produq^s of decomposition arc determined, 

Jartfu^ Iff is a modification of ^he above, 
made in ordpr to reduoe tho tiros of the tent 
(Zoltseh. Gee. SchicM- ^ Sprengstoffweeen, lOOfi, 


395). Tho sample is heated at 130**—140“, and 
weighed after suocesHivc 2 hours’ heating. 

Intensity of Action of Explosives. 

The inUmsity of action of an explosive 
ponds on the volume of gascH produced, on their 
ti'inpcraturc, and on tho velocity of explosion 
or detonation of the substance, ^ 

CloHcd-vi'Ji’Sfl (.rjif'} —The ‘strength’ of 

an exj)losivo may bo calculated by Berthclot’s 
‘ ebaraetonstic product,’ QV^, where Q is the 
heat of explosion of unit weight, and the 
calculafcd volume of tlie gaseous products of 
explosion at O" and 7<)U mm. pressure. The 
result-s so obtained are generally in the same 
direetion as the re^mlt-s {'.xpcrimentally obtained 
for ‘ htrenglli ’ by tlu' lead blixjk tost. The 
volume of pcrinan<‘nt gases and the quantity of 
lieat evolvctl liave been dcti'rminod for many of 
the inori'important exjilosives ; but thegosos col¬ 
lected luid examined aie tiiost' remaining after 
cooling down to atTiios]Hi(‘rjc temperaturce, not 
those existing at the jieriod of ma.ximum tern- 
])erat-iiro. The uncertainty as to tho nature and 
the sp(‘('ilic heat of the products of explosion at 
llie liigli temperatures produced, reiidors the 
calculation of quantity ol Jicat into temporaturt* 
lia/ardoiiH. Tiic experjmentH are carried out 
Mitli different rli'iisiticK of cluirge in some form 
of steel bomb, Mimilar to Bcrthelot’K oalonmetric 
liomb. as used in the cxiwninentB of Abel, 
Noiile. Ih'ermg. Macnnb, and othcra already 
mentiuned, deiailH of whieli arc given in the 
papf'i'H referred to. 

Tlie })re.ssurcs developi'd in the bomb are 
usually measured by a iniuhrr gavge. This 
coMMists of a Hinall hteci i*ylnider, oloseil at one 
end, into uliieh a collar screws gas-tight. A 
piston working through the collar fits against a 
Binall cylinder of copiHir resting on the bottom 
of the 'cylinder chamber. On tirng tho explo- 
Hive, the giw pressure acting on tlie end of the 
pistsm cornpn>BH(« and short-ens the copper 
cylinder. Tho pre.ssurc in tons per square inch 
eoiTC'sponding to the reduction in length of tho 
cylinder, aecurat-oly measured on a inierometer 
scale, is obtained from tables compiled from tho 
cotnpimsions •produced by various statical 
pn-NBim*. Other methods of measuring the 
pressure art' used. I leering chocked the reeulta 
obt-ainod with the crusher gauge by closing an 
orillce of the bomb with a steel ball held in 
pasition by li^vy load cylinders. The weight 
was gradually rtniuecd until tho pressure was 
suftieiont to lift the load. Several pressure 
^ gauges have boon invented for directly measuring 
i the pressure. For example, Bichel (Eng. Pat. 

I 18273, 1898) has designed a gauge, fitW into 
' tho explosion vessel, which record the pressure 
’ developed by means of a pencil working on a 
- drum, rotating bv clockwork. Some knowledge 
I of the rapidity ot the explosive is also obtained 
; by the steepness of the curve recorded, and the 
! pressure of the coaled gases is indicated when 
i tho ciflre becomes horizontal. From the latter 
j and the volume of the obamber, the volume of 
permanent gases can be calculated. Petavel 
(Proc. Roy. Sc»c. 1905, 492) describes a method 
of measunng the pressure developed by explo¬ 
sives by means of a specially oonstraoted mano¬ 
meter which teoords pbotogr^hically on a 
revolving cylinder. 
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The iMempts of. Meooeb end Riatori ^ | 
experimMitaUy meMore the temperature of | 
exploeion ^ve been already referred to. Biohel | 
has attempted te obtain an idea of the torn* i 
perature of explosion by taking spectrum | 
photc^raphs of the Haines produced on dotona- | 
tion. 

Information of value, concerning the intensity 
of action of explosives, may bo obtained by 
detonating a charge (a pound or so m weight) 
buried in earth, and observing the size of the 
crater; or by noting the reaiition cffoctK (the 
dimensions of the crat-cr) produced on undis¬ 
turbed eart/h. or the bulge or hole produced in 
wrought-iron plates, by the detonation on them 
of the explosive; comparison being made with 
an equal weight of guncotton or other known 
explosive, tlio charges having the same area and 
shape (most conveniently cylindrical). 

Laid rylinder mtlbixl : ’J'rniizl IrM. —fn tills 
method the enlargement of tli(‘ cavity m u lead 
block of given diinensions gives a rneoHun^ of Die 
power of tlie cxjilosive. Abel’s results, cpioted 
in this article, were obtaine<i by tliis nict-liod, 
using oylinders of soft, ])ure lead, 12 lnclK^s liigh 
and 12 inches in dianK-ter, with a central cylindri¬ 
cal hole 7 inches deej) and 1 -2 inclieH m diameter, 
in which 1 oz. of cxjilosivo is detonated. With 
eylindors of these dimensions, no cracking 
through of the bottom is to bo ant ieiiiated ; the 
diameter of the bor(‘ hohf just a service 

I 07. dry giineotton primer, which is use.d us 
a standard of referonco. Tin' lead cylinder is 
placed on a stout iron plate, the weighed explo¬ 
sive (east or eomprewHed into a cake, or raniinod 
to a known volume in the bori' hole, according 
to eircumstanwvi) with a mercury fulinmato 
detonator (or suitable pnming such os will 
produce a maximum offect on detonation} 
inserted into it is placed at the bottom of the 
bore hole, tlio latter liUod with line sand [loured 
into it without pressure, and the detonator fired 
eloetrieall)' or by safety fuse. Tho volume of 
the cavity jiroduced is ascertained by meana of 
water and a graduated vessel, and the volume 
of tho bore hole being deduetod gives the enlarge¬ 
ment. With an unknown explosive, several 
experiments art! nocessary to asco»tain the beet 
conditions of detonation. This test is only 
reliable for the comparison of explosivas of the 
same type, and the results obtained with slow- 
acting explosives are of little value. The higher 
the velocity of detonation, th6 greater the 
erjiansive effect. 

Standard conditions for carrying out this tc«t 
were suggested by the 6th Inter. Congress of 
Applied Chemistiy% Berlin, 1003. The standard 
dimensions of the lead cylinder arc, height 
200 mm., diameter 200 mm., with an axial bore 
hole 125 mm. deep and 25 mm. diameter. The 
lead must be pure and soft and the cylinders 
used in a series of testa must be cost from tho 
s^e melt. The tomperaturo of the cylinder 
must be uniform throuahoub and between 16^ 
20 ®. 10 grams of tne explosive are formed 

mto a cartridge 26 mm. in diameter by wrapping 

tinfoil, weighing 80-100 grams per square 
metre. An eleotrio detonator with a charge of 
* is placed in the midst of the explosive. 

The charro is gently pressed to tho bottom of 
me bore hole W meara of a wooden stick and 
bore hole filled op with dry quarts sand. 


After firing, the cavity is brushed out and finally 
measorod. 

8and bomb melhod. —^This method of testing 
the explosive power was developed for detonating 
explosives by Storm and Copo (U.S. Bureau m 
Mines, Tech. Paper 125). A detonator charged 
with the explosive under examination is fired, 
by means of a length of safety fuse or electrically, 
in the centre of 100 grams of sand contained in 
a eylindricHl hU'cI bomb, 21 cm. xO cm., cavity 
15 cm. x3'l ein .litUid with a loose cover per¬ 
forated for the firing fuse or wires. The sand 
listed is a pine quartz sand, passing a 20-mesh 
^ifvo, and retained on a UO-mesh sieve. After 
the detonator has been iired tlie sand is sieved 
through a nest of live .sievw of 30-, 40-, 00-, 80-, 
and 100-ni(«ih to the linear inch, and the strength 
of Die detonating charge determined by the 
eoinrninution. Jt was found that tho total 
wiught of sand that iwihhiw tho SO-mesh sieve 
after the Usst ih a nicawuro of tho strength of the 
explosive. Storm and (kuto found that the quan- 
titie-s of pulvensotl sand are directly projior- 
tional to the weight of explosive charge in the 
detonator, and also showed, for instance, that 
the strength of mercury fulminate and ful¬ 
minate-chlorate mixtun*H of different proportions 
as indieak'd by this Uwt, was in tho same direo- 
tion os tlieir rt'iativo efficioncies in initiating 
detonation in otlier explosives, 

Abbol'a (ipfxirttluH. —Many of tb© earlier 

values for tho intensity of action of ©xplosives 
were obtained by Abbot in tho ring apparatus 
licseriliod in liis claHsical report upon * experi¬ 
ments and investigations to develop a system 
of Hubmarino mines ’ (Washington, 1881). The 
explosive wim contained in a suitable case fixed 
in tho centre of a wrought-iron ring 4 feet in 
diameter into which six lead crusher gauges 
were fixed at equal intervals. The apparatus 
was Hubmerj^ed in deep water, and the explosive 
fired eh>etrically. The explosive force was 
obtained as usual from the shortening of the 
lead cylinders. 

McKoberts baa di^cribcd a method of com¬ 
paring explosives by tho reaction effect their 
detonation produces on a pondulum-hung mortar 
weighing about 000 lbs. The distance from the 
centre of suspension to centre of trunnions is 
exactly 10 feet; the mortar is set with its axis 
horizontal. 10 grams of explosive are placed in 
a small recess l^hind the enamber for the pro¬ 
jectile ; the latter weighs about 40 lbs. and fits 
the boro gas-tiglit. The explosive is fired by 
means of a fuse and detonator; the angle of re¬ 
coil of the mortar is marked on a graduated 
index by a pencil which the former carries. The 
work done uy the explosive is twice that done in 
raising the mortar through the versed sine of 
tho anglo of recoil; this is expressed in foot¬ 
pounds. 

Detopative power and eensidveneM to detona-. 
tion. The sand bomb apfiaratus nsed for 
detonating the explosive power is adapted for 
determining the detonative power or smuitive- 
ness to detonation of eirolosives, as worked ost 
; by Taylor and Cope (l7.S. Bureau of Minsa, 
I Tech. Papr 145). In this method a oompoaite 
I detonator, oonti^og a fixed ^ baa# ohane of 
I some nitix^ explosive, say trinitrotoltuKs or 
{ * tetry],’ is primed with diminishing gnantities 
I of the detonating explosiye, whose detonating 
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power in to bo and fin^U in the bomb, the 

iniiiimum quantity of the pnmin}i; explosive 
ncKwwjary to give certain and complete oetonu- 
tion det<Tinined. Tim n lative HcnsitiveneHa of 
vuriouH i'xjilosjv<'s to the iniiiatitui of the aanio 
dotonaiit may aUo l)o d('t<Tniineii m the Kuine 
way, l>y ii.sinj^ tlKon aw base eluvi^es jn a parallel 
Bories of trials. O f ^raiii of tlie (‘xplosive in 
wei^ilu’d out into a eoppor detonator Bhiill, say 
5 mm. iliametei, un<I lightly eompronsed by 
means of a ^zUvss rod. The priming elui^t't' is 
thmi introdiieed. covered with a tlun perforated 
copper reinforcing (^R]», 0 mm. lony with mm. 
perforations, and ))rcHse<i down with a loading 
preBMure of 2iK> atmospheres j»<‘r H<piar(‘ uicli 
IneoinpU'ti' <le<(Hiation m indicat.ed by a small 
comniinutinfi <‘l!ci t on the sand, and tin- presence 
of ]>art of till! iinallered base eliarj^(‘ in tlie sand. 
E'or e.xample, by this nu-tbod it wfus lound that 
trinitroUhiicne is Ir.ss sensitive t.o dctenatmii 
than t('trvl, (he mnmmim c)iar;i;e of a jnniiin^' 
comportition of H; I fiilimnal.c-ehloiat.i' reijum'il 
for certain ami comphde detonation w.ts for 
triiiitrotoliK'iie ()-2r» ^ram, and lor “ t(‘tryl ’ 
O'ib cram, The sensitneness of t riiutroLolueiic 
WQfl fo\ind to be increased by admixture ><itb 
* totryi ’ in jnopfirtion to tlie MMiniuit addl'd 
TjCiwI tt’/.ide was bmnd to be a piirticularly good 
detonant for tetiyl. 

The ‘ Ksop test’ IS anotlicr method of 
di^Ujrmining the detonating power of exjilosivcs, 
the principle of which is to determine that 
mixture ot pieric acid with olive oil containing 
the liighcst ])ropoi'tion of oil t.hat f lu' detonatoi 
will just deU>nat4'. 

Velocity of detonation. Tlie old method of 
determining the rate of detionalion wiis to place 
a number of eaitnducs I'lid to end. pressed 
well in eonlaet witli one another, sn as to form 
a continuous lengtli of the I'xfilosive. 'I’liis cord 
of 0X))losiv(' was tired at one enil liy I'omi' 
efficient detonating agent, and the time of ex¬ 
plosion was taken by a Ihmleng^ olectro-lialhstie 
chronograjih. its described uiuler ‘ llalbsticji of 
a proindlant,' the two electric eurrents bong 
8uece.Hsively inti'nupled by the tiring of the twii 
ends of tlie cord. 

The ix'Hults of numerous e.xjienmcntei's 
showed that the velocity of detonation incrc'asod. 
Up to a certain point-, wit-li tlu' itiametor i>f the 
train of explosive. Thwe experinient-s uxpiircd 
a large bum of explosive, the tmin of c.\]ilo.si\e 
being usually about 3 ems. m dianicti'r and 
35 metres in length, so that they were botli 
costly and dangeroiw to carry out. 

Jlffl/ftTOMf/’v urord-T.—An imjiroved, purely 
olt>ctrical motliod of determining the velocity (*f 
detonation was descrilH'd by Mcttcgang. at Ibc 
5th Inter, flongn^s of Applied ('heimstry, Berlin, 
1903. Tt is a modification of Siemens’ ajqiarat us 
for measuring small intervals of tini(\ The 
method depends nn the eonsccutive int^'miption 
of two wires, carrying a divided current, running 
through two ends oi a long cartridge and con- 
neotea with a Ki>arking induction coil. The 
main current passce through a resistance of 
electric lam^is, and to ensure a high potential, 
no iton oore is used in the primary. Any change 
in the^’onai&Q of the cummt passing through the 
coil sots up an inducod ru^nt m the 
iljB OP daty c^il. One terminal of the secondary 
«iiB la oonoM^ to t^e bearing of a revolving j 


drum coated with lampblack, the other terminal 
ending in a lino platinum point. The induced 
currents cause sparks from the platinum"* point 
which are rei-ordcd an tiny specks on the 
blackened Hurfaee of ilui drum. From the 
Hpai'c between tlu'sc sjiecks and the speed of 
Iho drum, llic tinu^ of (U'toiuition of the, explo¬ 
sion train is found. Tiii' cartridges of the 
C-V])losiv(> are 3 <tuh. in diameter, and a total 
limglh of 3 to 4 nuhres is usc(i, the cartridges 
being cnelosi'd in an iron pipi* and buried in sand. 

Tin* liighcst rat-c of d(-Lonation recorded in 
cxjierimi'ihs wilb numerous exj)losi\es is about 
.sniK) metres jicr Bccond. A 4'nietTC length 
of cxploMVc wiiuiil tlicri'forc detonat e m of 
a seeoii'i, jiml with a lotary stiet'd of 25 metres 
, per s( eond the markings on the drum would bo 
12 5 nim. apart. 

TJie \el'H'iiy of detonation of exjilosivcs has 
been delerniiiied by Dautrielie (t'ompt. rend. 
llMKI, 143, t'dl). by a nu^liod deja'iiding on the 
use (if delonaiiiig iilamentfi. wlucli had a con¬ 
stant and dvternunr'd velocity of di'touation of 
(i.'OO melies per second. 

Two eijual lengths of the filament arc 
defoliated, one of which is cut, and a tube filled 
wilii the ex)ilosive is interposed. One end oi 
eacli filament is fi.xed to a detonating charge of 
fulminate, the other ends arc bound togothei' 
and fixed on a lead plat-c. The retardation of 
the M'loeit-y of di'tonation of the filament with 
the length of explosive introduied, causes the 
diHjilaeenu'nl- of a depression mark on a shoet of 
lead irom llio jiositiou given when two equal 
uncut lilamenis iu(' used. This displacement 
with tlie known velocity of detonation of the 
, lilanu'nts give tlie tune of detonation of the 
gi\(m lengt-h of tlie explosive. 

Sensitiveness to percussion. The, relative 
Hi'iisiiiveness of exjilosivcs to direct blow is 
usually determined by finding the height at 
wliicli a falling weight just fails to fire or explode 
them in oue of several trials, and is frequently 
expii'sscd in terms of the sensitivonesB of an 
I e.vplosive of the same tyjic taken os a standard, 
say jiieric acid for high exjilosivcs. Weights 
of dityerent mass are used for explosives of 
<lilfcr('nl tyjiePu o-kilo weight living common for 
high oxjilosives, in the form of a cylinder, with 
a })lane striking face, and fitted at the sides 
vvit-li jiuJJi'v wheels whicli run down vertical 
guiding rails. The explosive is spread evenly 
on flic fac(' nf a heavy steel anvil, sometimee 
b(‘ing cov'(‘rcd with a steel disc, or tlie layer may 
be sprc'ad between two dises. With the less 
sensitive exjilosivce a partial explosion or igni¬ 
tion oceuix with a considerably less blow than 
; that required to give complete detonation, and 
it is frequently uifficult to say with certainty 
whether any decomposition has taken place or 
not. In these easee the limiting blow has to 
be fixed by a spark or faint flash, by smoko, or a 
stain on the anvil, or even the c^our of deoom- 
poNiiian products lather than by noise of explo¬ 
sion, ftid the results at the beet are only approxi¬ 
mate. 

A sharper result is obtained with detonating 
I explosives, and a more quantitative roeult cftn 
, bo obtained by the following method: the 
i explosive in a X'ery thin but continuous layer fe 
flaoed on a deod-hudenod and surfaced steel 
>iock and covered with a small steel oylindxi^ 
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striker enlarged at the head and tapered at the 
base J/O give a circular striking -surface, say, 
0*2 inch in diameter, which is again dead- 
hardonod and truly planed. This striker, 
whuih is preSBod well down on the explosive, is 
held in a vortical petition by means of a steel 
collar, in which tlie lit is good without olToring 
any noticoablo friction. Tlio blow eoinmuni- 
calcd through tlio striker is obtaine<i by dn»pj)ing 
a steel ball, falling freely and olectrioally 
rclcasoil from a pointed magnet of just suiheiont 
strength to support it, on b) the onntro of tlio top 
surface of tlie striker. Tlie fall of tlje ball, tlio 
ireiglit of wlucli is Helecled according to the 
sensitiveness of tlio cxplosiv<‘, is determined by 
adjusting the electro-magnet fixed in a clanij> 
working on a rod graduated in tenths of a foot. 
The shortCHt fall is defermmed. to one Umth of 
a foot, which doe.s oau.se ignition or o.xjilosiori in 
at least one out of live attempt-s, and also tlie 
longest fall winch does not cause iguifuni or 
o.xplo.siou in eacli out of live successive attcmjvts. 
From tliesc falls tlw blows in fool-pounds ])er 
square mch are ealculat.(‘d, and a iiK'an in round 
liguroH is recorded as Llie sensitiveness of the 
(5xplosiv(?. Tins ini'lliod ehmmati's sucii in¬ 
fluencing fa('f.ors >us ft’K lion of tli<' pulli^y-wluads 
on tlie uuidi's, llie resistance of burred edgOH 


taken os the temperature at which a not too 
small quantity, not less than 0*02 gram, ignites 
after it cah n'asonably be expected to have 
readied tho recorded tom|)erature, kept constant, 
say, after not longer than 5 soeonds. Tho 
explosive is usually placed in a lightly covered 
! thick glass tube imniersod in a bath of air, oil, 
i or fusible metal. Another useful form of 
j apparatus is a long copper bar of squun' soction 
I in whioh two iioles an? drilled symrnotrioallv 
I witl.^f«pect to the end of tho bar, inlo which 
j nwpectivdy a 1 fiemiometof and small glass tube 
lit closely, so that th<' cmitn' of tho t-hermomoter 
; bulb and tlie bot.tom of tlie oxjilosion tubo are 
on a level with tlie axis of the bar. Tho tem- 
j peratiire tan bo n.-adily eontrolled by adjusting 
j the .si /,0 of the licating flame and its distance 
i from tlie thermometer and e.\[)Iofiion lube. 

I Tlie approximate ternporatun' of ignition is 
first (leli'iniincd by gradually heating up tho 
. bath or bar until the explosive firejj, and then 
the firing-jioint determirwHl by trials with freeh 
quantities of (‘xplosivo lu'ated at definite tom- 
j pcraiurcs, noting the luwtist temperature at which 
i explosion oeciirH undiT tho conditions given. 

I Character and duration of flame. The photo- 
I trrapliing of the fiaino of explosives was first 
j ttttompt»‘<l by iSdio(?nowi'g, the invtmtor of 


on the discs, and the blow of the falling weight 
not being trul\ givim by the full striking suriai'c. 
and it 1 -. only necessary to ciuefiilly a<ljust the 
layer of explosive f.o mtf onlv olitain concordant 
results, but iiIm) a quanlitative idea of the blow 
required for ignition oi evpiosion under tho 
condit'ions of the test. 

Detonator ca])s are tested by 1h(‘ fall, to a 
limiting licighl, of a small weight witli a striking 
8 t<'el pointer. 

Sensitiveness to friction. No Hatisfactory 
(jnant)taMvo nu^thod of testing the scnsitjvcncs.s 
of e.xjilosivesi to pun- friction has been devised 
One qualitative method is to rub tlie explosive 
lietween two snrfacefl of .sand-paper fixiHl to a 
board and a sliding block of wood nspeciivcly, 
the laU,er being suitably weighted. Tins motliocl 
is far fi’oni satisfactory; meri'ury fulminate, for 
instame. may frecjuently be reduced to fine 
powder by this means without firftig. 

Th(* ■sfttsiliveneji.^ to a ffkincing hlovf is more 
usually teken as a measure of the comparative 
sensitivi-Ticss of oxplogiv(w to friction, hut this, 
again, can only ho determined approximately. 
Till' nief hod usually adojited, *in which the 
^rt'rsonal factor is oonsidorablc, is to determine 
the nuiulxT of ignitions or cxplosion-s obtained 
in a Borio-s of hard glancing blown with a box¬ 
wood mallet or stes*! hammer of given weight 
on a thin layer of the explosive .spread out on ft 
wowlon floor, and on a stone and 6te(*l anvil 
alternatively. 

As with sensitiveness to direct impact, the 
explosive must be at approximately normal tom- 
porature when tested, as the son-sitivonoss is 
mcreasexl with rise of temper^ure. ^ 

Sensitiveness to heat. The tcmperaflirc of 
Ignition of an explosive is very dependent on 
the conditions of tbo tost. When slowly heated 
the ignition-point is lower than when tho heat 
u Buddenlv applied, the heat of decompoeition 
^ the e^lodve causing its'temperature to rise 
locally above the reftordod'temporature^to the 
ignition-point. The ignition-point should be 
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sccunte, and is now very largely used in deter, 
mining the character ot the flamoa of mining 
exjilosivtis, pnqiellante, and cap coinpoHitions. 

In testing the flame of explosivos, they are 
fircrl at night from a vertical steel cannon with 
a graduuii'd scale ]>laccd behhid it. Tho flame 
IS jihotographed ujion a drum covered with a 
sensitised film, rotating between screw pivots 
1 in a gui<I(‘ bracket, contained inside a box pro¬ 
vided w'ith a quart/, camera lens for focussing 
the ultra-violet rays attending oxtromo heat. 
Witli the drum at rest, the length of the flame 
i.s obtained. To obtain tho duration of the 
, flame, the drum, which is motor-driven, is sot 
I in motion, aiul nA soon as the required speed is 
I obtained, the shot is firetl electrically. From 
i tlie ftpc<Ml of tin* drum an<l the lateral extension 
I of till! lilnrrcd imago of the flame, the duration 
' of the flame is olitainod. A(‘cordlng tei Bichcl, 
tbf; limit values for the length of flame of a 
safety explosive lie between 0*4 and 2*24 metres, 
and the limit values for the duration of flame 
IxitwTcn and of a second. Coal 

carbonito and blasting gelatin were taken as 
reprosenling tho two extremes. 

Bichel compares tlio ‘ after-flame ratio ’ of 
different explosives, that is, the ratio of tho 
velocity of detonation, taken as unity, to the 
duration of the flrfhie, oh an indication of their 
safety. This ratio ft>r coal carbonite is 1 : 8'7. 
and for blasting gelatin 1 : 883, so that Bicbel 
concludes that the former is 100 times os safe 
as tho latter. The flame of all Explosives out¬ 
lasts thS time of detonation, but that of the 
safer explosives docs so in much less degree than 
those of the less safe. 

Ballistfes of a propolUnt. So far os explo¬ 
sives are cunoemod, only the internal ballintieB 
arc mearrt when ballistics are referred to, that is, 
the phenomena which take place from ^e time 
ignition is Jtirought about until the projectile is 
I dear of the* inBaeoce of the exnlasson gases. 

I The baliistios concern pirncipally the pressone 
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devolojKxl in tlio gun and fcho muzzle veiocitv 
of the projertih). They c'an ealcuiatod witn 
lome degn;e of accura<-v for any particular gun, 
with any Hpecial nature and form of proj>cllant. 
knowing tlu^ graviuK'tue <IetiHily of ioa<liug, 
that N, the ratio of the voIutiu' of tlie powder to 
the’ eikpiwuty of the gun ehamljcr, and the 
Jihertiicai r-onijiositjon and rate of burning of the 
powder. Wljon explonion lirst talo^H ])lac(', the 
gun eftamher may l)c lo<ik<'d upon as a cloHcd 
ve«nel, HO that the intensity of the initial <-hi»nber 
proHHure and tlio ranidity with wliieli it do- 
velojjH, dejM'iid direiitly on IIk* loading density 
The prcasnniH ohtaineil in a closed vessel are, 
however, never atit-HiiK'd, owing to tlie motion ol 
the pri)j<'<-tile enlarging the ehamher and 
lowf»nng th(? gravimetric density. 

In jinw^tiee, tiu' prowire.v attained m the 
bore of a gun are meivsured exjieninentally hy 
meaiui of crush(>r gauges, winch arc screwed into 
the bore of the gun at. tegular intiTvals, Imt. in 
the ordinary jirotif t.ewt.ing of a ])rnpellaiit. only 
the maxiiDUUi ehamb<*r ]iressureri an; deter 
mined by means of a (Tusiu'r gauge placiwl m 
the ehamlUT, TJiese eruslici gaug(« have 
already hern doHcribed in eonneeiioii with tdie 
nioftHunnnent of iloscd-veH-sel pri'ssuroH. 

In proving propellaritH, the irUn'ih/ that, a 
given charge will iinpurt to a jirojectih' in a 
jiarticular gun, is di'terminerl liy means of 
H Rouleng6 elironogni}))! or some modilication 
of this apparatus. Tlu' tune takim hy t he juo- 
jpotile to pass over a known distance is detiT- 
mined in terms of the space pivssed through iiy 
a fj'eciy falling body in th(‘ same time. Tlie 
ipojectilc ruts tlirougii wires stirtehed on t.wo 
ramos a known distance apart. Tli<‘ cutting 
of the wire on the tirst iiame liln'rates a mil 
Nusnomled hy an elrctro-magiiet. The cutting 
of tthe wire on the second frame puts into act.ion, 
by means of a second dropping rod falling 
throngli a shorti'r ilistanee, a Itnife edge, which 
makes a nick in llu* first, falling rod. From tlie 
spare fallen tlirougli liy ilic* markisl rod, the 
time for the projcHitile to ptvss over the ili.st’ance 
Iw'tween the two scri'ens can he <-aleulaU‘d. 

In tesl.ing the hallistus ef niiro jiropellants. 
they ani heated to a definite temjierature for 
Borne time hefort* firing. 

Iiihli<){jni])hn.- - A chrormlogicnl hihliographv 
on explosiviw up to the year JSitr* will be found 
in tlie second volume of (iuttmann’.s The Mann- 
twrture of Explosives. 

Periodicals : Arms and Kxphviives (Lon- ' 
don); Zeitnehrift fiir das (i«>samto Srhic'ss- imd ! 
SprengstoffM’esen (Munich); M^miorial des } 
Poudres et Salp^tres (Paris). « 

Books ; Traits sur la I'oudn', Jos (’orjvs i 
Explosifs et la l\vroteclmie, l^pmann and Von | 
Meyer, trans. hy DAsoriiaux (raris. 1878); ; 
A Handlwok on Modem Ex}ilosivw, Eissler ! 
(Ix)ndon, Explosive* and theiK Power, J 

Burthelot, trans. hy Hake and Maenah 
(London, 18fl2); Dictionnair'c des Explosifs, 
D^ortiaux (PariH, 1892); The Modem High 
Explosivea, Kissler (New York, 18th‘l); .Diction¬ 
ary of Explosivt*, (.undill and Thomson 
(I^ndon, 1805); The Manufaetum of EAplosivee, 
Outtmimn (Ixmdon, 1895); New Metnods of 
testing £xj)1o8ives, Bichel. trans. '.by’ I^arscn 
(London, 1005); Nitro ExplosiVee, Sanford 
(rx>ndon, 190(1); TreAvise on wrvioe Exploeives 


(London, 1907); The Manufacture of E^lo- 
sivoe ; Twenty Years’ Progress, (Juttmann^Ijon* 
don, H)09); High Explosives, Quinan (Mel¬ 
bourne, PJ12); Exjilosivi*. Marshall (London, 
I!ll7); High ExjiloBives, ('olvor (London, 1918); 
Notes on Military Kxplosivc.s, Weaver (New 
York, 1918). (1 H. P. 

EXTRACTION APPARATUS, The object of 
extraction is to dissolve out .some constituent 
or coiistituents from a substance by treating it 
with a solvent. When the Bubstance is a SOUd 
it may bo allowed t.o soak in the solvent 
at ordinary temporafurcs (marcration) or at 
, highi'r temperatures {tiwcihon), the solution 
Ixung after a time jxiurial off, both methods 
being included undc^r the term ififn/fion; a 
thini method is (.o boil the substance with the 
! soIvi'uL {({•■riX'ium ); and a fourth Is to allow the 
Holveut to ilescmid through a column of. the sub- 
.sf.;i.n<'<' iilaced in a suitable vessel {percolation 
or (h.'i-f>i/ir(ni( nl). The trcaf.nient when the 
slll)^tance is a liquid w ill be considered further on. 

Solids. 

Piocoflscs of o»tractu)n ans involved m many 
of the larger industritw ; for insf aiicj*, m brewing ; 
in the ‘ diJTusion ' proews of obtaining sugoc 
from sugai' beet or sugar (raiur; in tbe * lixivia- 
lion ■ employAi in the maniifaeturo of various 
; inorgauie salts, Ac., Ac,; and deserijitionfl of 
them will Ikj found eLewheie. IkwiiU* thoso, 

, extraction ujipanvl uses arc eiiijiloyed in the labo- 
i ratory of a small size for qiiantital.ive work, 

1 and on a larger seale for making various pro- 
j uaratioiis ; in the rnariufaetoiy they arc used 
tor pn'paring medicinal extracts, alkaloids. 
dyestuiTs, tanning materials, and volatile oils, 
and ill removing oil Ii'om sihkIs and fat from 
i)one.s .\ mathematical discussion of the pro. 
eosscs of extraction of solids, including cases 
of the counter r.urrcnl system, is given hy Hawley' 
I in J. Ind. Kng. (’hern 1917, 9, 8(1(1; 1920, 12, 

I 49d. iSVi? also on p. 110. 

I Wlum water is the solvent employed, the 
! operation may be r'()nduet.od in a largo pan 
I made of oojipei- or nickel or enamelled iron 
I iixed in an oujer jacket of iron, so that a space 
j IS left ln^Lwoen the pan and the jacket through 
i wbieh steam can oe mode to circulate and 
I heat the eontonks of the pan. Such pans are 
efther fixed and liave a pipe and tap at the 
bottom to draw off the solution, as ^own in 
section (Fig. I), or’else’they'are movable about 



an axis (Fig. 2), so that the pan can bo tilted and 
the solution poured off; in thoae, the axee on 
which the pan rotates are tubular to permit 
steam to enter and escape from the erace be¬ 
tween the pan and its iron jacket. When the 
infusion has been continued for a suitable tune, 
and the liquid has been drained off, tbe reeidue 
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IB placed in a canvae bag and subjected to strong 
preastire in a sorew press, in o^er to squeeze 
out as far as possible the last portions of the 
solution. A common form of press consists of 
a base to which two uprights with a cross bar at 
top are fixed ; in a thread cut thi'ough tho centre 
of the cross bar works a powerful vertical screw. 
Between tho uprights is a strong metal or 
wooden cylinder perforated with a number of 
holes ; in this tlic bag of rosiduo is placed, and 
on top is placed a thick plate which transferB 
the pressure exerU'd by tlio screw to tlio bag 
and its contents. Thu oj-linder rests in a tray 
of a somcw'liat wider diameter, and jirovidcd 
with a H])out; this tray collects and conducts oJT 
tlie exjircased liquid to a vessel {)laoetl bencat.h 
the. spout, l^-stuad of pressing tho residue, it 
may be infused several times inoic with waU'i' 
until it is comjilutely i^xhausti^d of the desired 
constituent*!, but this mctlK)d involves a laigr 
amount of sulxsoipient evaporation. Tlto solu¬ 
tions obtained by th<‘ above firoces.^eH are next 
strained through conical bags of linen or flaiim'i, 
and then evaporated down in jacket<“d pans Iik(‘ 
those previously iloscnlx-d. th^hquid being kept 
in motion by« me«-hanieal stirriT. 

In many easirs, evajioratinn at teinjicratiires 

>_^ near KM/"' luus jin injurious 

olTeet on tiie substanceH m 
P*-*——solution, and some arrangement 
\ / for evaporation in a jiart.iiil 

\ / vacuum is adopted ; this enables 

\ / tho evaporation to beconduiited 

\ / (it a lower lumneraiui'c than 

\ / when the liquid i« .subjecteil 

\ / to the pi’cs.sure of the atmo- 

\ sphere. 

\ / In the process of j/crcolation • 

\ / or displarvm.nii, tho powdered 

\ I Hultatanee is placed in a long 

\ ' eylindriual or conical vensel 

VW 3)» and rests on a per- I 

p forated disc jdaced near the ; 

fio. 6. bottom and which can be i 

covered with a piece of linen | 
or flannel. A conical vessel is prefeialilc to a i 
cylindrical one, as the inasH adjuats itself more i 
itiadily to the vessel when any eliange of j 
volume occurs ; in a cylinder, if tho mass : 
swells on absorbing the solvent, it is apt to : 
become so tiglitly packed that the liquid cannot 
pass, or, if it contracts owing to tlie rernoVal of 
soluble constituents, it is more liable to form 
cracks and channels. A second perforated disc 
of linen or of iiaper pierced with holes is laid on - 
top of the substance to distribute the solvent 
uniformly. It is often advisable to damp the : 
powder with about half its volume of tho 


. vessel is placed undemoath to r^ive the solu* 

I tion, and the Bolvont is poured from time to time 
I on the top. A row of such percolators can be 
i arranged so that tho solution from the hist is 
I poured on to the next and so on along tho row, 
j by whicii plan tho liquid from tlie last will be a 
I strong solution, and the percolators that are 
^ uiore nearly exhausted will receive tho weaker 
^ md therefore more active liquids. I’his iB^a 
typical case of fhc {:ouT}tpr‘Current system. 

(jiai-s jieroolafors are also used consisting of 
an upper vessel to hold the substance and of a 
lower vessel lo oalch the solution. Tho 
upper \'CHSol i.s stoppered to prevent loss of 
abohol or ether vn}ioiir, Imt there must be a 
small aj)er{ure to allow air to enter in order to 
prudent a partial vacuum being formed. In 
(;xtra(5tiug some plant materials cold percolation 
is fouml jirelerab'e to hot extraction as tho 
dc.nired constituent is obtained with less troublo- 
soni(' and undesired substances accompanying it 
and so is easier to purify. 

Fur some jiurjxises, moi-e elaborat-o forms of 
aqueous extraction ajijiaratua are preferable. Of 
these tlie following is an examjilo :— 

Ilaimj (iitd ]{('i7ihurd’ii ajtpdiaina (Fig. 4).— 
This is designed for oxtnwding dyowoods, &c., by 
tlie action of fit-cam and water, i and b are two 
Mimilar vosiscls (a is hIiowii in section) which can 
bo made to n'volvo about the axes xy, ry, by 
moans of tlie gearing o, o. so aa to facilitato 
tilling ami ('inpt-ying. The axes are tubular and 
serve for conducting stcsani and water. In com- 
inuriication with the axifi x are two pines having 
taps a' and a ; one ascends and loaos into the 
upper part of the vcshcI, and the other descends, 
and, jiasfiing tlirnugh the liottom of tho vessel, 
loatls to a porforatetl pipe, p, which forms a 
ring underneath a perforated fake bottom, h. 

('Oininunicating with the axis y is a pipe which 
(Iciict'ndB and, following tho dotted lines, joins on 
to t.ho bark of tho threo-way tap 6. This tap fj 
commnnieafcoR with tho space l)enoath the fwse 
bottom and also with the air. Another throo- 
way tap, e, alTords raeans of communication be¬ 
tween the two axes y, y, and also with a pipe at 
the back indicated l>y tho circle of dots. The 
<!ovorH of A and n can readily be taken off and ^ 
fastened on again by the row of screws s, a, a, 
Tliesj! covers form tho condensing apparatus;'< 
insid(' they pcsscss one or more flat nocizoi^llli - 
coils U’, w, to which water enters through 
tube' and («eapcH through », and then flows 
over the whole lid, forming a layer on the top, 
and is thence conducted awav. e and / are 
openings for air and safety valves, and d, d, d 
are tajw for ascertaining the level of the liquid 
inside the vessel. 


solvent before pocking it into the percolator, : To work the ajjparatus a and b are filled 

otherwiao some portions may be found to have ' with tho substance to be extracted, and the 
escaped getting wet during the whole operation. I covers are fastened on. A suitable quantity of 
Cor© mast bo i^cn in pacing that the substaneo i hot water*ia introduced into a through the tap c, 
is throughout in as uniform st^to of com])ression placed in such a position that it glasses dgwrt 
08 po88iDle, or else the solvent will pass^ore the pipe t and through tho tap b into a. Steam 
fr^y through the loosely packed portions, is now passed in through the axis x, and throogh 
IHfferent substances require to be packed with the valve corresponding to a, and escapee through 
difierent degrees of tightness ; and when alcohol tho perforations of the pipe y, heating the water 
or ether are the solvents employed, the packing and the substance ana ascending to thn top, 
^ tighter than in the case of water, as they where it is condensed and flows as liquid back to 
do not cause such a swelling of the substance as the bottom again. The action is fai|her aocele- 
wator does. The conical vessel is supported in rated by opening the ralvf coTxespoading to 
a circular hole out in a table or wooden stand, a and passing steam in at the top of toe appawfeaf. 
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The firat few Boliitlons, wliit-h are utrong, are 
drawn off by tins Uvp b, tijrn the latenantl weaker 
onoH are forwjd by tlie prcHHuro of the ettfani into 
the vw»H(!l 11 . thr taps h atui «' being ])lac(‘(l ho oh 
to lead to that vi-mhc1. a in then emptied and 
ndillcfl with frenh tnaterial, and H is now worked 
in tlio Hunie way that' A woh. liy ])joi'e('ding in 
this way ulternal-ely m itli a and H, the laUT and 
wfakor Holutiojis frinu one veHnel come into c’<in- 
tact with frcHh material in tiu! other and bc^onu! 
strong,and thiLsc'conomy m evaporation tse(ft<ted 
(J>. Jl. J'. 18H1 ; and Dingl. iif»!y d. 1882, 

24(>, 22, a later form of that, in l>. Jb !’. 10771. 
1880 ; and Dmgl. jioIn. .1. ISKO. 228. 222). 

In tlH‘ lal)ora1.ory iimst' extiact.ion.^ an* made' 
with non-aciui'ouH Hoivi nlN, l)oi tliose of tanning 
materials are made with water. descrip¬ 


tions of the methods, sec the urtieh* on Leather ; 
and ^ifc Procter’s Leather Induatrios Lab. Book 
of Anal, and Exp. Methods, 1908. Other 
reference* are : Wollnv (Zeitsch. anal. Chem. 
1885, 24, oO): Koch fOingl. Poly. J. 1888, 2G7, 
515); vonSeliroe<ler(Zcit.sch. anal. (’hem. 18H(), 
25, 132); Loegh(J.8oc ('hem. Ind. 1899, 18,303), 
comparative rcsiilt.s M'lth various apparatuHOB ; 
Vciteh (.1. Anter. Ciiein. Sue. 1905, 27, 724; 
and 1900. 2H, 505), reeomniends using water 
in adaptations of Zulkowski’s or Soxhlet’fi 
; up])aratus ; P.ogers {ibid. 1900, 28, 194) ; 
1 W’llson (-}. Soe. (’luun. iml. 11)12, 31, 97) d<‘- 
[ sei'ibes a form m which rion-volatile solvents 
can be made to ciretilate o\er the material by 
I means of a vaeomn ]mmp ; Benson and 'I’h<)m]i- 
I son (.1 Irid. Eng, ('lumi. 1915, 7, V15). 



Solvents othki? than Watkii, 

When BolvcntiH oilier than wati'f are nserl 
it beooine« dcHirablc to avoid tlu* Ioms tlnil- w’oidil 
bo involved in pouiing olT the Kolvent- and 
proBsiug the rcKidue. and also to make a minimum 
of solvent do a maximum of dissolving ; various 
forms of apparatus liave Ikhui devised to attnm 
these ends, thi'nrinciple involved being to distil 
off thoaolvent from the solution and u.s<‘ ilov('r 
and over again, and most of t beform.s are arranged 
so M to work automal’iealJy uml to require but 
little attention. In gemual. they eon.sist of a' 
receiver in whieh Ihc solvent is boiled, and to 
which the solution of the oxtraeted constituents 
rotums, of an extraetion vessel in whieh the 
substaiico is placed, and of a tube or wpaee to 
condurt tho vapour to a condenser, whieh eool.s 
and returns tho liqucliod solv'ent to^ihe extrac¬ 
tion vcHsel. If this tube is made to pass outiido I 
the extraction vessel, tho cxtratition goes on 
in the cold, or nearly so; but if tho vapour 
encircle tho extraction vessel, or if the tube 
posses through the material, the solvent action 
IS increased Dy heat which may or may not bo 
desirable. 

There are three main plans on which they 
are etnutnicted, namely :— 

A. Percolation. ^ * 

B. Continuous infusion. In "this plan the 
■ubstance is always fftuneiscd in the solvent and 


HI moHt forms the solution leaves tho extraction 
vessel al the bottom, nses, and overilows back 
to tliu receiver. 

Intermiilent infusion. This jdan has the 
advantage of removing one lot of solution and 
Inuiging quit?' fri'sh solvent into contact with 
the siibstnnee from time to tinu^; since 1879 
it lias bei'ii brought' to a high degree of perfection 
by exi'hanging llie overflow tube of tlie second 
plan for a siphon, xvliich makes tlie action an 
automatio one. the improvement being due 
to Soxhlet and Szombatliy. 

The nuinlx'r of forms for laboratorj' use that 
have been dt'seribed in ehomieul journals, taking 
those for solids and liquids together, amounts 
to over 2(H). Some of them are triumphs of 
glo-ss-blowing, but promise to be very fragile and 
diflicult to clean, especially thiwe designed for 
extracting liquids. Difficulties have been met 
in various ways. If corks are used for making 
junctions, there is tho possibility of their 
yiclt^'ng matter tb tlie solvent, and a previous 
1 extraction with solv'ents may bo required, 
j which does not improve their qualities ; il lai^e, 
they have pores wnieh allow the escape of some 
of tho vapour. A covering of tinfoil is one 
remedy proposed, another is the use of chrome- 
gelatin recommended by Neumann (Ber. 1885, 
18, 3004). The cork is smeared with a pre¬ 
paration made by dissolving 4 parts of gel^in 
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in 52 of boiling wtiter, filtering, and adding i 
1 part of ammonium dichromate, and in then ' 
exposed to light for 2 days, which renders the 
mixture insoluble in water, ether, and benzeiio. 
Another alternative is to ust^ ground glass 
stoppers and joints, as in the apparatuses of 
Sanders, Jorwitz, von der lleide, and others ; 
these are apt to jam and break. A third plan 
is to om])ioy' Jiicrcury seals, an m Schwarz's 
apparatus, and in Kuorr’s. It is uuieh in favour 
in the United States. A simple way of making 
a meroury joint is given by Leather {J. Sue. 
Chem. Ind. 188!), 8, 81). AA’Iien niereury is us<r<l. 
all miniit(5 globultw of it must be earetully 
removed bidorc weighing a vessel, as their 
weight is eonsiderable. 

To j)rev(‘ut portions {»f the suhstauci- being 
washed into the re<eiver. it is olt-en neccssarv 
to enclose it in a cartridge of iiller jiapc'r, or 
in a holder of papi-r Nliajicd like a tlumhle ; 
sucli t'himl)l(!S an* now niamifactunsl f<'i' llie 
purpose'. Ihieelv (J. lini. Kng. (’lieui. l!H2, 4, 
3(K3) reeonimends a tlninhle madi* of alundum 
(that i-i baux'ite fused iii ani'Uictiu’ furnaci;) lired 
with some suitable <'eramie bwiding niatcnal, it 
can ]»e made lus porous as d<'sire<l. I'orlic's 
{ibid, r)44) finds thalr aliiiuliini v<'>sels alter a 
iittlo in weight by varying freatment. Alumi¬ 
nium eups perforated at the bottom lo liold the 
thimble or tho substance directly, have been 
described (Uichardsou and Sdicnibel, ■ibrl. 220 ; 
and Bersch, J. Soe. Uiiem. Ind 1001, USD). 

Various accesKory (h’viccs have Is’en added 
to tin* Soxhlet and otlicr forms . th(5 olijcct of 
some being to <liver(. at will the stream of eon- 
doused solvent from returning to the receiver 
and to collect it ajiart. In this wuiy, al tlui end 
of an extiai tion, tiu' sol^•('llt' can b(' distilled 
olT and recovered without (liseciniiccting the 
apparatus. Such are those ol Shiuistune (dhem. 
Soc. Trans. 1883. 43, 123): Wollny (Zeitsch. 
anal. Uhem. 1885, 24, 43) ; Fre,st'nms-01h']ihach 
(Zeitseh. angew. Oheni. ISOfi, 48.5); Uliatelan 
(Chem. Zelt. 1!>01, 25, bl2); van Leeuwen 
{ibid. 1307, 31, 350); R. von der Heide {ibid. 

1011, 35, 531); FriodneliB (J. Amor. Chem. 
Soc. 1!)12, 34. 150!); and Zeitijcli.«ange.w. Climii. 

1012, 25, 220S). Further, a tap can uc attached 

oitlu'r to the bottom of the extraction vessel, 
or somewhere on tim tubes, so tliat some of tlie 
solution can be drawn off for testing, as described 
by liewkowitsch {('hem. Soe. Trans. 1880, 55, 
350); I.,and8iedl {(!hem. Zoit. 1002, 2(i, 

274); Stein 1000, 33, 1115); Taurke 

1012, 3t), 214); Schmid {ibid. 1249). In 
order to lead ether down from the end of the 
condenser to the substance. Bam {J. Ind. Eng. 
Chem. 1910, 2, 4.55) employs a silk cord with a 
gloss bob at tho end ; sealed in this bob is a 
piece of iron wire, so that by means of a magnet 
it can be drawn to tho si^ to wash particles 
down. It is sometimes advantageous to attach 
a calcium chloride drying t^ibe at the top of 
the condenser to prevent the ether absifrbing 
M'ater. 

Below are given descriptions of well-known 
or typical apparatuses, and also rcfcrcncefi to 
other forms tnat have been described. Appa¬ 
ratuses suitable for tho laboratory are taken 
first, and are, for the most part, grouped on the 
classification given above, then follow some 
examples of manufactorieg plant. 
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A. PercoUUion /'omw. 

Zalkowitki'a appamlus (Fig. 6).—^Tho sub¬ 
stance is plocedinthe extraction vessel k, and is 
supported by a plug of cotton wool, p. The 
vapour of the solvent, as it boils off from the 
j fiask u, passes upwards through the side tube t, 

I which is fused on to E, and then passes through 
i tho adajitor c to a condenser. The condensed 
! iiouid flows back and pcrcolaU'-s through the 
substance in k, and drops again into R (iijeitseh. 
anal. (Jhciu. 1873, 12, 303). 

Maly (Aniialcn, 1875, 175. 80), Wolfbauor 
(Bor. der VerHuchsHtatioiK'n, Wien, 1878, 1), 
Weigi'lt (Hepertoriuin ilor anal. Uhem. 1881, 1, 
7), and l‘3uckiger (Zeitsch. anal. Chem. 1882, 21, 
407) liavc' described apparatuses which iweniblo 
or ('Isi! arc niodillcations of that of Zulkowski. 

]>r(.vh»ti\H (iff^iratiis (Fig. 0).—A folded tilU^r, 
liavmg double tlie usual numluT of folds, so that 
it may fit well to the sides of tlu' vessel, is placed 
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in th(' glass globe k, and on this paper the silb- 
Ntauce (>o be extracted is put, Tho solvent is 
placed in the flask K, which has a tube t fused 
into its side ; on warming u tho vapour ascending 
througli I and through the tube m, which is held 
in contact with I by a cork and is fused on to 
tho ghiss apparatus o, passes on. to a reflux 
condenser l onneided wit h c by tho tube r. The 
condensed liquid flows back into o, and is led by 
the lube n into the globe e where it falls on the 
substance, and after having percolated through 
it returns to ii again (.L pr. Chem. 1877, 123, 
350). 

Wcyl’s apparatus (Zcitochrift fiir Instrumcn- 
tenkunde, 1885, 5, 12(5) is an arrangement like 
Dreclisers, hut by'the employment of mercury 
joints an ordinary funnel can be used instead of 
tho glass globe e. 

Gwigguer’s apparatus (Zoitsch. angew. Chem. 
1902, 15, 882) consists of a vessel in which a 
funnel with the filter paper in position can be 
placed and tho substance on tho filter extracted 
by a volatile solvent. The vapour of the solvent 
ris(« between tho funnel ana the outer vessel, 
and when condensed drops from a riim of pointo 
on to tbo#Mlge of tho filter paper. It is useful 
for extracting sulphur from precipitates |^nd in 
other onaly^cal operations. 

ToUene^ ayparaius (Fig. 7).—This is an im« 
rovement on an earlier foi^Q which was d escBbed 
y^TolIons (Zeitsch. anal. Chem. 1875, ip|§Bj^ 
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JSXTRAt/flOK APi’ARA'l’Ua. 


The BubeUnce ie pieced in U.c inner tube i, which ^ Wthy , apparatus 

iuliuhtlv conlrJcted at the bottom-/, and then j pact apparatus used in the United States it 
“pleffit iXa rim over wliicb a piece of filter I avoids all corks and joints. It eonsisto of a 
pttocr in Licil. Tliin tube- i jh })lacod m a wider ' 
tube E, and resits on a bit of bout glttSH rod at/, ■ 
whicli prevfinth it from (dosing the ajHirturo into ; 
tfie narrowci' part /. Tlio neck t ia fitted bv i 
uioaiiH of a cork iidn a fUwk containing the hoI- 
vent, tlio vapour of which hhcoikIh through the 
space betwei^n i and E, and tli(!n through c tie* 
condciiHt’r. Tlie (“onduusi'd liquid duq/H into J, 
and after jatrcolaluig thiough the HubtstaiU'C 

E ia through the lilter pa|icr and back into tlio 
again (^eitncli. anal. Clu'tii. 1H7K, 17, .120). 

A form, liavnig an extraction tube witli a 
pointed lowei cxtrciuitv, described by Dun.stan 
and Short (I’hann. .1. bSSll, [31 13, 003). 

Schulze and \on itampachV ajinaTiitus 
roeoiubloM Toliens’, witli tlic cxcejition that tlu' 
inner luhc' i, in wlucli the Milistancc is placed. 
jiOHHWj through and is la id m its jilucc by t!i<' 
cork at the Uqi of the outer luhe E 'I’lic iiinci 
tiihc. 1 iH c.onn<'cl(Mi witb a eondcuser, and is 
jM'rforatod juHt heiow the cork wif li one or mmuc 
holes through which tfic vanour ])a.s,ses up ti' the 
condetuscr (Zoitsch. anal. (wun. JH78, 17, 171). 

Soheiblor's hst ajiparatus (J) Jh 1'- 3.773, 

!K78, and 7453, 1870 ; Dingl. poly. d. 1870. 234, 

128), and also those of VVestdCnights (The 
Anal^’st, 1883, 8, 0.7) and of Hensemaiin {Ki'Ikt- 
tenum d(T analytiHchen Chcniie, 1880, 0, 3'.l0) 
diller but little from S(‘luil’/.e and von Jlampacli's. 

Knorr't( apjxndhiM (Kig. 8).-—'I’iiis )s mucb 
used in the United State.s, and wa>( pubhslu'd 
by the Association ol Oilicial Agru'ultunil 
ChomislH. Iti avoids the usj* of coi'ks and 
ground gloss jointH. u is a littli' flask made hy 
softening the glass round ahont the neck of an 
ordinary flask ami ptf'ssing flie neck in so as to 
form a little dojiression. llwling on this neck 
by small projections p, tlicro is jibwed ('ither a 
tube B, with an internal sifdion, or a .suuph! 
percolating tube, ending below in a i»oint, and 
Laving a perforated platinum di.so sealed m 
near the point to support the substance. A 
long covering t.iibo o (sliown on half the scale of 
K and b) comes down over the percolator or 
eiphoa tube and fits into tlie dojircxsion m u 
the junction being mmlo light by a little inor- 
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large lest-tuiio closod by the brass plate p, 
which has a ground undersuidaco resting on the 
ground cdg(« of the test tube. Attached to f 
IS the iiioUilhc condenser v, mado of four .sections, 
each formed of two eoiU'S laatenod base to baiie ; 
tlie cross plates shown ai’e circular and direct 
the curri'tit of water against the aides. The 
substance resting on asbestos is contained in tbu 
crucible B, wliieli Jins a removable jxirforated 
bottom, and liangs from books at the bottom 
of the eorKleii.s(;r. The extract can either be 
collected and w’cigliecl in the. tost tube; or a 
little flask u. with a funnel f above it, can be 
used; in the lattm' case a little mercury is put 
m to fill the space bt'twceii Ji and tho test tube, 
'riic solvent is iutruduced hy means of a Binall 
f unnel through tho tube q, which is closed when 
tlie solvent lio-s boded fOr a short time and has 
driven out tho air (J. Anal, and App. Cliem. 
1893, 7, 05). Tho apparatus, and a way of 


oury. B is held in position by an indiarublx'r , arranging it in batteries, is given in Wiley’s 
band poasing underneath it, and attached to the Prince, and Pract. of Agric. Anal. 1914, 3, 70. 
two projections 7 , <?. on the covering tube. The The blowing are some other small ap^- 


latter is attaohod by fusion to the coiidt'nBor, 
and tho indiarubber stopper of tho condenser 
is either put on before the fusion, or else is slit 
half wav through, so that it^can be jmt on later, 
a is a little siphon to remove any solvent that 
may collect between the cover and the flask 
neck. . At the. end of the extraction by meiins of 


mt.usos : Weat-Knighto (Analyst, 1883, 8, 06); 
Thomas and Dugan (J. Amer. Chem. Soc. 1905, 
27, 293), for removing bitumen from asphaltic 
mixtures ; Jackson and Zanetti (Amer. Chem. J. 
1907, 38, 401), a little percolating tube is placed 
in tho flask of solvent and under the end of the 
condenser; Clacher (Analyst, 1910, 36, 349); 


an adapter fitting into the ineroury joint tho Ford (J. Amer. (^hem. Soc. 1912, 34, 662)} 
solvent can be distilled off and .recovered Richardson and SohoruM (J. Tnd._Er^. Ch^_. 


(U.S.A. Dept. Agrio. Chem. Division Bull. 28, 
1890, 90; and Wiley’s Prinos. and Prac. of 
Agrio. Anal. Vol. 3). 

Variations of Knorr’s form are given by 
Carr (J. Ame^. Chem. Soc, 1894, 10, 868), 
Wheeler and Hartwell (»6uf, lOOlt 23, 338), 
Fniqft.(Amer. Ohom. J. 1907, 37, 86), Dubois and 
Robison (J. Amer. Chem. Soo. 19fl8, 30, 797), 


1912, 4, 220); Cory-Curr and Cottle {%b*d. 
535 and 856), f«rr tcstiifc rubber oompoonds 
used^on wires ; Walker ana Bailey {ibid. 1914, 6, 
497); Stokes (Anal^^t, 1914, 39, 295); Besson 
(Chem. Zoit. 1916, 39, 860). 

One disadvantage in tho poroolation appara¬ 
tus is that the*drop8 from the condenser uways 
fall on nearly the same spot of the surface of 


8y (J. Ind,.*Bna. Chem. 1909, 1, 314), Ames and | the substance, so that some portions do not get 
Bom (X Ameff. Chem. Soo. 1900, 31, 947),; such a good chance d ratract^ m o&m 
Fianris (X Ind. Eng. Chem. 1911.3,673). To remedy this, Barbier {J. PhamL Chun. 1878, 
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EXTEACmON 

[4] 27, 200) employed an apparatus in which a ; 
siphon in a vessel above the percolator poim a j 
considerable volume of the solvent from time to | 
time on the substance, so that the''Burface of tbo ' 
latter boeomes covered with a layer of liquid. 
The apparatuses of Gu6rin (J. Pharm. China. 
1870, [4] 30, 511), Stockbridge (Chem. Centr. 
1886, [3] 10, 280), and of WoUny are others that 
adopt this plan, and that of the laat-montioned 
is given below as a type of the class. 

Wollny*s apparaiiLS (Fig. 10).—This consists 
of a receiving llosk E to contain the solvent, and 
two Other pioces shown in section in the figure. 
These bits are united together by tljo mercury 
joints </, 6, c, d, which are provided wdth small 
tubes to permit of their iH'iiij#emptied without 
tilting the ajiparutuH. The toj) joint d eonneet.'H 
the apparatus with the contiensi^r. The sub- 
stanoe to bo extruotod is placed m the tub<i E ; 
it should be c-ontained in a cartridge of lilter- 
paper so as to allow the vapour of the solvent 
to pass. The vapour asceiulH tlu^ tube p, and 
then passes downwards tlirough », heating tlie 
substance on its way, into the sjiaco r, wbenee 
it ojicapoH up the tube t to the condenser. Tin* 
condensed liquid collects in the vessel v, and 
is siphoned on from time to time by the tube 
thus ensuring the complete extraction of the 
substance. The solution returns through r and 
tlie long-tube q to tbo liask again. In oases 
whore boiling tlie solution injures the dissolved 
constituents, vapour of the solvent can he 
introduced tlirough the sid<' tube r from another 
veflsol of solvent h(*al<‘d sojjurtvtc'ly, and the 
tlaak E can bi? l(‘ft cold (Xeitseh. anal. Ohem. 
1885, 24, 48). Heleeter (d. Ind. Kng. (Uiem. 
U115, 7, 871) de-scnlnw a modernised form on the 
same plan and less complicated than the above. | 

Von liibra (von Gorup-Besane/.’s Anleitung ' 
zur zoo-chevn. Analyse, 1850, 353) and llolfmann j 
(Zeitbcli. anal. Ohem. 1807, 0, 370), by altoniately j 
heating and cooling the receiving ilusk, make the • 
solvent pass through the substance. Gawa- ; 
lowaki (Zcitscli. emal. Cliem. 1883, 22, 528) , 
provides a tap on the side tube up wliicli tbo 
vapour osccnos, in a form like ZulKowski's ; if 
this is closed from tinjc to time, and tlio soujeo 
of heat is removed, tho contraction in the flask 
sucks the liquid back through the substance. 
He also employs uiulemcath an arrangement 
like Hrechael’s, whereby perfect filtration is 
attained. . 

Mohr’s apparatus '(Molir’s Lehrbuch der 
Ph&rm. Tochnik, 1847, 108) is an early form 
often referred to in older cbomical literature ; 
it employs a Woulfe’s bottle with metal vessels 
above. Other old forms are those of Paven 
(Ann. Chim. 1845, f3] 13, 69); Schloesing 
(««^1847, [31 19, 239); Kopp(Comptes rondus 
des^ravaux do Chimie par Laurent et Gerhardt, 
1849, 5, 305); Arnaudon (II Nuovo Cimento, 
1868, 8, 200); Jacobi (Bingl. poly. J. 1862, 
164, 343); and S^roh (Zeitsch. anal. Chem. 
1868, 7, 68), who oonstmefe a simple form by 
placing the substance in a broken retort beak 
and embedding a tnbe in it through which the 
vapour of the solvent ascends to the condenser. 

References to other authors who have de¬ 
scribed fonub of percolation apparatus are: 
Vohl (Dingl. poly. J. 1871, 200, 236), for oil 
seeds; Gerber (M. 1876, 9, 656), for milk 
analysis; CaKenenve and CUUol (J. Pham. 
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Ohim. 1877, [4] 26. 266)Tschl^owitc (Zeiteoh. 
anal. Chem. 1879, 18, 441); Biechele ^orre- 
spondonz-Blatt dee Vereios uialytisober Cbemi- 
ker, 2, 70); Wolff (ibid, 91); Guichard and 
Bamoiseau (Repertoire de Pharmaoie, 1880, 8, 
97); Gantter (Bingl. poly. J. 1880, 236, 221)j 
Medicos (Zeitsch. anal. Chem. 1880, 19, 163); 
Thorn (B. R. P. 14623, 1880, and Bingl. poly. J. 

1882, 243, 248; and with later improvements, 
B. R. P. 18850, 1881, and Bingl. poly. J. 1882, 
24C,e 374); Bunstan and Short (Pharm. J. 

1883, [3] 13, 003); Krouslor (Chem. Zeit. 1884, 
H, 1323); Thresh (Pharra. J. 1884, [3] 16, 281); 
Will {ibid. 303); Waite {ibid. 370); Johnson 
(Chem. Nows, 1885, 62, 39 and 82); Foerster 
(Zcsitsch. Anal. Chem. 1888, 27, 30 and 173); 
Nouhaucr (J)iiigh poly. .1. 1888, 207, 613 ; 
Borntro]) (Zeitscli. angow. (3iera. 1902, 16, 121), 
for bread analysis ; Lohinann (Chem. Zeit. J905, 
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29, 3()5); Pcftcheok (Zoitseli. angow. Chem. 1906, 
19, 1513); Record (Chem. New.s, 1908, 97, 280); 
Gobhard and Thomjwon {ibid. 1909, 99, 124) ; 
Prager (Zoitsch. ofTcntl. ('hein. 1909, 15, 396); 
Kocii and Can- (J. Amor. Chem. Soc. 1909, 31, 
1341); (Arboiten Pharm. Inst. Univ. 

Berlin, PK)9, 7, 289); Bomemann (Chom. Zeit. 
1914, 38. 833), for fine powders, such as asphalt 
meal; Grilhths-Jones {Analyst, 1919, 44, 46), 
ihe tul>o up which tho vapour ascends passes 
from tho cork of ihe receiver up above the 
condenser, then bends over and passes down 
inside the cundeqper to the level of the water 
intake, the extraction thimble is attached to 
the condenser and is inside the receiver. 

B. Continuous Infusion Forms, 
Schiiihler'B 2nd apparatus (Fig. 11).—^Aa the 
first apparatus could not bo constructed wider 
to hold large quantities without danger of ihe 
solvent percolating iu one chanom through 
I the substance, and leaving part^ uneztraoted, 
I Scheibler designed a modification involving eon* 
\ tinuous ^infusion with an overflow. The ap- 
I paratns (shown in section in the figure)^ made 
! of metal, •and the substance is plaoM in the 
I innennoBt tbbe g, which is closed «t Hie bottom 
with a piece of wire gauib with a layer of eoHon 
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wool, P, abovo ib. Thin bubo slightly widens 
at the top and is ground into Iho lop of the outer 
vessel HO as to Ik‘ rcTnovable. The outer vossol 
is compoMod of two tuboB which are permanently 
united at the ni.^ k a ; the ontwide one ends below 
in u funnel winch fits into tlio vessel of solvent; 
th<« initcr one is closed Ixdow, tho bottom being 
Innit np jis shown ; it has two rows of perfora- 
tiftns ill il near the top. Tlie innermost tube has 
{)□<' row of pcrfiirationH just below the neck. The 
vap(»urpaMsoH up the outer space and through the 
porft»ration.H to a eondensor fitted to tlx* neek of 
the innermost- tulie, tlu- condensed li(jiiid drops 
on to tihe sulwiarn'e, d(!H(;ends llirongh it, tlu'ii 
l)H.BseH up the space ln'twi'cn ic and the next 
tuUs *^>^d overllowK Ihrouyli the lower tow of 
IKArforations and so back into the ves.s('l of 
Solvent again (D. Jt. L’. !MHl. I87b). 

lleinjierH ajiparatus (Cheni. /eit. 1887, 11, 
9lhi) is also an overilow a]){)aratiiis, but is so 
an’angod tliat tbe sul>stanee is pluriid in tiu’ 
outeide vessi-l and th(‘ liipiid uses and OM'rliowH, 
and tlic vapour asceinls througli tuliex in tl«e 
centre. 

Hudde (J. Sue. (them. hid. llM-1. Itih 184) 
found that, when using heavy solvents to 
extraet waxes or fats the solution ih lighter than 
the solvent, and floats on the laitei. He got 
over tlie dillieulty by meaiiH of a tube soniethmg 
like k' in Voder's apjiaratus (Ihg. llH), but in 
whieh the narrow sule lube exteiidH right \in 
to the eondensi'i* aiiil i-nds there in a funnel. 
Jri this way thi' column of hcav> solvent in tho 
aide tube forces t-be light solution to overflow 
from till* lop of th(' wide piuti of n* in w’liich the 
Bubdtanoo is ])Ut.. (la.s])ari (t/juf. hiill, 32, 1042) 
d(JHcribc8 an a]iparutus for separating t he peetouB 
part of indiarublh-r by petroleum-ctliur; it w’ould 
also meet Uiiddo’s dinicuUy. 

Schcibkr'n 3rd opjHirutus (Fig. 12),—Tliis 



was used in isolating vanillin from raw beetroot 
sugar. The subetaneo to be extracted is placed 
in the ^•cs«el s (an elutriating vwscl such as is 
used in the inochanical amdysis of soils) and j 
rests on a plug of cott-on wool b. The solvent is 
poured on to it, until sonus escapes from the 
tube ( into the flask n whicli is placed on a 
water-bath. The vapour of the sUvent is 
conducted by the tube p back into e. whenw it 
passes through c to a reflux condenser. Tho 
condensed Uffuid flows book throuj^h c on to the 
substance in s, thus osKsing a constant overflow 
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of liquid from the end of t, carrying with it the 
soluble constituents of tho substance, which thus 
accumulate in r (Ber. 1880, 13, 338fl). 

References to other continuous infusion ap¬ 
paratuses arc: Wynter Blyth (Cbem. Soc. 
Trans. 1880, 37, 140); Johnstone (The Analyst, 
1885, 10, 81); Stoddart {ibid. 108); Schmidt 
and Hanisch (D. B. P. 42753, 1887 ; and Dingl. 
poly. J. 1888, 2()8, 504); (lockcl (Zcitsch. angew. 
Ohem. 1897. 083); liOndHiodl (Chem. Zoit. 1902, 
20, 274) for use. witli solvents of cither high or 
low boiling-point; Warren ((3iem. News, 1900, 
93, 228), used in iridiarubbcr woiks; Hahn 
{(’hem. Zeit. 1013,37, 880); Pinkus (Biochem. 

I Zciteeh. 1914, ()0, 311). 

1 • 

('. Ivimmilcnl Injiiawn Forms, 

■ Auhl and ]*irklFa apjxtiatvs (Fig. 13).—The 
: Bulwtance to bo extracted is placed, together 
' with the Kolvcnt, in the large bolt-head flask b, 
wliich i.H heated in a water-bath. The vapour 
, [lassc'S up tlie wide tube i>, which is provided with 
I a wnlo bore *tap c, and is cooleil by a reflux 
' eondeiiscr attached to tlie top. s is a long tube 
I emiing' in k in a smail tln.stlo funnel packed with 
I cotton \vo<<l and covered with fine niuslm or 
I cotton cloth ; the olher end of s passes into the 
I rt'ceiving fliLsk ii. A fairly wide tube, (, passes 
j from till' tulie o at a point above the tap down 
j into the receiving llaHl; R. Will'll the Molvent has 
become naturat-ed, the lap C is closed for a 
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monicnf-, the jiresMue. of the vapour then drives 
the solution through the cotton wool, and fills 
; the tubi' tt, which now acts as a siphon. Thb 
: solvent is now boiled ofl from k, and passing up t 
t IS condonsod and rotumod to e. Tho operation 
i is repeated until the extraction is complete. With 
I Home solvents, a joint of wide indiarubber 
tubing can be used instead of tho tap o, the 
tubing lieing pinched when it is desired to fill 
the siphon (Cficm. News, Jl)09, 99, 242). The 
authop find that if^hc tube i) is eontinuod down 
into the flask e to a level a little above the 
thistle funnel, and is given a somewhat flanged 
termination, the apparatus will work auto- 
inaticallj>-. When vapour is boiled off from &, 
it collects in i>, forming a small column, which, 
when it has reached a certain height, forces tho 
liquid into the siphon, which then empties a, 
and the process is repeated. 
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Sohwaenier (J. Pliarm. Cbim. 1853, [3] 24, 
134), Schiel (Annalen, 1858, 105, 267), and 
Simon (Zeitsoh. anal. ('horn. 1873, 12, 179) have 
also deecribod apparatuHce in which the pressure 
of heated vapour is iwed to force the solution 
from one vessel to another. 

Reforoncos to other apparatuses of the inCer- 
mittent infusion group are : Uaubrawa (Viertel- 
jahrschrift fur practische Pharmoeio, 1850, 8, 
36) ; Floury (J. Pharni. ('him. 1862, |3I 41, 2vS2); 
Barlow (Chem. News, 1888, 57, 5(>). 

Sozidet and Idzombathy's apimralus (Fig. 14). 
—This was the lirst apjiaratus to introducf tlie , 
use of tho sij)hon to effect automatic inter- | 
mittent mfu-sion. Tiic Hu{)St an(‘o to be exlracled, j 
contained in a cartridge of iilttir pap(;f, ih placed [ 
in the wide tube E, at tlio bottom of wfiicli a ; 
tube, n, bent so as to form a sijihon. is fusi'd on. | 
Another tube, k, not’ ijuiti' so wide iis e, is fused j 
on to the bottom of tlie latUT, without, however, : 
opening mlo it. Tin; tlown lube of t.lie siplion ; 
H posses Uiroiigli the side of s, and is sealed,m | 
by fusion. A reilux coiKhmscT is .lilted to the i 
top of K, and the tube \ is lived hy a eojk into a 
vcvHsel of tlu‘ Kolv(*nl. (.)n lanling the solvent, 
tho vapour fv^cends thrmigii n and t hrough t!u' 
sidb tube f.wlueli is sealed into botli n and n.and 
reaches tho condenser, wlieru'o tlie eondonsed 
liquid drops baek into E and accumulates untal 
it riBOH to the level of the toj) of tlie sipiuui s, 
when the siplion flows and emptios tlie liquid 
contents of e into the vi'ssel bermath; e Llien , 
fillEi again, and il>i liquid contents are .siphoned : 
off every time the level roaolies the top of tho 
siplion tube. IMie toj) of tho cartridgo should ; 
1)0 below tho level of the top of tlie siphon, ho ' 
tliat It may l)o eomplctely irnmorsod in the ' 
solvent, and it should rost on a plug of glass ! 
wool or stri]) of nudal bimt into a ring so that ' 
tho uiiening to the siphon may not be closed i 
(Dingl. poly. J. 1879, 232, 461). | 

Soxhiot and Szombathy’s ])lan is now very j 
widely adopted, and many variations of it have j 
been cleviHod. Lowkowitsoli (l‘hein. Soo. Trans. ! 
1889, 65, 359) atf-aehes a taj) to the siplion juat i 
before it enters the tube N in Kig. 14, so that a i 
little of tho solution can bo draH'n of! to test the 
rogrosB of th(' extraction. 'I’Tio Riphnii may 
0 placed between the extraction vchhcI e and 
an outer vessel or iaside the extraction vessel; 
tho risk of breakogo is thus diminished, and tho 
material and solvent are waruio[l by the ascend¬ 
ing vapour. The following ai-o referencoe 
and descriptions of various forms having tho 
siphon all, or mostly, in the air: WoUny 
(kitsch, anal. Chem. 1885, 24, 51); Bocss* 
neck’s 2nd apparatus (Chem. Zeit. 1890, 14, 
870); (Christ Kob & Co. [ibid. 1901, 25, 379). 
a form having a juirforated glass plate fused 
in position just above the place where the siphon 
is attached to B in Fig. 14; Landsiedl (Chem. 
Zeitu 1902, 26, 274) forms with movable interior 
vessels ; Silberrad (Chem. News, 1911, 104, 54), 
like Fig. 1 J, but the maffi tube b rises very 
high and contains a pendent condenser ;TKardos 
and Schiller (Chem. Zeit. 1913, 37, 920), for 
powdery materials, the solvent drops into a 
central tube full of holes and covered with cloth 
and embedded in tho powder, whence it passes 
into the powder; Freond {ibid. 1914, 38, 802), 
a olever lorm easily made from common appa- 
catos. 


Olausniztr and WcHny'a appamiiis (Fig. 16). 
—In this, the bottom of the inner tube B is 
drawn out, and to it a siphon tube is sealed on, 
as shown in the figure. The tube E and its 
siphon fit loosely into an outer tube, t, which is 
fitted into a vessel of the solvent below and leads 
to a condenser above. Tho substance to be 
extracted is placed in b, and tho mode of working 
IS similar to that of tho previous apparatus, 
Tho vapour passing uj) in the space botwoen 
I JO- and T maintains tlio aubstanco and the solvent 
at a temporatun; ajiproaching tho boiling-point 
of the latter (Zoit.sch. anal. Chom. 1881, 20, 81). 

An objection to this form raised by Wollny 
is that OH the siphon is in tho hot vapour the 
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solvent in it may boil and hinder tho siphoning 
action, and ho describes forms in which tho 
substance is licated yet tho siphon is cool 
(Zeitsch. anal. (’horn. 1885, 24. 48). When the 
solvent is a mixture of liquids of different 
boiling-points, such as ijctroleum-ethcr, the 
more volatile portions tend to collect and boil 
in tho extraction voshcI, while the siphon is 
sujierheated by tho vapourw of the high boiling 
portions and docs not act (Ford, J. Amer. Cbtm. 
Soo. 1912, 34, 552). 

■Frufiling'n apparalun (Fig. 16).—A oyn&- 
drical tube, K, resembling a tube for d^ioi 
I (iltcrs, is open at tho bottom, but a little abovl 
I the bottom it is closed by a (conical diaphragm, 
I through the apex of which passes tho longer leg 
1 of a little Kiphon^ which is thus held in position 
■ in E ; it lies eloso to the side. This tube contains 
I tho material to be extracted, held in filter paper. 

The end of the siphon does not quite reacli to 
: the bottom of B, so that e can. be placed upright 
j on th^ balance pan, and weighed; it can be 
; cloHod with a ground-in stopper during wei^hin^. 

: B )H slipjjed into the outer tube T, which is 
closed by a light hollow glass stopper through 
which runs the tube of the condenser. Tne 
vapour of the solvent posses up the side tube 
is condensed, and the liquid when siphoned 
from B returns down the narrow tute in the 
interior <d k (Zeitsch. angew. Chem. iSw, 242). 
Somewhat'similar is an arroog^ent at 
(J. Ind. Eng. Chem. 1940, 2, 45(!^, be uses as a 
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r uolfttor a little weighing bottle which can I siphon of this form to make a capacious ap- 
closod by ground-on cups at each end; in I paratus. 
one end is a snort movable gloas inset carrying 1 In Jerwitz’s apparatus and in Sanden’s 
a stretched iiiter-pa])er on which the substance | apparatus, the dilheulty of the cork is avoided 
rests. j by causing the condensed solvent to enter the 

The feature of having tlie siphon inside the i extraction vessel at the side instead of at the 
apparatus is adopted in the following forms ; I top; a light gloss stopper can then be used to 
Blount (Analyst, IHH8, l.'l, 126); Presenius- j close the top of the extraction vessel, and the 
Otfenboch (Zcilsch. angew. (.’hem. ISIK). 4Hr>);! material undergoing extraction can easily be 
Hinnhold (Clhem. Zeit. 15)01, 25, 42tl); in this ; romovod when extraction is complete, and fresh 
the va|j«>ur pussies uji a tulK- in the <'cnfi» nf«.a ! rriotonal introduced without disconnecting the 
globular extraction vchhoI tenninaling below in ! condeiiHor. 
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solution into the receiving flaal^ and continues , 
to work intermittently as m similar apparatuaes. | 
When the extraction is complete, the tap c is i 
opened and the solvent is collect^ at the end 1 
of the tube t. If tho tap b is left open during ' 
the operation, continuous percolation instead of 
intermittent infusion is ejected. In a simpler ! 
form, the tap b and the cross connection between 
the legs of the siphon are absent. The appara¬ 
tus can bo made on a large scale of tinned 
copper, the extracting vessel having the 
capacity of one litre (CTiem. Soc. I’roc. 1910, 

26, 227). 

When oil seed is crashed for analysis Hdinu 
of the oil Ls lost in theniachinc. .Max Lehmann 
(Chem. Zeit. 1894, IS, 412), to meet thodilliculty, 
designeil a ven- small mill in which 5 grams can 
be crushed, and then tho. lower part of it con¬ 
taining the meal <'an be put in a Soxhiet for 
extraction. Another uneominon apparatus is 
that of C, Lehmann (Pfliigors Arcliiv Physiol. 
1903, 97, 4l9 and UOfi) for extrae.ting the fat 
from animal yea^it, &e. f it is com¬ 

posed of a bottle with stoppered moutlis at top 
and bottom, in which the substance is ])laeed, 
together with the solvent and a number of 
porcelain balls. This is rotated in a, motor, and 
IS then made to form part of a Soxhiet apparatus. 

Limjv Fmim. 

Ap])aratuscM designed to d<^al with neviTal 
pounds of substance arc (l(scribed bv : Thorpe 
and Robinson (C-hem. Soo. Trans. 18‘.K), h?, 41). 
to hold 14 lbs. of bark ; lluss (Ohem. Zeit. 1})03, 

27, 813), for tho hot oxtraetion of several kilo¬ 
grams: Jackson and (3urko (Arner. Chem. J. 
1909, 42, 287), for IS kiloi’rains of turmeric; 

bert-s \ibiil. 1910, 43, 418), a battery of cells 
BCfie.*! (or charge's of 3 kilograms of com 
meal; Halle (Bioohem. Zeitsch. 1911, «'ki. 245), 
to hold 2 kilograms; Schmidt (J. Ind. Kng. 
Ohem. 1010. 8, 105). to remove fat from Koveral 
pounds; McNair {ihid. 838), it resomblos a 
Wiley’s ap])aratuB (h^g. 9) made on a very lai-go 
scale, with a bucket in })laee of the erueible; 
Schwalbe and Schulz ((bem. Zeit. lt)18, 42,194), 
for 4 to 0 litres of materia!. ^ 

Mannjaciuring Forim. 

Roth'9 apj)aratuf< (Figs. 20 and 21).—This 
is employed for extracting oil from seeds by 
means of carbon disulphide.-,The solvent is 
stored in a reservoir, which is kept immersed in 
water to check evaporation. A pipe frpm an 
elevated water reservoir enters at the top of the 
carbon disulpliide reservoir, and another pipe 
communicating with the extractor passes 
through the top of the reservoir and descends 
nearly to the bottom; so that when the tap of 
the water pipe is opened, the carbon disulpnide 
* is forced into tho extractor. The latter is a 
cylindrical vessel, shown in section in Fig. 20; 
It is provided with a perforated false bottom, r, 
supported by struts o, o. The false bot^in v is 
oovared with sackcloth, and on it tho ground 
seed or oil cake is placed and filled in up to 
anothw poxiorated plate, j, also covered with 
sackcloth. The top of the extn^tor is fastened 
on with screw clamps so as to be readily re¬ 
movable. At the bottpom is a T-piecc, com- 
munioating hy the opening b with the carbon 
disulphide nservolr and, the bfanoh o, with 
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a steam boiler. When tilted and closed, owrbon 
disulphide is forced in through B, and when it 
has oiasolved the oil, fresh carbon disulphide is 
forced in at B, causing the firet^oharge to over¬ 
flow down the pipe L, tho entrance to which 
is protected witli a strainer, and to pass to the 
distilling apparatus. A gauge, Q, shows the 



level of the lupiid, and also allows Hamplcs to 
he drawn. 'Hie matoriul is treated some throe 
times or so with the fresli solvent until a sample 
taken at Q is founrl to Ur free from oil; hall of 
the luat eliiu'ge is then conducted through the 



tap E, and a pipe connected with it to another 
similar extractor, and the other half is returned 
to the i&rbon disulphide reservoir. In order to 
reoovor the last portions of solvent to 

the material, the valve n is opened and rtwiin ii 
sent in tiitDugh o; the carbon ydisnlj^dde is 
thus boiled off and passes through v to » 
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coodatutcr. Whuiiall carbon <liHul])hidu iH driven 
off, the iapti u. and n arc uponod; the former 
allowH the Hteaiii to eticaxH) and the latter allows 
the condensed water to run off. The cover is 
then roniove<i and the extractor w emptied and 
refilled wjtii fresh material. 

The distilling a[)[)aratus, shown in section in 
Fig. 21, iH a <^)'Ijndrieal vessel, into which the 
Holiition ol oil is introduced through th(5 taj) k 
and pipe attaehird which descends nearly to the 
bottom. The vassel is half filic^d with hquid, 
the level being oscjeriainod by th(5 gaiigtw, r, v. 
At the bottom of tiie ve-snel are two stcain coils : 
the lower one is peiforatcd witli a miniber of 
small boles and is fed liy the tap ii; tlie Ufipcr 
one is not perforated, iwid ih fc.-d hv the tap .i, 
and th(' eondensed wal.ei froiiwt'exeapi's through 
the tapl-.^ At hist, sti'am 
is slowly ])a.s,s(><i llirough 
tho iipmu' cod and heats 
flu; carbon disulphidi-, the 
vapours <if vdiich jwvss by 
tho Wide tube c to a 
special form of condensei ; 
when nearly all tho car- 

boiuliKnljihulo has cHcuped, 

steam is passed through Ji. 
and, escaping by the per¬ 
forations tiirougli the f)]|, 
roinov<‘S the lost, truces of 
the solvent. Tho ta[i d 
allows the steam to esuijie 
at tho end of tiie distilla¬ 
tion. The oil IS liiiall\ run 
oil through the tap k to a 
rworvoir, wher(,‘jL iMillowi'd 
to Bland until the condensed 
water hiw sojiarati'd in a 
layer (Schacdh'r’s T(‘chno- 
logio dor J'Vtto und Oelc, 

1883, i. 282). 

Lcvncr'ti {Fig. 

22).—This is employed for 
removing fat from bones. 

The bones are filled into tlie 
eylindrical vessel a (shown 
in section in the figure), 
and rest on the perfmaieil 
false bottom an; then all 
the tajw are closed except 
p, and sU‘um is iuji'ctetl througli tho pipe 
6 ; when all the air is expelled, p is closed, 
and the bone.s are kept in contact witli 
steam under jvressure for a time. Steam is 
t-hoiv shut off, and tlie tajiS p and one attached 
to the tube d are opened, and the condensed 
water is drawn off. Jn the eylindrical x-essel b 
thor© are placed equal volumes of water and 
petroleum naphtha tu' other volatile solvent: 
tajw p and d are closed, and tajw <j and < are 
onenod, aa also are the tajis q and r, to allow 
the water and solvent to now into a : p and r 
are then closed, and an equal volume of water 
is intn»dnced into B. Steam Ik now passed 
througli the [lipo rr, and this heats the wuU'r 
which forms tho lower layer in a, and the heat 
is communicated to the upper layer of solvent. 
The vapour risee through tno bones aiffl pas.'-es 
throQgb tlio pipe to the small veesol o, and 
.thonoe the roflux condenser containaned in d. 
The condens^ liquid coUecte in -o until it 
reaches tho owning into 9 , when it flows back 


into A and is spread ovor tho bones by the 
arrangement shown at tho top. Any vapour 
that is not condensed pusses through the pipe 1, 
and is led under the surface of the water in B, 
which is provided with a small eondensor b to 
prevent uio escajio of vapour of the solvent to 
the air. Tho bonoa are thus subjected at the 
same time to tho action of .steam and petroleum 
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vajieur and also of liquid petroleum. After 
this action hoij gone on for some time, the 
tap (f i.s closed and li in opened; the vapour 
evolved from a then pivsse.s to asecond condenser, 
which IS contained in d and communicates with 
c—it is indicated by dotted lines—and the tap 
, Ic i.s opened ; this allow.s tho solvent to flow 
from r down the tube iin and t;oUcct in d. The 
heating is continued until all tho solvent is 
driven off and water only enters c; this can be 
I seen by glazed apertures in that vessel. When 
this occurs, the operation is finished, and a 
mixtim* of fat and of aqueous liquid is drawn off 
by the nipe d, and tffe latter is used in preparing 
glue (jJ. li. 1*. I 7 I 8 I, 1881; and J. Soc. Chem. 
Ind. 1882, 1. 155). 

Mfrz's apparatus (Fig. 23).—This apparatus 
is designed fur the extraotion of various sub¬ 
stances -with volatile aolvente; it can also be 
used with animal charcoal for decolourising pur- 
poeen. It consists of an inner veesel, e, wnioh 
is open at the top and is contained in a closed 
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outer voBsel b. The substance is filled into e 
through the manhole a, and at the end of the 
operation it is removed through the manhole b. 
I^e solvent is stoned in a reservoir 3, ^whicli 
forms the lower part of the condensing vessel t, 
and is divided from the upper part by the par¬ 
tition d. The extractor e is filled with solvent 
by opening tlio taj) t. Wlicn the level of the 
liquid rises as liigli as the top of the siphon /i, 
the latter bocins to act and run? off the liquitl 
from E into tlie oubi*r vessel n. The entrance to 
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the sijilion js proUwted by tlie sic've ananiremeul. 
shown at tlio bottom of e. Steam is made to 
oirculate tlirougli the coil ire at the bottom of u ; 


oddur of flowers is due, forma an import^t 
industiT: the apparatuB employed is simple in 
principle, the only complexity being in the 
arrangement of the battery of extracting vessels, 
reservoire of solvent, and HtilU (see Gildomeister, 
Dio AthorisChen Ole, 2d. od. 1910, 2Gfi). 

Oarnur'ti apjxiratus (Figs. 24, 26, and 26), 
however, jneseuts Home novelty ; it consists of 
a cylinder, c, r^^volvlng on a horizontal axis 
innidc a cylindrical vcHS<d, v; the end plates 
E, Ke‘f the revolving cyhndiT present a number 
of circular rings (Fig. 25), each of which is united 
to tho correKpomling ring at the other end by a 
number of rods forming .an open framework 
(Fig. 26). Into the framc.s formed by tho rods 
long cylindrical baakr1« ii, n of open work con¬ 
taining tlie flowers can Im thrust through a 
manhole. M, al t in* enil of tho cylindrical vessel. 

, When all tlio bivskcts arc in position, the manhole 
! is cl(j.Hc<l, and (mough solvent, is introduced 
i throuiih r to cover the lowest basket. The 
cylinder i.s then made to revolve, and thus one 
; ba.9ket of flowers after another is immoi-sed 
in the solvent; an tlie cylinder has no outer wall, 
tlie solvent can move freely througli the baKkots. 
I feat can bo applied hy passing steam tlirough 
the spiral lujie im’, and tho vapourH of the solvent 
paHs by the still head h f.o the condenser k. 
When extraction is complete, tho solution is 
(IraM'n oil hy tile tap t. At tlio cud of tho 
ojieration, steam can be blown into tho apparatus 
through the tap r, and the lust remnants of tho 
solvent can tlins he driven off and condensed 
; in K. By this apparatus, many l^askets of 
flowers can bo <^xtraetc(l by tho same com* 


this causes the solvent to boil, and its vapour ; paratively small quantity of solvent (Fr. Pat. 
circulat(»sin tlmspace betwee^: Band k, warming ^ 1904, 24i')34 ; (Uldcmcistor, Ir. 271). 
the latter and its contents, and'then passes to thii ; Extraction yilant, solvcniH and methods on 


condensing tubes r, c, c, round which water is 
circulating. Tho condimscd liquid falls bacl« 
into E, and when the level again reaches that 
of tho top of tho siphon tho siphoning-olT is 
reiieatcd and so on over and over again. The 
suwtanoe is thus submitted to intermittent 
infusion. Samples can bo drawn ojf at u, and 
when the extraction is found to be complete, 
the water that Hurronnds fho tubes c, e,^c is 
withdrawn. Tho solvent * 

then boils off, and aft('r 
condensation in the worm w 
returns to the n^servoir h. 

Tlio extract is drawn off by 
the tap V. By regulating 
the tap -u, tlic substance 
can be made to undergo 
continuous instead of inter¬ 
mittent infusion, if desired 
(D. R. P. 20742, 1882; and J. 

Soc. Ohem. Ind. 1883,2, 234). 

Van Urk (Pharm. Week- 
.blad. 1919, 66, 1301) de¬ 
scribes a simple apparatu.s. 

See also the article 
on On^, and Ubbelohdols 
Handbuch der Chemio und 
Technologie der Ole und 
Fette, 1908, i. 674, &c., 
where the extraction of oils 
on the manufacturing scale 
b dealt with at some length. 

The extraction of the 
volatile oils to which the FiO. 26. 


tho mfinufacturmg scale arc discuHsod by Pooley 
in The Chemical Age, 1920, 2, 121. 

Liquids. 

A Bubsianco held in solution or suspension 
by a liquid can often l>c removed by treating tho 
liquid with a solvent that is not miscible with it. 
In the rest of this article ‘ liquid ’ will always Mt’ 
used to denote the liquid submitted to extraotioil^^ 
__ 
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The ordinary procedure is to fihake the liquid 
and the solvent vigorously togotiier in a separa¬ 
tor, which iK u poftr-ahapinl or cylindrical glass 
vessel terniinatinn in a HU)])])cn’d tiibulure at 
tta broad or to]) cml, and iti a stopcock and short 
tube at its narrow or lower end. After shaking, 
the vessel is alloweij to stand untd the. liquid 
and the solvent have .separated into two laycin. 
The »toj>])er is ilu’n removed, and the lowermost 
layer linijM'd oil by means of the stojtcoek and 
tube. This tivatment is repeated witlu-fresh 
solvent until the lujuid luus given U]> us Tnueh as 
possible of tin* dissolved or «usj»ended Hubstaiiee 
it cont^iined 

'riie niatheniatiial aHpect of the iiroeess is 
diseuased by Manien and Klliott {d. jnd. Kng. 
('beni. 1U14, b, Iliri and b2K), and they give the 
fornnilflB— 



wliere u ts the volume of tin- iu(uec)us solution 
containing tho sulvitanee; r is the volimie of 
the solvent used to ('Xtraet. it, tlie Name volume 
of freeh solvent being used for each extraction ; 
3*5 is the eoncentnitioii in the aqueous }i(|Uid 
(that is, th(‘ amount of substance in unit volunuO 
before eomnieneing the ox traction; is tlic 
ooucoiitrftiioii in tin- aqueous liqtiid afU'r v 
extractions; is the eonirntration in unit 
volume} of themiueoiiN iiijuid after an extraction ; 
and is the euncentintion in the saTiu^ volume 
of the solvent after the extraction. Tlie law of 
distribution of a sulisbance between two iininis- 
ciblo solvents statf's tliat alter shaking until 
equilibrium is cetablishiMl, llie value of d, the 
distribution ratio, as defined above, is constant 
for a given tpemperat-iin*, irrtispectlvo of the 
amounts of Kulw1.<inee jiresent, provided tlie 
Rubstnuec dne.s not polynieriHc, The law does 
not hold good, however, for wide variations in 
eoncentralion, and eorn*ctions must bo made ' 
for the amounts that the solvents dissolvo of I 
each other. I'^roni tho equations it follows that j 
tho smaller d is, tlu' fewi'r extractions will bo j 
required to reduce tlie aniomit of substance ; 
left in the aqueous solution to an uniinpoitaiit ! 
quantity; and if d is known, the number of ! 
extractions required to attain this can be 
oolculatod. The authors have dotermim'd d in 
tho case of the alkaloids and of some other 
substances. Another mathematical dismission 
of the subject but for solidg and gaeos is given 
in Lewis’s Prineiplos of Counter Ourrtmt Extrac¬ 
tion (J. Ind. Eng. Cbem. IlllO, S. S2J3). Pinnow 
(Zoitsch. hiahr. Q+mussm. 1919, 37, 49) has 
invf«tigatc,d the extraction ^by other and the 
distribution eoeflieients between etherand water 
of various organic acids. 


some to escape at the bottom and pass up 
through the liquid, it is important that *the 
apparatus be bo designed os to allow a column 
I ot Buf^cient height to coUeet. 
j A third plap is to boil the solvent and force 
I tho vapour througli the liquid; for this great 
I eftieicney iw claimed, but it obviously requires 
I great care in adjusting the apparatas and rate 
of working to the particular liquid and solvent, 
and the sucking back tif the liquid into the 
, boiling vessel when the latter cools has to be 
' guarded against. A cooling worm, through 
which a cuiTont of water flows, is usually 
I immersed in the liquid so ns to help condense 
the vajiour of the .solvent and control the 
toniperatnro. 

The nnine ‘perforation’ has Ix^on used for 
all three jilans by some writers, hut it is not nt 
all aiqiiojirinte, as they are not processes of 
making holes. Pcrpl until ion w'oiild be more suit¬ 
able lor the lust two,an<l luji-clwv for the third. 

Various jiractiral ]>oints have to be attended 
to: thus regMiiar boiling in tJie ix-ueiving vuRsel 
must, bo ensured by nioans of fragments of clay 
nqjc, or one of tiie usual devices. When a 
heavy solvent is n.seii some should first be 
]iourcd into tlio ('xtraction vosfiel before} adding 
the liijuid so as to prevent any of the latter 
entering the sid«‘ tube. A Umdoney of the 
liquid and eiolvent, to form an emulsion is apt 
to cause difTieullies in carrying out tho estrac- 
tion When this hafipens various jjans oan be 
tried, such an allowing time for the liquid and 
I solvent to Hoparate, or gentle warming, or 
i dilution of the liijuid., Wollny (Zeitscli. anal, 
j (Uiem. 188,\ 24, 53) says that, at a boiling tern- 
I jieraluro an emulHion is less likely to form. If 
i an olwtinato emuLsion lias formed, sucking 
througli a fine^pon'd or hardened filter, or 
rotating in a centrifugal apparatus, oan be tried 
to 1 ‘flect a separation, ^me authors state, 
liowover. that warmth promotes emulsification. 
Self (I’harm. J. 1915, 05, 164) diseussee the 
merits of various solvents as extracting agents 
and motbods of dealing with emulsification. 
He ^recommends shaking with more of tho 
solvent as tho best way of breaking an emulsion. 
Midfatti (Zeifsch. anal. Chem. 1898, 37, 374), 
dealing with urine, which is prone to form 
emulsions, makes it doscend a spiral of woollen 
thread wound round a long central tube placed 
in an outer tiibp up which ether ascends. 

Kempf (Chem. Zeit. 1910, 34, 1366; and 
i in Abderhalden’s Handbucli Biochem. Arbeite- 
1 motboden) gives the following points of 
I import-onco in the practical working of ci- 
i traction by ether: (A) In arranging for the 
i heights of the liquid and of tho column of 
I ethor allowanco must be made for the inoreaaee 


Various forms of apparatus liave been j in volume and changes in relative density due 
devised to effect the cxtraeition by automatic j to (a) expansion by rise of temperature ; (6) the 
TOocesfles similar to those employed foj- solids. | liquid dissolving some ether and so increasing 
Two different oases arise: one when the solvent s in volume it may be as much as 10 p.c.; (c) the 
is heavier than the liquid, and the other whin | liquid Jn the funribl tube at the start 
it is lightea*. In the that case, tlie heavier i pushoa down and so raising tho level of the 
solvent snist pass as a rain of drop through | liquid in tho extraction ves ^; (d) the drops 
the liqidd ana escape up a side tube when a of ether rising throu^ the liquid also adding 
certain amount has collected, the I'tlumn of ! to the rise of level. (B) The ether will dissolve 
liquid^Mimcii^ a shorter column of solvent in 5 a certain amount of water and transfer it to 
the sidip tnhot In.tiie second case, a.column of thereoeiver; ether can also dinolve and traorfer 
the sorraot puai be caused to accumulate in a a small amount of sulphurio acid from a Uquid 
tube n AoquireL sufficient pressure for containing it. (C) If ^ etiier boils slowly ^ 
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effect of a fractionatuig spparatuH is produced, 
and»vater aooumolates in toe receiver and may 
sepanvte as a layer. Rapid boiling of the ether 
diminishce this accumulation as water vapour 
then accompanies that of the ether. (D) The 
ether Rhoula be as pure as possible, espocially 
for extracting fat or aliphatic acids or com¬ 
pounds easily Ot^ted on. Commercial ether, 
especially if it hsw l)een long exposed to liglit. 
is ant to contain 11 ... 0 ^ and organic poroxidos. 
alconol, aldehydes, and acids. The alcohol 
would make esters with strong organic acids, 
and tho peroxides would le-sinify easily oxidisablo 
-Bubstancos; they have even been Icnown to 
detonate when tljc solution was evaporat.e(l. 
If tho extrft<*ti(m is lengtliv it is wcdl to carry 
it on in a dark room to diminish oxi<lation. 
Tcherniao (Ohoin. Soc Tr:ins. 1911). 115, 1092) 
suggests satur/ding iia aqintoii.s li(iiud with 
sodium chloridi' lo diininisli the ItKss of ctlnu 
caused by sonic boin-i tlissolvinl. 

Tho forms of apparatus may be grtiujied 
into tho.se for small (juantitias (if Lquid in 
whicli the extraction \csscl is filaced vcrtieally 
over tho reciuvcr in which the Holveut ia boiled 
and to which the solution returns, and thosii foi 
larger quantities in wincli th<* n'ciuvor is situati’d 
alon^rside the extraction vessi'I. Another diver¬ 
sity is tliat in some tlio hot vapour surrounds 
the extraction vessel and so lu'ats t.h(' lujuid 
during extraction, whilst in otlii^rs the liot 
vapour pa^^ses up a side tube and so the liipiid 
roinains comparatively cool. A third diversity 
ifl that 'U Bome the floating solvent overflows 
back into the receiver, whilst in otliors it is 
siphoned back. 

Apparatus of tho J*er|)luviation Type, 

WeAuxrrz\ npfxiraluM (Kig. 27).—This ajipearH 
to have been tlio first apparatus desicned tor the 
automatic extraction of liquids. Tlie liquid is 
placed in the flask e, and the solvent, which 
must be lighter than tiie is placed in the 

receiving flask R, and is there lioiled, The 
vapour ascends through the tube I to the upper 
vessel V, and thence through the tube c to n 
reflux condenser. Tho condensed solvent de¬ 
scends the tulic p, then rises throfigh tho liquid 
in E, and collects os a layer above it until it 
reacheH tho opening into the side tube 5 , when 
it overflows and returns to the flask b. This 
circulation goes- on automatically, and when on 
testing a drop of the overflowing solvent, tho 
extraction is found to be complete, water is 
cured down v until all the solvent overflows 
own q into B ; the parte are then disconnected, 
s ia emptied, and by reconnecting and heating b, 
the solvent can be diatilled off into e, leaving 
the desired substance in b. At a and b are 
mercury joints, which enable connection and . 
disconnection to be readily made (Zoitseh. anal. 
Chem. 1884, 23, 368). 

Yodf‘r's apparatus (Fig. 28).—^This is a simple 
form of apparatus which was used to extract 
certain organic acids from aqueous eolutidlis by 
meems of ether. The liquid is placed in the ; 
inner veesel b, which is supported at d by three 
dents in the outer tube, ^he vapour of the 
wlvent passes np from the receiver through the 
Imle K. If the solvent is lighter than the liquid , 
^ long funnel tube / is used. This is closed at ; 
the bottom, except for some small perforations ’ 


in the end, which is slightly einlaigecL The 
solvent from the oondenser 0 passes ^wn fchbi 
j tube, then eecaping throiuh the porforatipns, it 
ascends through tho liquid, overnows, and runs 
back into the roooivor. The perforations must 
be small enough to prevent too rapid a flow of 
' solvent, even when there is rapid condensation, 
or oIho some of tho liquid may bo carried over. 
For heavy solvents, sucli as chloroform, tho 
inner vessel is sliapc'd like y.' and the funnel 
tube is omitted, or el.so shortened so as only 
just to reach the surface of tho liquid in b', and 
is suspended from tlie top; the solvent passes 
downwards tlirough tho liquid, then up the 
narrow' side tube, and overflows. When 00 m- 
incncing, some of tlio solvent must be poured 
into r/ before pouring in the liquid, ho that the 
side tube may contain solvent and not the 
liquid (J. Jnd. Eng. Chem. 1011, 3, 641). 

Van Ilijn’s apparatus rosomblea Voder’s, 
but tho inner vessel has three constrictions, bo 
that it take.s the form (jf Ihreo bulljs and a 
eylindneal npjior jmrtion. and there are liolea 


c 
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in the upper portion for tho overflow of the 
solvent. At the lowest constriction there is a 
mark denoting the top of a definite volume 
in the lowest bulb {Ber. 1895, 28,2387). Baum's 
apparatus for use with heavy Bolventfl is like 
Yoder’s, but the vessels are wider (Chem. Zeit. 
1904, 28, U72). Long’s apparatus ia much like 
Yoder’s, but to avoid using a cork ho closes the top 
of the wide outer tube loosely with a metal con* 
denser, which partly reHts on and partly snten 
into it, and which has a pointed end to condense 
tho vapour and drop the solvent into the funnel. 
The bottom of the funnel tube ia notched instead 
of being closed and perforated. For haa't^ sol¬ 
vents the tube b' is covered with a oup-snapsd 
piece of nickel wire gauze. By substituting for 
X a tube ending beneath in an open point it oan 
be used as a peroolation apparatus for solids 
(Arbeiten«aus oem Pharm. Univ. Berflx), 
1909, 7, 289). 

ScMMher£a apparatus (Fig. 29).—^Thi^fi £01 
use with li^t solvente, the liquid is plao^ tn 
the extraction vessel x,^ filling it* tip to the 
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bottom of the nock ; if insufficient to do this, | mO, 22, 24) is soniewliat on the same plan as 

it can be diluted. The solvent is boiled in the | Fiske’s. 

receiver B, and the vapour ijasses up the tube 1 I •Friedmh>i’ apjxiraim (Fig. 31).—In order 
to thf! condonKcr at. iho condonsed solvent tlial the drops ot a liulii solvent may traverse 
drops into the funnel tube /, and when the , os long ii path tw ^lossible as they rise to the 
column is sui!i< 
through the litpJid, 



leienll.v high, it passe's up in drops j surface of the liquid, Knedrichs makes use of a 
MJijid,’ ceilecti^ in the neek of K, ; glass contrivance' s, the surface of whioh is 
shaped like the thread of a screw. Jlis con- 
ilens(‘r, only the bottom of whicfi is sliown in 
th<“ figure, also employs a screw (h'vico. Tlio 
vapour of the solvi'nt jiaf.ses from the receiver 
11 up the side tube /, to thf‘ eomh-nser c, and the 

O i'iskr's ap'jyiratiiM (Fig. ! liijiieliod solvent falls into the funnel tube /, 
1)0).— I'\)r large volumes of : and cseaiK'S by aiiciturtvs at the bott.oin beneatii 
li(|ui(! Fiske has (leKcnhcfl ' the screw eoiitnvanef. ami t.luui follows a 
an apparat.us which, with winding coutKc along the tluead till it eollccts 
' aliove fJie lupud ami is siphoned oil by the 

tube -v. The funnel lube f parses down the 
centre of s, into wliich no liquid enters. The 
sijilton tube ,<f runs (.lutside the extract.loii vessel 
until it K'aeiies e, where it piusses into the 
bottom t;ube and returns tlie solvent to the 
I'eeeiver, The side funnel f and 
the tap T siTve to mtrodiieo and Q 

1.0 a condenser. Thetulie t \ remove iKpiid from the c.>:traetion 
is scaled into iliis bulb, and ; vessel as required [d. Amer. ('hem. 

and Zcitsc'h. 


and overllowH back into ii. 
(Jorks can hi* avoided by 
using ground-in joint-s 
(ZeiiHcli. Nalir. (le^us.sm. | 
11 ) 01 , 4 , 074 ). 


the (‘Xcf'plion of the trap 
beneatii tlie ('ondcn.s(“r. can 
lie liltefl up With nrdinurv 
pif'ces of apparatus. 'I’lie 
etlif'r or other liLdit. solvent ; 
is boile'i in tfu‘ distilling : 
liask K. ami the vajioiiv 
a.s('('n(i,s Ihroiigli a bulb 


lises a short way into it, so 
that the n'tiii’iiiiig eon- 
<lensetl solvent is trapped 
and led olT by the tube // to 
the bottom of a eomnion 
Flo. 211. di.'^tilling flask k. contain- 

ing the li(|vnd, wlin b idioiild ' 75(); and 
reacli uji to the liottom of flic neck. 'IMk' , li(pielied gi 
Holvu'nt ])nss('s \ij» Ibnmuli tlie liquiil, eol- 
Icels in the neck of i:. and ovcHlows through 
tbo tube q buek int.o u TIu' liquid, when 
flutliciently extracted, is drawn tilT liy the 
Hiplion . 1 . and fresh liijuid is introduced tlirougb 
the funnel tube /. wlueh should end below the 


iSoe. 1012, :i4, 2S5 
angew'. ('hem. 1012, 25. 15H). 

Fnedriclus has also dcseribed a 
somewliat similar form, but with 
the leeeiving llask at the side, in 
i^eitscli. anal. ('iKun. lt)U, 50, 
and an apparatus for using 
gases as solvents for <‘\- 
traction at low (.(‘inperjit ures in 
Zcibseli. ang<‘W. ('hem. lOld, 20, 

Aufsat/,. 201 ; and in J. Aukt. 

(Jhem. Soe. 1012, 25, 244. 
j Kompf’s apparatus attains the 
' saim* end as Friednehs’, namely, a 
j long eouT-so for tho driqis of solvent 
I rising tlirougli tho liquid, by sur¬ 
rounding tlie funned tube^ with a 
: flat gliws spiral winding upwards 
1 like turret staii'fl. This is placed 
1 111 ail e.vtraction vessel, with holes 
ni'ar l.he to[) for overliow’, and tUi.s, 

; in t urn, is pla*(“d in an outer vessel, Fid 31. 
as in Voder's and van Kijn’s 
forms (('Item. Zeit. 1010, 34, 1305). Kutacher 
and Steudol (Zeitscli. physiol. Chem. 1003, 39, 

I 473) wind a glass spiral, ap])arontly ot thin rod, 
round the firtincl tube. Kernpf {(diem. Zeit. 

; 1013, 37, 774) dei<cribes a form in whioh tho 
liquid IS kept cool by circulating water round it; 

. in this, too, a sjiiral is used. 

A third jilan of increasing the path of the 
drops of .solvent is to place the liquia in a spiral 
tube and make the solvent divided into small 
drops ascend through it, and then collect and 
return to the receiver. This is adopted by 
^ I’artheil and Rot>e (Zeitsch. Nahr. Gonussm. 

, 1002,5,10-49); by Jerusalem (Biochetn. ZeitscK. 

' 190S, 12. 379), wn® gives directions for extract- 
I ing }9np-like materi^s; and in Koulman's 2nd 
surface oi the liquid, so that vapour cannot apparatus (tfii'd. 1911,34,431). 
escape tha t way. In on exjKTimeni w’ith this j C. wn der apparatus {FIr- J2).— Tn 

apparatus 640 c.c of an aqueous fioVRion con- j thi.s a fourth way of increasing the duration of 
fcikint^ 0<4 p.c. of succinic acid yielded 07 p.o. i contact between the rising light solvent and the 
of tWFadd t<^©tlier in 2i hours (Amer. Chem. J. | liquid is adopted, namely, by means of a senes 
1909, 41, 6M>), * , * ! of inverted cups fused on to the funnel tube /, 

Bowman’s appaijrtus (Chem. Soc, Proc. . which fits into tho ex traction vetvel r containing 
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the liquid The vapour from the solvent rises 
up the Bide tube 1, and passes through the hole ' 
which corresponds to a similar hole hf in the I 
funnel tube f \ thence it passes to the condensing 
cup c, in which is placed a condensing spiral of 
twelve turns closely wound round a central 
cylinder (not shown in the figure). The lique¬ 
fied solvent escapes from the notched end of 
/, and works its way from one cuj) to another 
through the small holes on alternate sides shown 
in them ; as the.'^c are low down in the cuj).s a 
little solvent is held in each cu]). After collecting 
above the liquid the solvent overflows tl) rough 7 
back to the receiver. Von dc.r lleido also 
doscribcH a still more eotnplieated apparatus 
for either light or heavy solventvs in wliieh the 
cup device is tunployed, and furtlu^r gives a 
third apparatus of the hot vapour injeetnin tyi>c 
(Zoitsch. Nahr Uenussm. liiOU, 17, IU5). Aron 
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(BiocJiem. Zeitselu li)13, 30, 38li), like von dot 
Iloidt‘, employs inverted cu])S. 

A fifth way of increasing the crintact is to 
employ a ouiTcnt of air or other gas ; thi.s is used 
in Koolrnan’a first apparatus (Biocliem. Zoitsch. 
1911, 34, 431), and by Borl (-scf: below). Kmde’s 
method (Apoth, Zeit. Berlin, lyOO, 24, 003) 
differs from all others by making the liquid pass 
through the solvent which is ])laced in a sepa¬ 
rator. The liquid enters in small drops from a 
jet just penetrating the upper surface of the 
Bolvent, eollecta at the bottom, and cscapca 
through the tap and up a side tube; whence it 
can be mode to pass similarly through other 
separators. Meeker (8th Int. Congress of 
Applied Chem 1912, 17, 45) deacrilics a seventh 
ana very original way, especially adapted to 
prevent emulsification. The solvent and liquid 
form two layers in a suitable vessel, in which 
there an^ two projiellera on a vertical shaft, one 
in oaoh layer. These propellere are so shaped 
as to thrust in opposite directions, the lower one 
thruflting upwards and the upper one down¬ 
wards. It 18 claimed that at a suitable rate of 
wiation of the shaft fresh surfaces of liquid 
Attd solvent can be brought into contact without 
tke fonnation of emulsions. A form with a 

, VdiL in.—r. 


APPABATUS. ifS 

rervolving stirrer is described by ZelmanowiU 
fBiochom. Zoitsch. 1006, 1, 253) (or pxtraoiing 
large volumes of Mueous liquid with light 
solvents, and a simplincation of this is desoribed 
by Tolmacz (Chem. Zeit, 1913, 37, 1381). 

The following are references to other appa¬ 
ratuses for extracting liquids by perpluviation. 

When the solvent is heavier than the liquid; 
Stephani and Hooker (Bor. 1902, 35, 2698), the 
solvent rains througl) the liquid, collects, and 
passe* down to tlio receiver through a tube 
with a tap, which lias to be adjusted so that 
just as much flows down os falls in from the 
condoiLser. A ])ad of glass wool can bo insurtod 
to break up emulsions. It can also bo used 
for solids. J’rcgl’s apparatus (Zoitsch. anal. 
Chom. 1901, 40, 785), that of Berlin (1). R. P. 
251459, 1911), and that of Greonwold (J. Ind. 
Eng. Chom. 1915, 7, 021), are ingenious and 
, compact. 

When tlio solvent is lighter than the liquid; 
Neumann's 2nd apparatus (Bor. 1885, 18, 3061). 

; Eilourt's 2iid ajiparatus (Chem. Nowa, 1886, 63, 
281), it re>iembl(%s that in J<’ig. 34, except that 
the tubes aro arranged so that the vapour goes 
tro tlio coiuhmser and the liijiictied solvent paases 
down mt(j b. Kurbatow (J. Russ. Phya. Chem. 
Soe. 1894, 26, [ij 39 \ and Her. 1894, 27, 314 e). 
Wroblewski’s Ist apparatus (Zoitsch. anal. 
Chem. 1897, 3fi, 671). Foerater (Chem. Zeit. 
1898. 22, 421) uses a tall cylindrical jar to hold 
the liqiiid ; hn givoM iiarticulan^ about extracting 
with ether Moap sulutionB obtained from fats 
to get cholesterol and jiliytostcrul. Kumagawa 
and Suto’a apparatus (Boitr. Chem. Physiol. 
Pathol. 1003, 4, 185} is somewhat like Yodor's, 
bid. with much more glass-blower’s work. 
Saiki (J. Biol. Chem. Baltimore, 1909, 7, 21) 
adapts an ordinary Soxhlet (Fig. 14) for liquids 
by slipping in a smull bottle with a funnel tube 
standing in it. Bacon and Dunbar (J. Ind. 
Eng. Chem. 1911, 3, 930) use a fla^k having a 
very wide neck about 16 inehoa long, in which 
is hung a tost tube containing the liquid and 
funnel tulx^, in this lU'ck tlioi-e is also contained 
the condenser hanging from an enlargement of 
its top, thus there are no corks or joints. 

Wnen the solvent is citlier heavier or lighter 
than the liipiid : Wollny (Zeitsch. anal. Cnem. 
1885, 24. ,54 and 202). Grauer (Dingl. poly. J. 
1880, 2li2, 475) forms on a manufacturing scale. 
Diepolder (Ber. 1897, 30, 1797), Gockel (Zeitsch. 
angow. Chem. 1897, 683), and Hahn (Chem, 
Zeit. 1013, 37, 880) forms with movable interior 
vessels. Landsiedl (Chem. Zeit. 1902, 20, 274), 
several forms with movable interior vessels for 
use with solvents ofdiigh or low boiling-points. 

Apparatus of the Injection Type. 

Mamcli'it apparatus (Fig. 33).—In this 
apparatus the plan of forcing the hot vapour of 
' the solvent through the liquid is adopts. It 
I is somewhat like Soxhlet’s apparatus, but 
I siphon s is attached at a point rather more thw 
. halfway up the side of the extraction ve»ei X, 
! and reaches to the bottom of the receiver x to 
! prevent tlm vapour escaping that way, also the 
i tube i, which conducts the hot vapoer from B 
bends over and reaches nearly te the b^om 
of B. Thus %he hot vapour is forced throuj^ tike 
liquid, and th& conden^d solvent cofleote above 
the surface of the liquid* until the siphon is 

I 
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filled and put in There is a condoDRcr 

at Oy which liquctieti o^capiog vapour and 
retumB the solvent to e. A bimilar apparatus, 
but easier to lit up. einpiovs instead of B a 
similar vessel having no siphon, but a long 
central tul)e ])aHHing (h/wn tlirough a corked | 
opening at /•, and reaidiing from a point far up > 
in Ktothc bottomof K,so thattho floating solvent : 
Hows down it into ii. Th(“ top of this tube can j 
bo bent over for u sliort diHlaii' C if a Hiphoiung j 
a(!tion is dceired. Tlio sitle tuln: ( passes ; 
through tlic cork of it, tlms no giosH-lilowcr's [ 
work is reuuintd ((hi//., l•l|lnl. ital. I'.IOH, ;{(), 1211). | 

Pelizzas atiparai\is i.s un injection form j 
somewhat like Alanieli'.s, hul the Iluating Kijlvont, 
instead of being siphom-d nil, returriH down a : 
central tulx', and the IuIk* supj»l\dug the \apouj- 
bentls down outside l.ho extraction vi'ssel and 
enters at the liottoni; turtln‘r, there is a closed- 
fitting ouUt during fuseii on (o i:, tlirinigli 
which Mater eirculnte.s on its m-jiv to the otin- 
denser ((lieni. Zeii. PHil. 28, ISti). Morcrtclu 
and iSiomoni’s afijiaratiis resemhlew Maineli'H, 
but tho tube in the e.vtraction vt'.sHcl down 
whi(di tho vapour pussi's is surrounded by a 
coudeiiHing ,]wk<’t througli Mhieh luld Mater 
cun be inmle l-o circulate (Pend. Soe (’linn. Ital. 

im, 6, ir.ii). 

ICiUxirffi apjKitalii^'i (Pig. .'14).—In tins 
tho litpiid is contanu'd in the tall jar Jh The i 
vapour of a liglit solvent, M’hieh is boiled in the i 
flunk K, is forced through the liquid by means ! 
of tho long tidie /, f, wliu'li terminates in a small 
inverted funnel attiiclied by fusion. The mouth 
of ttiifi funnel is covered with a ]>ie (‘0 of platinum 
foil ]>erforaU.Hl Mith holes. The top of the jar 
is tightly corked, and the solvent, winch eolleets 
m a lavoroii tiie Inpild. is forced up tlie tube p 
to tho bottom part of a eonilensor c, and returns 
to U down tho tube q. (It would be better if tho 
cork at tho bottom of c could be avoided by 
some glass contrivance.) 'I’ho tulx' / is given 
oonsidorable lieiglit to prevent any of tho li([uid 
in B being sucked back wlion ii cools {(’hem. 
News, 188U, Ci'i, 281). 

Neumann, in 1885, described his 1 st a]iparatufl 
in M’hieh ether vapour is forced into the liquid 
contained in a tall eylindncal jar and t he lloatiiig 
ethor is siplionod back into Iho receiving llfusk 
(Ber. 1885, 18, (lOtU). 

Pip employs a ve,ssei somewhat resembling 
an inverted gas jar, but having a small extra 
tubulim* near the main t«bulun\ Tlie Hijuid 
is oontained in tliis jar, and tho vajxnir of a 
light solvent from a n>oeiving tloak at tlie side 
is forced in at the bottom through a cork and 
tube fijted in tho main tubulurc, and is distri¬ 
buted through a jieiforated porcelain plate. A 
tube which passes through the small tubulurc 
and reaches to a point above the surface of the 
liquid, leads the bquefied solvent back into the 
receiving flask. The tube supplying titc vapour 
rises outside the jar and well above it and then 
bends down to reach the cork. There i.« a cork 
cover that supports a winding cooling tube in 
the liquid ana a funnel (Ohem. Zeit. 1903, 27, 
70(1). 

WoUny'H apparatus (Fig. 36). —In this 
appalMtus an idea is borrowed from the Bunsen 
burner, naaioly, to force a jet of vkponr and a 
jet of osQdie&sed solvent up thAu^h a tube 
immersed ia liqifid, thus attuning a close 
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intermixture. The apparatus is connected bv 
mercury joints: below to a receiving vessel, 
and above to a condenser. The vapour of the 
solvent, which can be introduced if so desired 
by the side tube p instead of from the receiving 
vessel, pa.saoH up tho tube, t, which rises nearly 
to the top of the a])pivriitUH, bends down forming 
an inverted U, enters tlie extraction vessel E at 
the bottom, and ternnnales in a jet. A funnel 
tube / condiictH the li(ju(‘ficd solvent from the 
condenser and delivers it )>y a jet alongside the 
vapour jet in the mixing tube w, in which an 
intimate mixture of liquid and solvent is made 
ami overllowfl at tho top. The tube m is 
sun'ounded at tlie top by a wider tube w. 
When tho 8 (^iv('nt is lieavicr tlian the liquid 
the lube ij is em})love(l, and in jjlaeed over the 
exit (tibf' .s, wliicli reache..s down nearly to tho 
liot loiri of tho receiving vc.sscl; t he ]ire.sRure 
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(if tho Hipnd then supports a column of solvent, 
indicated in the ligun; by the shading, as high 
an tlic top of and the solvent flows off down a. 
The liquid is not shown in tho figure. There 
is no siphoning action as 5 is oj>eu at the top. 
When the solvent is lighter than the liquid the 
tube q is remt>ved; the solvent now floats on 
the surface of tho liquid and iTius oft doMTi the 
: tube 'The loose parts arc suspended from the 
; upper edge by platinum wire. WoUny states 
that tlie apparatus is auitablo when tho solvent 
; and liquid separate quickly after intermixture, 

I aud that air emulsion is not so likely to form at 
boiling temperature as when the liquid and 
; solvent are cold, [(^ther authors state, how* 

: ever, that warmth promotes emulsification.] 

I In case of an emulsion forming, he suggests 
I heading aside the condensed solvent out ox the 
j appa^tuH for a tiiho and allowing vapour only 
I to pass in as a means of efiocting eoparatioiL 
j He also describes several other somewhat 
similar forms of appmutns (Zeitsch. anal CbeoL 
1885, 24. 47 and 202). 

i^rPs apparatus is on the same plan as 
WoUny's, but is even more complicated In it 
the vi^ur of a light solvent and a cunent <it 
air or some other gas an forced up a gins sp&rU 
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immeisod in the ao that some oi the | 

liquid aocompuiieB them, the mixtnre is dis* 
ohai^ged at the top of the spiral and falling back 
rejoins the main body of the liquid (Chem. Zeit. 
1910, 34, 429). 

The following arc references to other injec¬ 
tion forms : Hagomann (Ber. 1H93,26, 1976), for 
heavy or light solvents. Wroblc.wski’s 2nd 
apparatus (Zeitach. anal. Chom. 1897, 3i), 672). 
for light solvents, tho tube that conveys the 
overflowing solvent bax;k to tlie I’ccciver dips to 
form a U-tube and rises again to enter tJie 
receiver. Tliere is a tap at the bottom of the 
U-tubc, BO that any drops of tlie liquid that 
come over can be jemovcHl before rcacJiing t.hc 
Ttseoiver, and also portion.^ of tlio solvent can be 
taken for testing. Lentz ((’hem, Zeifc. 1901, 26. 


820), for chlorofonn, it can be eoa&y fitted up 
with ordinary apparatus. Fiitsoh (Ohem. Zeit. 
1909, 33, 769), lor use with ether, the liquid is 
I contained in an inverted Woulfe’s bottle, or by 
nutting calcium chloride solution instead of the 
! liquid it can be used to purify ether. C. von 
I dcr Hcide (Zeitach. Nahr. Genussm. 1909, 17, 
j 315). Tehcrnia*’ (C^cm. Soc. Trans. 1919, 116, 
1090), an elaborate apparatus for forcing ether 
vapour from one flask into an aqueous liquid 
1 oonttfined in another, whieli is immersed in 
! water so that it can be kept cold or allowed to 
' get warm as desired. A device is employed by 
i which any aqueous liquid carried away by the 
j ether is returned to th<‘ exf raetion flask and does 
; not. reach the receiving flask. When in good order 
! it can be left to work overnight. H. H. R. 
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F-ACID. 2-Na])hthylajnine-7-t>nlj)honic acid 
V. Naputhai.ene. 

FACTIS (fakti'!, }’act(ci:, J\imfatlis). A 
general term apjiiied to so-cji!led rubUu' sub- 
btitutew pjvpan’d from oils 

White substitute made l^y stiiring sul^ihur 
monocldorido into lin,s(?('(l, rupe-Noed, refined 
colza oil, or other unsatnruted oil with or 
without adiiii.\turv of jieW'ofeum spirit. A eon- 
sidorable rini* of ternperat.iii’(‘ occ.mii’h , the oil 
thickens, and, when tho leaetion has pro- 
oeedod far enough, the wliole ih poured into 
trays, and KolidifloH to an elaHtie .^olul, .somewhat 
roKombhng rubber. It i.*« necessary to control 
the teniperatim', and thondoro only liinitud 
charges of material are used. 

The jiroduct is an additive eomjionnd of tho 
oil and Huljdmr inonoehloride, and eonsisUs 
mainly of tlu; Ldyci'ride.H of fatty acids containing 
chlorine and Kiifjihur (Ulzer and Horn, daliresb, 
(■hem. Tochnol 18(K), 1177; Honnques, Chem. 
Zeit. 1893, 707). 

Dark or French substitute is obtained by 
lieating a vogot-able oil to 200®, and stin-ing in 
sulphur. The litjuid lliickens, and on cooling 
solidifies to a black elastic solid. It ia sometimcH 
prepared from rape-seed oil or eotton-neod oil 
which has previously been pariioily oxidised by 
treatment with air at a higii temperature! (r., e.g., 
Eng. Pat. 15103, 1899). Subotitutes manu¬ 
factured from these ‘ blown oils ’ have a sp.gr. 
lees than 1, and an! Oicoordingly known as 
‘ floating substitutes ’ {v. Altschul. Zeitsch. 
angow. Chom. 1895, 535). 

A wot method of manufacture consists in 
oxidising the oil with dilute nitric acid at 100°, 
and then adding colophony, spirit of turpentine, 
sodium chloride, and sodium polysulphido, and 
boiling till the factis has tho proper consistency. 
It is then Anally washed, dried, and rolled (v. 
Lutenaf. Rev. i?rod. Chira. 3, 147; J. Soc, 
Chem. Ind. 1900, 673). • 

These preparations, however, have only a 
limited application as rubber substitutes because 
of their small elasticity and insolubility in the 
UMial rubber solvents. Also they are easily hydro¬ 
lysed by steam and other agents. If excess of 
6u and sulphur are first removed from the factis 
^ treatment witii oarbem disulphide, acetone, 
they may be incorporated with a proportioii 


of pure ruhbcir, and their us(!fulnoHS much in- 
cn'ascd (l)itmii!\ Fr. Pat. 377638, 1907 ; J. Soc. 
(’horn. ind. I1M>7, KriS; v. also (Iherchoffsky, 
l>. It. P. 218225, 1908; J. Soc. t*hom. Inti. 
19IU, 4-10; and tlcil and Ksch, Manufacture 
of Kubber(loodt', 110). 

FAHLORE. A partial IrauNlation of the old 
German iiaTuu Fahlerz, ap]))ied, like the term 
‘ grey-copp('r-ori!.' to luineralft of the tetra- 
i hedrite group. Tlieso art! ossontially sulphanti* 
i nionit(‘s or Nul})harHonitca of copper with the 
' general formula where IV represents 

I copper and silver, and JV" anlimbny, arsenic, 
or, exceptionally, bismuth. In many instances, 
however, small amounts of iron and zinc (lees 
often mercury, load, or cobalt) arc also present, 
and the formula then bcoonios 

U';jR"'S 3 +n(nR/'S-R"'a 83 ) 
where R" rejirtwcnU iron, &e., and n is a small 
j fraction usually i\, or A (Prior and Spencer, 
Mm. Mag. 1899, xil. 202). A. Kretschmer 
} (Zeits. Kryst. Min. 1910, xlviii. 484) gives 
j several new analysas and writes the formula 
j in the form (H'^, Owing to this 

; wide range of isomorphouH replacement, the 
actual composition of fahlore is extremely 
variable, as is iUu.stratrcd the following 
analyHOB. Furtlier, owing to tho fact that 
faliloro UHually foruia intimate intorgrowths 
with other niincralH, more particularly copper- 
pyrites it is probable that many of the older 
analyses wore made on material which was not 
ideally pure. , 


— 

I 

II 

III ' 

IV 

V 

VI 

s 

24-48 

24-83 

23-15 ' 

27-60 

21-17 

22-96 

Bb 

23-85 

28-82 

27-73 j 

— 

24-68 

21*85 

As 

trace ; 

trace 

trace 

10*04 

— 

— 

B1 


0-83 

— 

— 

_ 

— 

Cu 

45-S9 

41-65 

30-50 ' 

40-63 

14-81 

84-57 

Ag 

_ 

— 

1.5-26 

1-87 

81-29 

*— 

Fe 

1*32 

1-02 

3-61 i 

1-11 

5-98 


Zn 

_ 

2-63 

trace 

— 

9-99 

1 n 

Hg 

Pb 

: Til 

0-62 

0-05 , 

0-17 

z 

15-67 


:100-« j 

9030 

100-26 ■ 

09-62 

98-87 

08*08 

Sp.gr. 

' 4-02l| 

4-960 


4^62 

• — 

5'107 
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1, Teirrflu‘(lrit(' froiii FrcMncy d'OiBttm, Isire, 
Fraiict^ (G. T. I’ridr, IHUSI); 11, telraliedrite from 
Horhauflon, Jlhcnish J'ruHKia (G. T. Prior, 
185M)); HI, lotrahcdrjU; from Wolfach, Baden 
(G. T. i’rior, IHlMi); JV, leniiantite (‘binnite’) 
from JiimieiithftI, Switzerland ((». T. Prior, 
1899) ; V. argenliferouB Ujtraliodritc (froibergitc) 
from Frt'iberj:, Saxony (H. Hobo, 1829); VJ, 
ineriiurial t<rtrabedrito {fci{;liwarbzit(‘) from 
Sebwarz, Tyrul (Woid()nlnmeh, 1840). 

Many of the iiamen wliich have been a^)plied 
to the ininenvln of tins group exprosK thoHe 
difTerenetsj in eom})o.sition. Tetrahodrib^ (Fr. 
Vannfms') and tennantitc denote the antimonial 
and ars(oiH‘al HC'riey respectively, and these arc 
usually reirarded s]>r;eieH ; otlier iiatnix take 
the rank of vivrieties under t hcHe. For exanijile. 
freibergito (Ger. WcisafjtllKj'rz) is a \ai'iety of 
totrahodnto eontainmg imich silver: .seliwarl- 
zite is a mercurial tetrahedrito; and inalinowskile 
OIK', containing lead. Jn the arscnieal senos, oi 
ti'nnantite, the nanu's HandlH-rgerib! and kupfer- 
blondo aro applied to vaneluis rich m zinc ; 
rionito and anniviU* to tlioso containing bia 
miith. 

Although ildfi'i'ing so widely in ehoinii’al ! 
composition, all vanetios of falilure are identical 
eryHtallogra]>lm‘.al!y. t he typ(^ of synimetry being 
that of the tetrahedral class of tiio cubic systurii. 

A ])ronoinieed t.elrahedral liahit of tlie crystals 
IH extremely cliaract(>risLic of tlie antimonial : 
mernlMirM {henct' tlio name tclruhudrite), whilst 
in the arsmiieal senes (l^tinnantitu) this is ofU'n 
somewhat maski'd liy the greater development of . 
the rhomlnc duilecaiiedron. The eolour is iron- i 
blaek to sti^el grey, and the lustre mi'tallie and ^ 
nfton brilliant. Tlie fraetiiiv of pure material | 
is ty)iieally eonelimdal. with a brilliant lustre. | 
The streak is usually black, but in some Rjieei- j 
mens (tliosi^ containing but httlo iron) it is | 
dark reddish-brown; hardnoss, 4 ; Hp.gr. 4'4- i 
5-1. I 

Fahlore oeeuiM in mineral-veins in assoeia- | 
tion witii other metallic minerals. Beautifully [ 
crystallised HpoeimenH have been found in many j 
mining districts, notably at the Ilerodsfoot Mine | 
near Idskeard in (kirnwull, (’laustlial iii the [ 
Harz Mountains, Kapnik in Jiungary, &e. Jn ! 
the massive eomlitiou it is, at times, found in 
Bome abundance, v.q. in Nevada and Ftali, and 
it is then an imfiortant ore of copper. The bulk 
of tlift rich Sliver ores of Bolivia and Peru 
consist of argentiferous Ictralu'drite. 

L. .T. S. 

FARINA, or POTATO STARCH. The stareli 
of tho potato, N(>la/iuw» tiibcrosum (Linn.). The 
tubers are placed in a cyhi^lcr furnished with 
teeth by means of whicli tho starch cells arc 
IttQpratod whilst the mass of potatoes is reduced 
to a stiff pulp. Tho staroh granules are washed 
out and allowed to sottlo in vessels of w'ator, 
when tho water is drawn off. Tho moiSt starch, 
after being separated from tho cellulose, is dried 
and broken up botwtWin iron rollers. It is tlien 
ready for its purpose, which is in the main the 
Biztng of textiles. 

As a material for the purpose of sizing, farina 
produces whon boiled a thicker paste tliivn any 
otKer^taroh ; oonsequently, a small amount of 
it will foRkish a liquor of the ^ame density 
as a miMd^ larger (wantity of, for instance, 
wheaten flour. On Ime other hwd, the starch 


cells of the potato being exceptionally large, a 
certain amount of coarseness is felt in cotton 
goods stiffened by it. For this reason, it is 
seldom used with Cliina clay alone, but is usually 
mixed with a greater or smaller proportion of 
flour. It is claimed for farina that, since the 
potato contains a small amount of nitrogenous 
mutter, it is not so prone to induce mildew in 
cotton goods as arc other form.s of starch. 

Fanna has a glistening appearance and a 
{ crisj) feeling when pressed lietwceu the fingers. 

I It eontaiiiM a larger proportion of moisture than 
; any other stareli, varying from 17 to 20 p.c. 
i The granuloii are very cliaraetcristic, being for 
i llio most part huge, though irregular in size, 
and r('.scmbling an oyster-slirll in form, being, 

: moreover, inarki'd with Hiiiiilar eccentric rings. 

Tlie following i.s the average composition of 
ordinary eoiniiuToial lanna :— 


Water 

. l()-72 

t'elluloHi! 

. 0-3() 

A‘<h 

. 0*22 

Starch . 

. 82*70 


lOO-OO 


i^'anna is preferred to otlier starclies for tho 
inanufacliirc of Britisli gum, its great purity 
making it C8[)0cialiy suitable for this purpose 
{v. vStaiuiu). 

FARNESOL, an alcohol found by Haarmann 
and Renner ju tho oil of quassia flowers. It is 
found also m lh‘rii and 1>olu balsam and pal- 
rnarosa oil, and also, by KV/.o ((’hem. Zeit. 1910, 
34, SfiT), in camuiga oil from Java. It is 
oi»tieallv inaetive ; sp.gr. U‘985 at 15®, and boils 
at J45''’-14('i® at 3 mm. 

FAST ACID FDCHSIN, -SCARLET t’.. Azu- 

OULOUIUNIJ MATTKIW. 

FAST-BLACK, -GREEN M u. Oxazike 

(’OLOURINU MATTERS. 

FAST BLUES v. Inditunr.s. 

FAST BORDEAUX v. Azo- colourino mat. 

TKIW. 

FAST BROWN N, ACID BROWN, NAPH- 
THYLAMINE BROWN v. Azo- colouwng 

MAF'IICBS. 

FAST COTTON BLUE, -BROWN r. Azo- 

COT.OUllING MATTERS. 

FAST PONCEAU B and 2B, BIEBRICH 
SCARLET, PONCEAU 3R or 8R B, v. Azo- 

COLOURING MATTEUS. 

FAST REDS or ROCELLIN, RUBIDINE, 
ORSEILL1NE v. Azo- colouring MArrERS. 

FAST SCARLET v. Azo- (’oixjurino matters. 
FAST SULPHONE VIOLETS t>. Azo- colour. 

ING MArrERS. 

FAST YELLOW v. Azo- colouring matters. 
FAT LUTE V. Lutes. 

FATTY ACIDS. A numerous and impor¬ 
tant group of acids of the general formula 
CfiHj/jOn, certain members of which are essential 
oonstituente of the animal and vegetable fats. 
Tho kiwoRt term of the series is formic acid 
H’COOH ; the highest term at present known 
is dicetylic acid GjiHgaO,. As the radical 
OnH^n-nniay exist in a varietyof modifications, 
it follows that the fatty aoids are also oapaUe of 
existing in numerous isomeric forms. The fatty 
acids may, like the monovalent alcohols, be 
distinguisned as primary, secondary, and 
tertiary. The secondary adds are usually 
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tamed ito-acids, whilst the acids containing the 
groupBCH^’CHi’CHg*. • . are callednormoiociW^. 

The naturalW occurring fatty-acids are found 
partly free and partly in the form of eeters. 
Formic acid is found iu ants, caterpillars, and 
in the stinging-nettle ; butyric acid in butter, in 
jierspiration, and, combined with hexyl alcohol, 
in the fruit of IIe.raclrnm villoHinn (Fisch.) ; 
cerotic acid in bccs-wnx ; stearic acid in animal 
fats, fee. The higher members of the series in 
combination with glycerol, forming the so-called 
glycPTuh.'^t constitute the greater part of tlio 
more important animal and vegetable fats and 
oils and the dilferent varu-tios of the waxiw. 

'J'iie lower imunla^rs of tla- series, formie. 


(0) When the calcium salts i&e distilled 
^ with calcium formate, aldehydes are produced, 
but, when distilled alone, the calcium aalts yield 
i keiones. 

(7) Paraffinjf ore produced by the reduction 
of tho higher fatty acids with hydriodic acid, by 
the electrolysis of concentrated solutions of tho 
potassium salts of the acids and by the di8> 
tillation of tho calcium salts with soda lime. 

The various members of the fatty acid series 
arc d^sscribod under their separate headings. 

FAVERSHAM POWDER i’. Explosives. 

FAVIER’S EXPLOSIVE i>. Explosives. 

FAYALITE w. Olivine. 

FAYENCE r. Votteuy and Pobcei.cA 1 N. 


acetic, jiropinnie, acids, Ac., are moliile volatile 
liquids, misctible with w'ater, alcolu*!, and ether in 
all proportiiona. As the number of carbon atoms 
increaaoH, tliey become h'ss soluble in water, more 
oily and viscul, and Icr'S voiatilt-. 'I’lius oonan- 
tUylic {hcptoic) acid insoluble in 

water; cajiric {dfc.ijUv) acid P]oliio^J 2 solid 
at ordinary temperatun-s ; whilst lauric acid 
CigH; 4 ()» and the higher liomologues cannot be 
distilled under ordinary pressure without decom¬ 
position. 

Tho most iin])ortant gcmeral nu'thnda of 
obtaining theso acids arc^ : 

(1) by the oxidation of tlie primary alcohols 
or aldehydes, r.g. ethyl alcohol ^ aeetio acid. 

(2) liy the addition of liydrogen to tho un- 
suturated monocarboxylio aculs, c.g. acrylic acid 
<■>> propionic acid. 

(3) By tho reduction at high temperatures of 
hydroxy-ftcida with hydriodic acid or of halogen 
substituted acids with sodium amalgam, c.g. 
a-hydroxypropionio acid jiropionic acid. 

(4) By heating tlie acid nitriles with acid or 
alkali, c.g. acetonitrile ncct'ie acid. 

(5) By decomposing kotonos through oxida¬ 
tion with potassium jicrmanganate, c.g. penta- 
decylinethylkotono (obtained from palmitic 
acid) •*» pcntailocylie and a<'etic acids. 

(6) By decomposing unsaturated acids by 
fusion with caiLstio potash, c.g. olcio acid 

palmitic and acetic acids. 

(7) By decomposing the mono- and dlalkyl- 
acetoacetio esters with concentrated potash solu¬ 
tion, e.g. diheptylacotoacetic eater —> dihoptyl- 
ocetic acid. 

. (8) By heating dicarboxylic acids, in which 

tho two carboxyl groujw arc in union with the 
same carbon at.om; e.g. dicetylmalonic acid 

dicetylic acid. 

The more important transformations which 
the fatty acids can be made to undergo are as 
follows :— 

(1) Acids and alcohols yield eatera in the 
presence of hydrochloric or sulphuric aeJds. 

(2) The halogens react, producing substitu¬ 
tion products. 

. (3) Acids or their salts, when acted on by 
the chlorides of phosphorus, ^eld acid chloridca 
and oc»d anhydrides. • 

(4) The ammoitium salts of the acids split off 
water and become ocid amides and acid mlriles. 

(5) Primary amines are produced by the 
i^uction of the acid nitriles and by the action 
<« bromine and sodium hydroxide on the acid 
amides. In the latter case, carbon dioxide is 
wplved and the primary amine of the ^ next 
tower acid' is produced. 


FEATHER-ALUM. A name (Gor. Peder- 
alaun) applied by Klaproth in 1802 to the iron- 
alum (FeS 04 -AE(S 04 ) 3 ,241120) now known as 
lialotrichibc {q v.). Like alunogen (q.v.), kalinitc 
(potnsii-alum), j>ickcringite (magnesia-alum), &o., 
it occurs 08 a <ieheately fibrous efflorescence on 
shale and some other rocks ; and it is possible 
that tlieso speeios also may liavo at one time or 
another been included under tho indefinite 
term ‘ feather-olum.’ L. J. 8. 

FEATHER-ORE. A popular term (Ger. 
Federerz) applied to a number of finolv fibrous 
minerals, wiiich possess in common a load-grey 
colour with metallic lustre. Tho material forms 
deli(;ato tuftfl or felt-like masses. Brittle 
* featlier-oro ' is roferablo to jamesonito ( 9 -v.), 
since this jiossessos a good cleavage porpondioular 
to the length uf tho fibres. On tho other hand, 
flexible * foather-oro ’ may bo stibnite (SbgSs), 
plumosito (21-’bS’Sb_,S',), or one of the soveral 
oilier fibrous sulphantiinonitos of load (Spencer, 
Mm. Mag. 1807, 14. 207). L. J. 8. 

FECULOSE is tho term by which the various 
commercial atarcli cj^tcra aro designated They 
arc best formed by tho action of glacial acetic 
acid on starch, and then washing the product 
witli cold water to fro<^ it from uncombined acid, 
by varying tho starch base and tho time and 
temperature of tho reaction, or the concentration 
of the acid, an endless variety of products mav 
be obtained according to tho purpose for which 
they arc requirocb 

Feouloso differs little in appearance or in 
ordinary chemical properties from ordinary 
starch. On boiling with water, it gives a clear 
homogeneous solution which does not set or 
revert on standing, gives the usual blue colour 
with ioflinc, and docs not reduce Barreswirs 
(Fehling’.s) solution. When a little OT the solu¬ 
tion is allowed to dry on a clean glass plate, it 
forms a clear flexible film equal to that of tho 
finest gelatin. Th6 washed feculose is neutral 
or slightly acid, and reacts with most chemical 
i reagents more readily than onlinary staxtsh. 

Uses. —Fceuloso has been described as an 
ideal substitute fur gelatin and v^etable ^oms. 
It has b#cn applied as a special textile finish to 
confer lustre and substance to textiles in the 
form of yam or cloth and also os on excellent 
dressing for linen, lace, and silk. It is also em¬ 
ployed in dyeing and French cleaning; ‘ in 
confectiomy for makii^ jujabes and other 
sweets, and in paper coating as a size in plaoii of 
‘ chromo ’ gjue or casein. The surface prAnoed 
in th e latter qase has excellent printing qualities. 

A permanent solutiog of feoulbse can be 
obtained by varying the original process cd 
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and by variouH subsidiary treat- [ 
ments it can be matlo to fullil a largo range of | 
technical requirt*monts (Traquair, J. Hoc. Chem. ; 
Ind. IJXIO, '2HH; Farrell, J. Noe. J>ycre, Dec. i 
190B). ' 

FEEDING STUFFS. Under tbiH head will 
bo eoTJHidered the pnneipul arlieles in use as ; 
food for live Ht-<jel< 

The iiifiin eonHtilu(;Titn of feeding bIuII-, 
apart from wat-cr, art; (1) nitrogenoiia bodies, 
subdivided iuto ullmnimoul or proieid*Hul)- 
Btanecs and iioiMilbuminoid bodie>f, siidi us 
ainidea ; (li) oil oi fat; (!lj earl loliyd rates, in¬ 
cluding easily diLU'Htilde Hidwtanei^s lik(i sugar 
or Btareh, and iiidigostibh or leas easdy digestible 
bodies of the <-(dltjh)S(* lyji(‘; (<1) the so-eaJled 
‘ minerai ’ eonstitui'iilH uhieli constitute the 
‘ ash ’ left on uieiin'ratiori. TIkti* are also 
frequently nresent ot.luT bodies, such n.s resinous 
matters, eoiouring niutleis, en/ynies. ainl t,nicies 
of glucoside^i atnl orguiiK’ bas.es of the idkuloidul 
tyjpo ; but thes(^ <‘Mst in relatnely .sumll (juun- 
tities, and are usually ignored in eorninereial 
oiialysos. .Small (juantities of luaitral or acid 
organic salts are also found in roots and green 
fodder crojis. 

Albuminoids or Proteins. Thesi' an^ bodies 
consisting of highly eoni|tlcx niolceules built uj) 
by the union of minieious umino-aeids {sir 
article on Froteinh. vol iv.). The various 
proportions in wliuh these ainino-aeids mv 
combined, and tlie presein-c' or absenee of some 
one or other of tlieni in tlu! eoinplex molecule, 
results in there being a large variety of ]>rotcins 
or albuminoids : so that, the ^iroteins in one 
food may possess dilTereiit. }>rop(!rtio‘» from tlioso 
in another food. Tlie albuminoids of wlieat, 
for example, liav<' propertiw which sharply 
disfyinguisli tlieni from those of otiier cereals, 
such os barley, uats, or iiiai/e, and the albu. 
minoids of tho leguminous grains dillor from 
those founil in any dI tlie.st'. The dotuiieil 
study of tlio albuininouls has engaged mueh 
attention at the liands of physiologieul ehemists, 
and is gradually tlirowing light on imicli that 
has been olwcure as U» the relative feeding value 
for different purjiostw of albuminoids derived 
from diffenmt Ronrees. Vraetieal exjierieneo 
shows that a mixed diet is often productive of 
better itisults than a simpler diet wliieh may 
supply the same aggn'gato quantity of nitro- 
genoous matter. Of tho various amino-aeids 
constituting tlie albuminoid molecules, some 
few, such as tryptophane, cystine, ai^inine, and 
histidine, even tliough prwent in relatively 
small proportions, appear to be essential to 
satisfactory nutrition, and an albuminoid 
material lacking in ono of tlu'sn essentials con¬ 
sequently noedfl to lie supplemented by another 
in which the missing factor is jiiwont. For 
example, the albuminoids of maize ap[>ear to 
be destitute of, or poor in, t.ryptopham\ This 
affords an explanation of tho fact that maize, 
while a satisfactory food for stock in conjunction 
with other foods, is unsatisfactory when given 
alone, its albuminoids, owing to tho lack of 
tryptophane, being but imperfectly asfimilated. 
The addition, however, of a small quantity of 
otUei**{ood containing albuminoids of wnich 
tryptophane happens to be a . ^nstituent, 
renders the maize ^tein oesimilabK mid 
WaUes the animal to obtain ih» fuU advantage 


of the feeding matter contained in the mane. 
Albuminoids consist of carbon, hydrogen, 
03 tyeen, nitrogen, and a small quantity of 
Buf^nr. On the average, they contain 16 p.o, 
of nitrogen, and are usually calculated from the 
nitrogen pn'sont on this asBumption. In some 
foods (.Yce infra) the proportion of non-albuminoid 
nitrogenous compouiuis is sullicicnt to make it 
dfisinible to Hcparatc theso in analysis, and to 
calculate the alhuniinoids from the true protoid 
nitrogen only. Jbit in most concentrated foods 
it iH conventional and Hufheiently near for 
practical purposi'.H, to calculate the albuminoids 
by multiplying tlie total nitrogen present by 6'26. 

Tlio chief function of albuminoids in food is 
to build up tlio nitrogenous tissue of the growing 
animal, and to replace the daily nitrogenouH 
waste due to the normal processes of meta- 
holism. Hence they have long been called 
‘ ficHli-formers,' in i’(jntradiHtinetion to fat and 
carboh\dratos AlbuniinoidB, however, are also 
caj>al)lo of being partially transformed into fat, 
an<i aJ.so of generating heat and motive energy 
I by their oxidation. TheBc functions, however, 
are mainly performed by fat and carbohydrates. 

Tho digestion of albuminoids is effected 
, mainly by tlie action of pepsin, ecerotod by the 
* 8tonia( h and of trypsin, which is a constituent 
of the ])ancreatie jinee. Bv the-sc ferments, 
they are eonvoried into aolublo bodies, peptones 
ami aibuinoBos, and finally broken down into 
their constituent aminu-HCids, which are then 
absorbed into tho animal bystem, forming the 
matonnlB for tho reconstruction of the various 
proteins or albuminoids of the body, or used 
din’<!f.ly for the production of energy. 

The non-albuminoid nitrogenous constitu¬ 
ents of food, chiefly amides, are soluble anti 
need no diirestion. They do not form muscular 
tissue, like the albuminoids, but they yield heat 
and energy, and to Bonie extent hel]) to preserve 
the nitrogenous constituents of the body itself 
from waste. 

Oil or Fat, A large number of fats are found 
in vogetable tissue. For the main part they 
are triglycoridus of one or other of the series 
of bodies known as the ‘ fatty aoidfl ‘ ; hut they 
alBo include in some case^ small quantities of 
wax or fat in. which the glyceryl radical is re¬ 
placed bv that of some solid alcohol like phyto- 
.“tcrol. Lecithin, which is present in small 
quantities in setno vegi'tablc subetances, is a fat 
containing nitrogen and phosphorus. In the 
analysis of feeding stuffs, toe matter extractable 
by ether is usually assumed to bo fat. though in 
the case of some foods small quantities of 
resinous bodies are included in tho extract, as 
well as chlorophyll. 

The function of fat as a food is to build up 
the fat of the body and to furnish heat and eneigy 
: on its oxidation or combustion in the blood. 

Fat is digeeted and rendered absorbable into 
the blood mainly by the action of bile, aided 1^ 
the pdcreatic secretions and those of various 
intestinal glands. 

Carbohydrates. Sugars of various types 
occur in feeding stuffs, sometimes in insignificant 
quamtity, as in ordinary grain, sometimes in 
laim quantity, as in some roots, the feeding 
value of which lies prinoipaUy in these eon- 
I Btitnents. Thus mai^oidB and beets contain 
sucrose or cane sugar, turnips contain 
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dextroBO or * gr^pe sugftr.’ In addition to au^an | 
of tbe hexose type, some fodder plants yield i 
Busais of the pentoee type. Sugars, being 
s^ble, need no ^digestion.’ 

Starch, wliiob U practicallv perhaps the most 
important of the carbohycLratee, consiste of 
organised coUs which are insoluble in cold water 
though capable of being gelatinised and partially 
di8smve<l by boiling water. Starch is con¬ 
vertible by mineral acids into sugar (dextrose}, 
and is reeolved by certain ferments, both 
vegetable and animal, into the soluble bodies 
maltose (malt sugar), and dextrin, a viscous 
bodv devoid of sweetness. The latter resolu¬ 
tion is effected by the ferment ptyalin in the 
saliva, and also by a ferment contained in 
the pancreatic juice. The acid soerotions of 
the stomach also act on starch, and the maltose 
and dextrin are further modified into dextrose 
during passage tlirough tlio intcHtincis. 

Cellulose. Numerous siihstancos are grouped 
under this head. TJio typical form of cellulose 
is cotton. Material of tliia nature forms the 
coating of vegetable cells, and cons«iqucntly the 
whole ‘skeleton ’ f»f a plant. Hut it is modified 
in oomposition in different tisHues, and sometimes 
partially assumes a woody form, as in straw and 
hay. In food analyses, the various fornw ol 
oeJiuloeo are called ^ fibre,’ and aro detormim^d 
by boiling the food auccessively in weak mineral 
acid and weak alkali, and extracting with 
alcohol and other. The residue is usually 
described as ‘ fibre ’ or ‘ crude libre,’ or some- 
times as ‘indigestible fibre.’ The lust descrip¬ 
tion was given on the assumption that the 
artificial digestion referred to was equivalent in 
ultimate effect to the digostivo proccBscs of the 
animal. But modern rcsaeurch has shown that 
bodies of the cellulose type which resist the 
solvent treatments referred to are to a variable 
extent partially digestible, oapocially by rumi- 
nantB. This digestion is probably mainly 
effected by the action of bactc'-ria in the largo 
intcfltinc. A ruminant can digest much more 
QoUulosc than a horse, and a horse much more 
than a pig. The very tliorough mastication of 
the ruminant better prepares the fibre, for such 
digestion as is possible than does the imperfect 
mastication of the home or the still more im¬ 
perfect mastication of the pig, a^art from the 
anatomical differences In tlic digestive tracts of 
the respetitivo animals and the .relative abun¬ 
dance of hoctoria capable of effecting cellulose 
digestion. How much tho pliysical or mechani¬ 
cal condition of the fibre has to do with its 
digestion has boon demonstrated by Kellner, 
who found that, when straw fibre was dis¬ 
integrated by boiling with soda lye under pres¬ 
sure (as in the preparation of fibre for paper 
making), tbe fibre had a digestibility coefficient 
of 56 to 00 p.c., whereas, in the unprepared 
straw, it was o^y 42 p.c. But tho ene^y 
spent by the animal in the partial digestion 
01 some forms of fibrou^ foods ■ son^times 
exceeds the energy-producing value oi tho 
material digested, so th%t the result of the 
<Ugcstion process may sometimes be of even 
negative value. 

Other insoluble carbohydrates are those of 
pentosan t3rpe, which yield pentose sugars 
o n tona tment with ooidi, bnt uie conditions 
offeoting their d^estion are not nndeatood, 
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and the feeding value of the pentoses wbioh 
they yield is probably small. 

The funcuon of oarbohydratea is to supply 
the main quantity of fuel for the generation of 
heat and the pr^uotion of mechanical force, 
and, when those necessary requirements ore 
fulfiliod, tbe excess serves to build up fat in 
tho body. 

Mineral matters, or ‘ ash oonstitnonts,’ are 
t;Iu^ rosidui^ left on incineration of the betero- 
gono(^H moss of organio compounds and salts 
contained in the food. Probably most of tho 
‘ mineral ’ matter thus obtained exists in the 
food in organic combination. The chief oon- 
stitneuts of the ash ore phosphoric acid, sul¬ 
phuric acid, caloium, potassium, and m^neeium, 
with smaller quantities of iron, sodium, and 
chlorine, and traces of ffnorine. Silica is also a 
large constituent of straw', and is found in grass. 
Other oloineut.s aro no doubt commonly present 
in rninutc’^ traces. 

Tho function of ‘ mineral ’ matters in fo<^ is 
to build up tho main substance of the animo) 
Hkolcton and to jirovido tho material necessary 
for forming the saline constituents and inononio 
acids ()f tho blond, gastric juice, and other fluids 
and Hooretions of tho body, as well os to supply 
elements, such as phosphorus, sulphur and iron, 
which form integral parts of the blood corpuscles 
and of muKCular and other tissues. 

The general composition of some of the 
various feeding stuffs in common use is stated, in 
tho accompanying tabb«. Tlic items given are 
moisture {i.r. loss on drying at 100“C.), oil (ether 
extract), albuminoids, digestible carbohydrates, 
fibre and mineral matter (ash). The term 
‘ digestible ’ os applied to carbohydrates here 
merely means rendurod soluble during the 
process of succEwsivo boiling in weak mineral 
acid and weak alkali (for details sec Methods of 
nnnhjJiiH, ivfra). The Question of actual 
digestibility bv tho animal will be considered 
further on. I'he term ‘ albuminoids,’ except 
where otherwise spc^cified, means total nitrogen 
multiplied by 6-25, as is conventional for the 
pui 7 >o.sc of commercial analysis. It has bean 
already pointed out that the whole of the 
nitrogen in foods is not present in tho proteid 
form, some portion being in the form of amides 
or similar bodies, but that in what are generally 
called ‘ concentrated ’ foods, such as seeds and 
aef)d products, the proportion of non-albuminoid 
nitrogen is relatively small, and not worth 
differentiation for the ordinary practical pur- 
posoa of comparison of one sample with onouier. 
For instance, in barley, oats, maize, wheat, and 
rye, the actual all^minold nitrogen is from 90 
to 96 p.c. of the total nitrogen; in cotton coke, 
linseed cake, and ground-nut cake, and in , 
brewers’ grains, about 9fi p.c.; in peas and beans, 
about 90 p.c. ; in rice meal (rico bran), about 92 
p.c.; an^ in wheat bran, about 86 p.o. In straw 
(a ripened stem, it may be noted), tiie proportion 
is about 90 p.o. In meadow hay it is leas, 

I namely, about 87 p.o. In young or immat u r e 
I grass or clover, the proportion is only from 
I about 70 to 75 p.o., and in Ri^oas or dover pro- 
! served in^be moist state as suoge it may be onty 
I 50 to 60 p.o., owing to portw <iliwradat| 0 B» m 
) the albuminoids by lennentatiozL Ia rooti^ the 
j proportion of albuminoid to toted nitrogen may 
i Uill bdow 40 p.0. (as in sftuigolds). In ‘bmlpa. 
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Aftrroto, and potatofifi, it is from about GO to 00 
p.c.^ and in cabbagow probably about 70 p.c. 

Before n^ferring to the tabulated statement 
of compoKition of varUma foods, the rcoiler should 
bear in mind that llu^ analy^^ea given arc in most 
caeoH tyjjjeal only of the AViTagc eoinj)OHjtion of 
each, »ind tlmt \-onsidctablo {hflercnet'S occur 
between difhTcrit Hainfij(^«, which is, indiipcl, the 
reason why many cf them arc ordinarily Hub- 
jec’tcd to analysis for the purj)OHC>H of <‘oniim'i'ciul 
traiiHoctions. 'rheae variations are oftei^ con- 
Hiderahle cv(‘n in ifatuial grains such as oafs, 
hut are cHpecially notable in the cose fit what 
mav be called ‘ manufactiinsl ’ feeding stuffs 
such as oil cakes. 'I’lie fiM'ding valuf; of thcM* is 
largely aflected liy the extent, to whicli the oil 
has been pressed from tin* seed. I’hus Jinseeil 
cake, if lightly jiressed, may coutum IH or id p.c 
of oil. Under medium piessui'e, it. may ei'nlam 
12 p.e.. and would still be regarded as neh in oil. 
Very cfimmonly it is pres.sisl down to 10 ])C., 
while very Inawily jiri'ssed cake ho-s oltcn only 
7 or 8 p.c. of od, and HonieiimeH, though jarely, 
as little as G or d p.<’. Sonif*tini(5s (or often in 
the cose of cotton cake) the cake is grouiul and 
sold as meal. In such ctvses, it is <'sj»eeially 
imjKirtant to have n'gard to the oil, os oil is 
largely extracted from sonio seeds, not by 
jiresHuro. but. by exhausting tlio lini'Iy ground 
seed witli ii voliitilt' solvent such as [a'liolcum 
Hjurit, in which case it may have only 1 ]i e. of 
oil. This jirocesH is largely applitai to rape seed, 
soya beans and ]ialm-kernels. Again, in the case 
of linseed or rafii' cake, the jicrcontago of alliuini- 
noids varie-s largely with the variety of seed from 
which the cukc is made, liinseod cak<‘, made 
from East Indian linseed, may cobiam from 
about 25 to about lit) p.c. of alhuiuinoids ; (‘ake 
from Kussiun linseed, about 27 to about J15 p.e. ; 
whilst ouko niado from American Westorn linseed 
Homotimes contains ni'arlv 40 p e. of alburninoida. 
The ooinpositiun of undecortieated cotton-secfl 
cake varies according to whether it is made from 
tho largo smooth J'lgyjitian seed or from the 
small thick-shelled aiul cotton-coated Indian 
varii'ty. In the cose of deeortieiitcd cotton¬ 
seed cake.—mivdf' from Amonean woolly seed | 
stripped of its liusk or ‘ liiill ’—the quality of ; 
the cake or meal depends largely upon the i 
perfection with which the shelling process has I 
l^n carried out. OfUm the* separated shells | 
are ground and partially put back after tho 
decorticated seed nas beim crushed in ilie mills 
and tho cakes reground to meal. Some ffiods 
are residual portions of grains, tho main part of 
which is used for human food—as, for example, 
wheat-bran, rice meal (rcal|y rice-bran), and 
numerous foods luado froui various friwtions 
of tho maize kcmol. These are neecesarily of 
variablo compoeition, accorrling to the method 
and decree oi separation from tlie other parts of 
tho grain. , 

Owing to tho importance of albuminoids in 
feeding, and to their special value for milch 
QOW8, and for balancing the natural poverty m 
olbuzninoidB of natuml fodders such os roots, 
‘ cfMioeintrated ’ food stufis are sometimes graded 
oooo^ng to their riehnefiA in albfiminoids. 
Tlli|lmd 0 oorticated cotton cake or meal, ground- 
nntfJw^vs) cake, and soya- bean ca£:e or meal, 
may be dei^cribed aa very rich in ‘albuminoids 
(40 to 60 p.c.); linseed oake and rape cake as 
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rich (say 25 to 35 p.e.); undecorticated cotton 
cake, beans, peas, and dried brewers' grains as 
moderately rich (20 to 25 p.c.); whilst wheat, 
oats, rye, barley, maize, feeding flour, rice meal, 
bran, pollards, and millet, would be described 
08 relatively poor in albuminoids (10 to 18 p.c.). 

Jn the ease of fodder crops, sucli as grass and 
hay, th(' composition varies much with tho stage 
of growtii at winch they are cut, as well as 
witli tlic Hj)ecics of plants which constitute 
them. 

The relativ<! inanurial value of the excreta 
yiiiided by the consumption of feeding stuffs 
depends Jargi'ly on tho proportion of nitrogen 
they contain, and to a minor extent on the 
pliosjilionc acid and ]) 0 taHh contained in their 
a.sh. This aspect of thoir value is too complex 
to be entered iqion hero. A very full discussion 
of this ]>art of tlie subject by Voelckcr and Hall 
in the iiglit of modern investigation, especially 
wit h regard to the quc.stion of compensation for 
iinc.vhaijstcd inanunal value under tho Agri¬ 
cultural Holdings Act, will bo found in the 
.lournal of the. Hoyal Agricultural Society for 
hm and 11)13. 

Digestibility of feeding stuffs. It never 
hai)p('nH in practice tiiat an animal digests tho 
whole <‘veri of the jidtcntially digestible matters 
in its food. Tho^juantity digested dopcnclH not 
: only on tho inliorent potential digestibility of 
tlie food, but also on f lic spocicR, age, condition, 
and individual constitution of the animal, and 
the quantity and quality of the food supplied to 
it. A large? niiniher of cxpcniuenUi have, how- 
ever, bivm enrned out, chiefly in Germany and 
in America, to ascertain as nearly aa is practi¬ 
cable tlu' proportion of the various kinds of 
nutritive matter actually liigcsled in most of 
tho (coding Stull's in use on the farm, the experi¬ 
ments having been ma<l(' with tho various farm 
animals, ruminant and non-rurninant. Tho 
compoHilion of tho food siqiplied to tho animal 
is ascertained by analysis and its quantity 
woighnd. I'ho fteees an? collected, weighed, 
ami analysed, and the dilTerence gives tha 
quantity of each constituent digested. Tho 
experiments are earned on for a sufliciont length 
of time to eliminate as far as possible errors duo 
to previous feeding, the results for the first few 
days being n^lectcd. Tho results, especially 
in tho ca.Hc of poor and bulky fooda, are vitiated 
to some oxt(‘nt,by such of the secretions of the 
alimentary canal as are voided with the excreta ; 
while tho results obtained with concentrated 
foods are complicated, and probably vitiated 
i by tho fact that sucli foods, in the case of rumi- 
1 nanta, must necessarily be mixed with largo 
ipiantitios of bulky fibrous fodder, any varia- 
! tions in the digestion of which, brought about 
j by the different conditions of feeding, become 
' crtHlited to the account of the concentrated food, 

I which cannot be tried by itself. Despite these 
‘ arid other sources of inexactnoes, the study of 
tho results of a niSmber of experimente gives 
the nf^rest approach we can get to a faithful 
eatimate of what proportions of albuminoids or of 
fat or of carbohydrates will probably bo digested 
and utilised in the average circumstanoes of 
farm feeding, and muoh credit is due to saoh 
investigators as Kuhn, Wolff, Kellner, Zunts, 
Armsby, and others for their long and patient 
labours in this field of work, in which the pursuit 
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Ava&aob or Typical OoMPoamoN op Somh Concewteateid Fbhdik'o Stuffs. 


— 

Moisture 

Oil 
or (at 

Alba- 
minoidB 
(=total 
nitrogen 
XO 25) 

Digest¬ 

ible 

rarbo- 

hydrates* 

Fibre 

Mineral 

matter 

(aah) 

Sand or 
sllloloua 
matter 

In aah 

Cotton cake, decorticated 

9-0 

11-5 

44-0 

23-0 

S-S 

7-0 


Do., do., undccorticatod, from 








Egyptian seed 

1.T5 

6-6 

22-5 

33-0 

19-0 

65 

0-4 

Do., do., from Bombay seed 

120 

4 5 

•19-0 

35-5 

22-U. 

70 

1-5 

Soya-bean cako 

12 5 

7-0 

42-0 

28-6 

4-6 

6-6 

0-6 

Earth-nut (ariichis) cake, do- 








corticated .... 

9-0 

10-0 

61-0 

21-3 

3-5 

6*2 

1-3 

Do., do., undecorticat(5d 

8-7 

8-2 

32-0 

24-0 

21-5 

5-0 

1-5 

Litisoed-cake .... 

11-5 

11-0 

28-0 

34-5 

8-5 

6-6 

1-0 

Simflower-sccfl cake 

7-0 

10-0 

30-5 

24-5 

21-0 

7-0 

1-0 

Poppy-seed cake . . 

10-5 

S-5 

38-6 

2()-o 

9-0 

13-0 

1-3 

Rape cake .... 

10-5 

lU-0 

330 

2»-8 

0-0 

7-7 

2-0 

Sesame' cake .... 

!)•() 

12-0 

39-0 

23 0 

50 

12-0 

20 

Beane, English 

14-() 

1-5 

25-5 

49-5 

6-6 

30 


Peas, do. 

14-0 

1-7 

22-5 

53-3 

6-6 

3-0 

_ 

Coooanut (copra) cako 

9 0 

10-0 

21-0 

42-5 

12-0 

5-5 

0-3 

Palm kernel cako or nn'al (]>roshi‘d 








—not solvent-('.vlraoU'd) 

10-0 

9-0 

in-0 

41-2 

20*0 

3-8 

_ 

Do., do., Btdvont-oxtracted 

lO-O 

1-8 

171 

450 

21-7 

4'1 


Dried brewers’ grains 

lO'U 

7-0 

20-0 

42-5 

10-0 

4-5 


Wet do. do. 

7{b0 

1-8 

5-3 

11-4 

4-3 

1-2 

_ 

Wheat bran. 

llbO 

4-U 

H'O 

55-5 

8-0 

5-5 

__ 

Do. jiolUrda 

l'J-0 

5-0 

10*0 

57-0 

5-0 

4-0 

_ 

Do. middlings 

12-0 

4-0 

10-0 

01-0 

4-0 

3-0 

_ 

Wheat ..... 

13*5 

1-9 

12-0 

08-9 

10 

1-8 

_ 

Oats ..... 

i:ir> 

4 5 

ll-S 

58-5 

9'() 

30 

__ 

Ryo. 

13-4 

1-7 

11 -r. 

r»l)-5 

]-9 

2-0 


Barley ..... 

14-3 

2-5 

II-O 

()5-2 

4-5 

2’6 


Mair.o ..... 

i:)-o 

4*5 

10*0 

(i9-(J 

1-5 

1-4 


Rico meal (»r rice bran, Rangoon. 

8*5 

15*5 

12-5 ^ 

48-7 

0-0 . 

8-8 

1-8 

Do., do., English . 

100 

10-0 

11 5 

64-U 

6-ft 

8-0 

2-4 

P'lsh meal • . 

14 0 

6S 

r,:ro 

__ 

•5 

2r)-o» 


Dried yu.^t , 

7*4 

1-0 

45'5 

33 9 

2 2 

io-o 



‘ Ciiitilly cAiciuiu pUuMphate uud a littk- tialt. 


Average or Typical Composition of Moist or Bulky Farm Fodders.* 


• 

Moisture 

on or 

fat 

Nitrogenous 

substance 

Digestible 

Fibre 

Mineral 

matter 

(ash) 

Albu¬ 

minoid 

Non- 

albu- 

niliiold 

<y»rbo- 
hydratei > 

Pasture CTagg 


70-7 

0*9 

2*9 

M 

10-9 

5*2 

2*3 

Clover (^out to flower) 


810 

0-7 

2-0 

0-8 

8-1 

5-2 

1-6 

Meadow hay, rich 


15-0 

2-3 

10-2 

1-8 

39-5 

24-0 

7-2 

M M medium. 


1,^-0 

2-2 

8-0 

1-2 

42-0 

25-4 

0-2 

» .. poor 


14-0 

2-0 

6-3 

0-6 

41-1 

31-0 

6-1 

Clover hay, medium 


10-0 

2-6 

10-6 

2-6 

37-2 

260 

6-3 

Oat straw . . , 


14-5 

20 

4-0 

37-0 

30-8 

6-7 

Wheat straw , , 


. 13-6 

1-3 

3-3 

39-4 

37-1 

6-3 

Barley straw 


14-2 

1*6 

3-5 

39-1 

30-0 

6*7 

Bean straw , 


18-4 

11 

8-1 

31*0 

36-0 

5-4 

Pea straw . . 


13-6 

1-6 

• 9-0 

33-7 

360 

6-6 

Maize, silage . . • 


79-1 

0-8 

1*0 

0-7 

110 

6-0 

1*4 

Mangolds, large . 


8f-0 • 

0-1 

0-4 

0*8 

7-7 

10 

1-0 

,» small . , 


87-0 

0-1 

0'4 

0-0 

10-2 

0-8 

00 

Swedes , . , 


89-3 

0-2 

0-7 

0-7 

7-2 

M 

0-8 

Turnips . , , 


91-5 

0-2 

0% 

0-5 

5*7 

0-9 

0*7 

Potatoes 


76-0 

0-2 

1-2 

0-9 

21*0 

0-7 

feiO* 

Pieid cabbages • • 


85-7 

0-7 

1-7. 

0-8 

7-1 

2-4 

1-6 

CaiTot. 


87-0 

0-2 

0-7 ^ 

0-6 

9-3 

• 


14) 


'dlgBiUbla' te bore fount dlnolved by 000^0170 boEUog In odd ond olkoU (m< AfetJuds «/ onofiwCf. 
" OontillMf Ahui^ trom arensu ulenUtod and Ubulated by B. Warloftoo. 
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)f truth is impeded by ko many pitfalls and : 
)bstaoleB. Ruminants have a better power o! 
iig«tion than horHes, (jHpecially for fibrous 
foods, and in Huh roMpocb horaos arc better 
ligostere limn Tim following figuriw, 

5 Xtrai-to(l from a tablo compiled by Kellner, 
jhow tho average niwiilt-M obtainod with ruminant 
wimalH ofl rcgiuds lim quantity of alburrimoids, 
fat, ‘Holublc’ cariiohydratcR, and fibre, out of 
|(K) parts of tmcli of tlieso constituents, wluui 
iuiipliod in tlie form of tlio iiioro, common 
foiling fetulls. By ’ solulde ’ carbohydrates are 
lioro meant those cJisHolved by siuM-(s?<ive 
boiling with dilute aci<l and dilub* alkali, iiHuallv 
Lerinod in commercial analysm ‘digestible. 
As tho latter word would heie be ambiguous, tho 
•iltomative t’Orin ‘ soluble ’ is used. (In (i(“rman 
works this iU^m of ‘ sfdubh! carbohydrates is 
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usually rendered aa ‘ nitrogen-free extract.) 
It wiU be noticed that with some foods, t^ 
experimonte have boon too few, having r^ard 
' to the difficulty of such work, to lend any very 
! strong validity to the figures, in other ^es, 
the numl)er of trials engenders more confidence 
in tho jirobablo general truth of the average 
figures, but it will bo seen oven in these cases 
that the range from minimum to maximum 
quantities digested in the oxi)crjmeiits averaged 
IS Komctinies wide. _ 

Energy equivalents of feeding stuffs. The 
; ult imate physiological value of any food consti- 
' iuent IS largely dependent upon the quantity of 
’ l)otontial emugy proihiciblc by its oxiilation m 
the svstom, or by the oxiilation of tho equivalent 
body .•ul>Htancc that it roplacc.s. This energy 
may he manifest in maintaining the. heat of tlio 


AvKRAaiE Results oe Feeding Exterimkkts on ['’arm Animals. 
MatifTfi di(i<'sif^d oui oj 100 par/.i oj each constituent when .mpf>l>ed in the feeding 
apedjird in thejirai column {from Kdlnvr), 


Cotton cako, decorticated 
Cottou oako, undocortioatod 
Soya beans . 

Ckurth’Uut (arechis) cako 

Liusoed cako . • • 

Sunfiowor-seed cako 
Poppy-sood cako 

Rape cake . . 

Beam . 

Peas . » 

Sa&am(f cako . 

Coooanut (copra) oakc 

Palffl-komcl moal . 

Dried brewers’ grains 
Weft „ n 
Wheat bran . 

OaU 

Barley . • 

Maize . • 

Rloe me&l or rice bran 
Paature grass (April—May) 

Meadow arms (June) 

>, n (October) . 

Mtiifeiw Itay, rich . 


J Range 
(Average 
\ Ilango 
■j Average 
I Ilango 
j Average 
\ Range 
) Avorago 
iilallKl) 
j Avemgo 
Average 
Average 
I Range 
j Average 
I Ilango 
] Average 
I Ilango 
^ Average 
Average 
4 Range 
j Average 
( Range 
I A vorage 
i Range 
) Average 
i Range 
I Average 
4 Range 
j Average 
\ Range 
j Average 
i Rango 
^ Average 
» Rango 
J Average 
V Range 
j Average 
i Range 
I Average 
Average 
Aforage 
(Range 
I dverage 




‘ fiolnb'e’ 


Number 

Fat 

KCUOUS 

{-arlio- 

Fibre 

of Hives* 

BiitiHtanco 

hvdrates 


itgations 

03-100 

8-4-90 

44-71 

0-100 

j 14 

94 

80 

07 

28 

gfk-lOO 

72-77 

46-60 

2-24 

1 '« 

03 

77 

62 • 

IB 

80-04 

87-01 

02-70 

0-71 

I 4 

90 

89 

00 

30 


80-97 

09-98 

09-98 

0-32 

( ’ 

90 

Si 

84 

9 

8(5-97 

80-90 

60-90 

0-92 

I 

92 

80 

78 

32 

B8 

90 

71 

30 

4 

92 

70 

04 

61 

3 

(50-94 

flfl-92 

66-86 

0-34 

1 7 

79 • 

81 

70 

8 

s ’ 

50-100 

77-100 

62-100 

0-99 

1 30 

83 

87 

91 

58 

55-75 

83-90 

93-04 

26-66 

( 4 

or. 

86 

93 

46 

1 * 

90 

90 

60 

31 

4 

90-100 

70-84 

80-86 

54-73 

1 5 

97 

78 

83 

03 

i 

94-100 

72-77 

76-79 

25-54 


98 

76 

77 

39 


81-93 

03-78 

61-07 

19-77 

( 19 

88 

71 . 

60 

48 

84-89 

71-74 

60-74 

33^5 

( 

80 

73 

62 

40 

51-100 

61-100 

40-88 

0-58 

I 

71 

79 

71 

20 

03-100 

67-94 

66-94 

2-47 

1 46 

80 

76 

76 

28 

78-100 

63-77 

87-96 

— 

( 4 

89 

•70 

92 

— 

\ ^ 

81-99 

68-84 

87-100 

46-100 

( 23 

89 

72 

95 

58 

82-87 

48-65 

67-92 

0-51 

1 - 

85 

. 57 

• 80 

15 

03-68 

' 71-79 

76-84 

70-75 

1 4 

66 

76 

79 

73 

5 * 

62 

70 

76 

66 

2 

46 

68 

61 

62 

4 

46-68 

60-78 

66-76 

53-60 

( w 

67 

68 

68 

63 

5 
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AvaiuoB Rbsults oi Fbbdtno KxntRiMUNra ok Fa&m Ahtmals—« wKn«d. 


12S 


Meadow hay, medium 
„ „ poor 

Clover hay, beat 
„ ,f medium 
Oat straw 
Whedt straw 
Barley straw 


Bean straw 

Pea straw 
Green maize plant 


Mangolds 

Swedes 

Turnips 

Potatoes 

Cabbages 


a.i silage 



Pot 

* 

Nltio- 

geaeus 

aubstauce 

* Soluble ’ 
car bo* 
hydrates. 

Fibre. 

tlumbv 
of InvM* 
tigatioBB 

\ Range 

_ 

40-07 

63-73 

50-71 

1 104 .4. 

} Average 

51 

57 

64 

69 


^ Range 

— 

35-(U 

40-05 

46-64 

( 34 

^ Average 

49 

60 

60 

66 

K Range 

41-74 J 

GU-71 

63-70 

38-^4 

1 •» 

'I Average 

iVi 

05 

70 

49 

V Range 

33-63 

48-50 

67-09 

38-52 

1 46 

^ Average 

53 

54 

04 

46 

\ Range 

14-51 

12-50 

33-55 

42-00 

( " 

^ Average 

30 

33 

40 

64 

1 Range 

17-14 

0-20 

20-40 

42-69 

( 

/ Average 

31 

4 

37 

50 

^ Ranao 
^ Avciago 

35-43 

17-27 

38-57 

63-68 

i 7 

30 

25 

63 

64 


\ Range 

40-00 

45-64 

04-73 

34-63 

( « 

1 Average 

57 

49 

68 

43 

Average 

40 

60 

64 

62 

2 

Average 

72 

65 

73 

67 

16 J 

{Range 

05-00 

22-07 

65-77 

66-83 

( 26^ 

^ Average 

«0 

61 

07 

71 

\ Range 


44-89 

91-100 

0^3 

^ 22 

^ Average 


70 

95 

37 

S 

Average 

93 

02 

90 

T 


(Range 

T 

67-90 

88-97 

luO 

1 10 
s 

^ Average 

73 

92 

61 

\ Range 

J Average 
Average 


23-88 

51 

82-99 

00 

T 

1 30 

84 

80 

96 

74 

2 


body, or in the inccluuiical work t-neeied in the 
various movements of the body, including loco¬ 
motion, tlie pulsation of the heart and oirculation 
of the bloocf and tiie uicolianism of respiration 
Not a little of tho energy latent in coarse fo<ider , 
IS expended in tlie mere work of uiosticatioH and j 
tho other mechanism of digestion. Tho excess | 
of digested food over that portion spent in j 
maintaining the temperature and eitocting the 1 
movements incidental to quiescent oxistenee, is i 
stored up as body inonsase (as in a fattening ox} j 
or used in tho production of tlie fu'tus or of | 
milk (os in the case of a cow). In tlio ease of a j 
working animal, such as a horse, tho excess of , 
food digested is spent in the production of ] 
external meclianical work, such as traction : and | 
BO, of course, with a ploughing ox. Tho ulti- | 
mate potenti^ energy of a food-stuff is moasur- 
nble by the heat generated by its oomplete com¬ 
bustion in oxygen, now usually determined for 
experimental purposes hy burning a weighed 
quantity of the material with compressed oxygen j 
in a steel bomb immemed in a known weight of ! 
water, and-measuring the rise of temperature; 
imported to the water. Expressing tho results ' 
of such determinations in large calorics (a largo 
calorie being the heat neceBsary to raise 1 litre i 
of waiei 1 degree centigradel^the combustion of ! 
1 gram of each of the following food constilpoiite , 
•a found to give approximately heat as un<^ 

Oil or fat , . • 9*4 


In 


Proteins 
Starch or ooBulase 
Cane sugar 
liextrose or glucose 
Milk engar . 
Aflpan^ne 


. 41 
. 4-0 
. 38 
. 3-9 
. 3*4 


aninialH, only a jxirLion of the theoretical poten¬ 
tial energy, as iiidioatod by their combustion 
heat, is w-alisod. fii tho iii-st place, as we have 
ivlready seen, only a fractional part of the food is 
digested, and oii)y tlie digostihle part can yield 
energy, furthermore, the oxidation of the 
digested matter is incomplete. The oxidation 
of comjileU'ly utilised proteins goes no farther 
than ilio production of urea, and, although tho 
great bulk of tho carbon of utilised food is 
exhaled m tho completely oxidised form of 
carbonic acid, a portion is also given off in tho 
unoxidiaed form of hydrocarbon gas or mothane. 
In order to ascertain the energy either actually 
realised or potentially stored by the animal from 
a given diet, it is necessary to feed it in a respira¬ 
tion chamber litbofi with such applianeoe that 
tho fieces and urine can bo separately collected, 
and the whole of tho gases expired during tho 
experiment collected and analysed. Tho heat 
or combustion equwalent of the food consumed 
iH determined on accurately sampled portions of 
tho doily diet. A similar determination in the 
dried feeces gives, by deduction, the potential 
heat energy in tho food actually digested. A 
combustion of the dried residue of the urine 
voided and a measurement of the carbonic ooid 
and water produced by combustion of the dried 
unoxidised gases exhaled from the lunn and 
otherwise, give the data for deducting the fuel 
energy cc^reaponding to these footon, and so 
the real or potential energy generated or stored 
in the animal is determine. 

In ordef.to trace the disMitlon of this 
energy, it is necessary, ii^ai^iion So tim fore* 
going determinations, to weigh ocouratdy tiie 
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water aa well as the dry food consuinod, and to 
determine accurately all moisture given off 
by tho animal in facea, urine, breath, and 
perejiiration, and alao lh(5 carlionic acid evolved. 
By means of doln^atcly conatniuted reapiration 
(lalorimetric chiimherM, it la iiossiblo to make 
very ('xoct determinationH of the actual heat 
])roduced in or liy the animal during the experi- 
n»ciit, and from llie whole of Hkj data obtainable 
t.o caic«ltit<>, not only what fraction of Uio total 
proteids, fat, and carbohydralOH has *’ Ikmui 
( bgestod, but liow much of them hae been stored 
up in tile form of fk^sh or fat, and liow much is 
expended in what may bt' called inain!enanc(i 
energy and lieat production. Some foods, such 
as hay, and »«j)«‘cially straw, re(juir(i so niucli 
energy for tlieir muHtication and digestion tliat 
only a relatively small ])orti()n of the actually 
digeBt(id nialt<T may !>(» available foi increase of 
tissue or fat formation, or for tlie production (in 
a horse) of ('xtemal work, a cnm])aratively large 
quantity of heat being jirodmed. In concen¬ 
trated, easily digestible foods, tlie loss of energy 
i®twoc!i administratiim of the food and storago 
us floeh or fat is much less. 'I'iius, Kellner Ims 
shown that, in tlie ease of a fattening ox, only 
41 p.o. of thii }iotentiHl energy in a jiound of 
digested stareli is lost or used m converting tliat 
wliieh eorrespomls to the nunamder into tut or 
other tissue. In the digested portion of nioiulow 
hay, the loss of energy involved m digestion and 
iissimilatiun was ovi'i* HS ji.e. ; in that of oat 
straw, b'JI'4 ]>.e.; and in tliat of wlu'at straw, as 
much as H2 ji.e. .Similarly, Zunt/. found in the j 
ease of tho horse that only from Id to 15 p.o. of J 
available energy was consuim'il in tlie processes i 
of digestion and assimilation in the ease of : 
niair.e, beans, and oats, tlie remainder being ( 
available for the ]>(‘rfonnanoc of externw 1 
moclianical work, while in the case of hay, the 
mere process of digestion ami assimilation of 
the digestible portion oonsumod from 50 to 
W) p.u. of Llio potential energy of sueli jiortion, 
leaving only from 4d to 50 p.c. available for 
'work.’ In the case of straw, tlie energy ox- 
ponded by ilu' horse in mastication and digestion 
was found to bo oven greater than tho whole of ' 
the potentiiU energy in the portion digested, 
showing, apparently, that straw has a negative , 
food value lor horios, I'sccpt os a ‘ lillor ’ and i 
diluent for more coneentrated food. 

Albuminoid ratio. By this term is meant 
the ratio of digestible protein or albuminoids to ! 
the digeetiblo fat and digestible carbohydrates 
in the food. In order to state this on a uniform ; 
basis, fat is converted into its appro.ximato ; 
equivalent in digestible oarbijhydrates by multi- ! 
plying tho fat by the factor 2 3, on the assump- : 
tion that on tho average tho energy and fat- 
produoing value of the latter is approximately 
2*3 times that of the former. Tims, if a food 
contains 20 p.e. of digestible albuminoicki, 10 p.c. 
of digestible fat, and 40 p.c. of digofitible car¬ 
bohydrates, the albuminoid ratio would be 
20 : (10x2’3-f 40), or 20 : 03, or approximately 
1:3. liofioed cake has an albuminoid ratio of 
about 1: 2, which is called a ‘ narre^ ’ ratio ; 
and xnfdse of about 1 1 10, which is called a ‘ wide * 
raftCff, Vliile in mangolds the ratio^ is exceed¬ 
ingly wide, namely, about 1 : 65. The efiioacy of 
a nvxed diet for a epeoilio purpose is much 
affected by its albummaid rauo. Fattening or 
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working animals got on well with a diet of a 
fairly wide ratio, such as from 1:8 to 1:10, 
though oven in the case of fattening animals, the 
ratio should ^ narrower (1 :5 or 1 :6) in the early 
i stages of feeding. Young growing animals, 

I animals with young, and cows in milk, need 
' a diet of correspondingly ‘ nan’ow ’ ratio, i.e. 
rielier in proteicls, such n« 1 : 5. 

Tho subject of tlie maintenance value, 
energy value, and productive value of the various 
feeding stiills cannot be further pursued here, 
it may lie advantageouKly stutliod in very 
thorough detail in Tlio rrinciples of Animal 
Nutrition, liy il. B. Annsby, of the Pennsylvania 
.State Agricultural Exjierimont Station (English 
iiibliKhers, (’bapman &. Ball, Ltd., 1003). 
leaders may also be referred to Clieintetry of 
the Fiirm, by 11, Waringtoii (Vinton & Co., 
Lid., London, 19(l2) : to The Feeding of Crops 
and Stock, by A. 1). Hall (John Murray, ]..ondon, 
I'.Ul); and to (ioodwin's English translation of 
' Tile Scientifio Feeding of Animals, by 0. Kellner 
I (Duckworth & Co., London, 11)09). The last- 
i named book (‘ontains very full tables showing 
I t lio compoKition, digestibility, and energy values 
' of most of tlie foods in use on tho farm, and 
ration tables for the dieting of farm animals, 
eoinjiiiod from the results of scientific investiga¬ 
tion. A useful tabic, compiled by A. Smetham 
and S’. Uoborl-Bon Dodd, showing tho composi¬ 
tion of a large range of feeding stufTs met with 
in eommi'rce, including many materials not 
commonly offered as sueh to farmers, but ni 
extensive use for the mauufaciuro of compound 
foods, may he found ni a paper reprinte(i from 
the journal of tlio Jioyal Lancashiro Agri¬ 
cultural Society for 1921, and published by 
tliat Society at Liveriiool, under tlie title of 
Tho Valuation of Feeding Stuffs. A pamphlet 
on the Composition and Nutritive Value of 
Feeding Stuffs by T. B, Wood and E. T. Hainan 
is also issued from the Animal Nutrition Insti¬ 
tute of Cambridge UniverMity, and published by 
the Cambridge University Press. 

Analysis ol feeding stuffs. Tiie following 
methods are those commonly in use :— 

Motslvrc .—A weighed quantity (usually 
about 3 grams) of tho material, tincly crushed or 
powdered by passing through a small mill, is 
dried at lOO^C. until it coasoa to lose weight. 
'I'ho loss is taken to bp moisture. 

Oil—This is usually determined by extrac¬ 
tion with ethyl ether." The method officially 
laid down (1908) for use under the Fortilisere 
and Feeding stuffs Act in England, is os 
follows :— 

‘ A weighed quantity of tho sample shall be 
placed in a Soxhlet thimble, which snaJl then be 
placed in tho Soxhlet extraction tube and ex¬ 
tracted with washed, redistilled other. At the 
end of 3 to 4 hours, the thimble shall be removed 
I from the Soxhlet tube, dried, and its contents 
I finely ground in small mortar previously 
I rinsed with ether. Tho substance sh^ then be 
returned to the thimble, the mortar being washed 
! out with ether, and the extraction contmued for 
I another hour. 

‘ After evaporation of tho solvent, the oil 
j shall be dried at 100° and weighed. The oil 
I shall be redissolved in ether, and any undissolved 
matter shall be weighed and deducted, 
i ‘ In the case of aaiupitB oontaming saochariue 
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matter, €.g. eu^ar moaU, tho weiffhed portion in i 
Iho Soxhlet thSmble shall be wa^ed twice with j 
water, and then dried, previous to tho extraction.’ 

A convenient quantity to work upon for j 
determination of oil is about 3 grams. i 

Tho percentage of albumi- j 
noi^, as already stated, is, for tho puq)OBc of I 
ordinary feeding stuff analysers, conventionally I 
arrived at by determining tho nitrogen and : 
multiplying tlio percentage thereof by ' 

Nitrogen is now almost univorsally determine<l j 
by some modification of the Kjcldahl process. 
The details of the method, as oflicially laid down 
(lObH) for use under the Fertilisers and Feeding 
Stuffs A<-t in ICngland, an^ as f<dlows ;— 

‘ A weighed jiorlion of tlic samjilo sliall bo 
traiisfeited to a Kjcldahl digestion tla^k ; 10 

grains of ]K)ta.s.sium sulphate and 25 e.e. of 
concentrated sulphuric acid shall bo added, and ! 
the. flask iioated until a clear liquid, colourless 
or of light-straw colour m obtained. Tho . 
ojicration may ho accelerated by the addition 
4)1 a small crystal of copper Rulj)hate or a globule 
of mercury to the liquid in the digcjstion flask. 

‘ 'Die quantity of ammonia sliall be (letter- 
mined by distillation into standard acid after 
Idxiration with alkali, and, where mci-cury has 
boon uMod, w'itii the addition also of sodium or 
liotas.sium suljdiido solution. 

‘ The materials used sliall be examined os to 
their freedom from nitrogen by means of a 
control experiment canned out under similar 
conditions with the same (piantitics of the re- 
agon!,s which have been (‘lujiloyeil in tlie actual 
analysis, one gram of jiure siigur being used in 

¥ laco (jf tho weighed portion of tho sumplo. 

'he (piantity of standard acid used in this 
control experiment shall be deducted from the 
total (piantity of acid found to have been 
neutralised in tlie distillation of the samjile.’ 

A convenient quantity to work ujion for the j 
nitrogen determination wdll, in most coses, be 
fouiuT to be from 1 to 1 '5 grams. 

The pc'rcentage of ‘true albuminoulH’ or pro- 
toid 8ubfitancc.s, as distinguished from nonproti^id 
bodies such aa amides, &c., is sometimes deter¬ 
mined by what is known as the phenol method, but ' 
more commonly now by the. copper oxide method. 

The phenol method depends upon the coagu¬ 
lability of protoids by phenol. A quantity of 
from 1 to 2 grams of the powdered feeding Btuffs 
is covered with a warm 4 p.c. aqiK'OUs solution ' 
of ]>honol, to which have been added a few drops 
of a freshly made aqueous solution of luetaphos- 
phoric acid. After 15 minutet^, a little boiling 
phenol solution is added, and tho mixtui'e stirred 
and allowed to cool. The whole is then poured ; 
on to a small filter, which is washed with more , 
of the same liquid, but cold. After drying, tho 
filter and itii contents are transferred to a Kjel- 
dohl digestion flask, and the nitrogen is deter¬ 
mined as already described (Church and Kinch). 

Tho copper oxide methqd depends upon' 
the power oi moist copper hydroxide to •mite 
with proteid substances to form insoluble com¬ 
pounds. The preparation of cupric hydroxide 
used is known as Stutzer’s recent. It is made 
by dissolving 100 grams of copper^ sulphate in 
5 litres of water imh the addition of 2*6 c.c. of 
glycerol. A dilute solution of sodium hydroxide 
* *_^ ded until the liquid is just alkaline. The 
P*ecipitate of cupiic hydroxide is filtered off. 
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drained, transferred to a dish, and washed by 
decantation with water containing 5 o.o. of gly¬ 
cerol per jitre, until the washings are no longer 
alkaline. The precipitate is mixed in a moi^r 
with water containing 10 p.c. of glyoerol, and 
transferred to a atopjiored bottle. A gelatinous 
mixture is thus obtained which, when shaken up, 
can be removed by moans of a pipette. The 
detorminatiuu of albuminoid nitrogen is made 
a.8 follows : About 1 gram of the feeding stuff 
is weighed out, mixed with 100 c.c. of water 
and boiled or heated in the water-bath for 10 
minutes. A quantity of tho cupric hydroxide 
paste, containing about 0'8 gram of actual 
cupric hydroxide, is added, and tho whole 
thoroughly stirred, warmed for a short time, and 
allowed to cool. When cold it is filtered and 
washed with cold water. After drying, tho 
filler and its contents are Iransbiirod to a Kjel- 
dahl digestion flask, and tin* nitrogen determined 
as above described. 1 tistead of adding tho cupric 
liydroxido iiaste directly to tho solution, it is de¬ 
sirable to jilaco the ro<iuiHite<iuantity ill a separata 
beaker, treating it with cold water, allowing if 
to scttlo, and pouring off tho water in order lo 
eliminate tho glyeorol, which is used mort-ly as a 
vehicle for tlio preservation of tho ivagont. 

Fibre .—A weighed quantity (nonvoniontly 
about 3 grams) of tho ground Hamjdc, either witii 
or without ju'cvious extraction with ether, is 
boiled for half an hour with L25 c.c. of a 2 p.o. 
solution of sulphuric acid, tfio loss of water duo 
to boiling being continuously mode up. Tho 
fluid is diluted with a few hundred cubic centi* 
metre.s of water, and allowed to stand for some 
time. Tho bulk of tho fluid is then liltored off, 
any matter that bocomes transferred to the 
filter being washed buck again into the original 
voBHcl. Tho rosiduo is then boiled with 125 c.c. 
of a 2 p.c. solution of potassium hydroxide, 
diluted, and filtered—this timo through counter* 
Iioiaed filters. The fibrous matter is washed 
on to tlio filter, wa.shcd with boiling water 
until the washings are no longer alkaline, then 
with a little diluti' acid, and then with water 
until tho washings arc no longer acid. It is 
next washed H(wcral times with methylated 
spirit, and, if the oil was not removed prior to 
the fibre determination, it must be finally washed 
several times with other. Finally the fibre is 
dried to constancy in a watcr-ovon, and weighed. 

Aah .—A quantity of tho material (for 
example, 3 grams) is placed in a platinum 
capsule and heated over an argand burner 
turned down low. The heating is continued 
over a yellow flame until the rosiduo is frpe from 
carl)on. The reeidirt) under incineration should 
be stirred from timo to time with a platinum 
wire, being meantime lightly covered with an 
arched piece of platinum foil. Ignition over a 
Bunsen burner is more rapid, but is liable to 
result in ICiss of potash. 

Sand and other riutller .—^The ash, 

after being weighed, is digestexL in the platinum 
i ba^un with a little dilute hydrochloric acid, and 
the silicious matter filtered off, ignit<^ and 
weighed, ffhis consists of sand, together with 
—in the cose of some foods—silica derived from 
naturally silicious tissues, such as rice KobIck^ 

‘ Digest^e^' cai^ohydraUs. — ^This item, which 
includes starch, sugars, muej^aginons nfhtter, pm* 
tosan derivatives, and otiier bodiee—eometeEhoi 
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«]bo termed 'soluble carbohydrates' or» as in 
Gennany, ‘ nitrogen-free extract *—is taken by 
difference. For the methods of determining the 
various sugars, starch, &.C., separately, the re^er 
IB referred to other sootions of this work. B. D. 

FELSPAR or Fc)dH])ar. (Fr. yddsfath ; 
Ger. FeldH'palli^ Fcld^pat ; from the Swedish 
Ff^Uji'pat or Fiillnpai, meaning ‘ iield-spar.’) A 
largi' jsomoj'jjhous grouj) of imijortant rock- 
fonning ntinorals consisting of aIunhno-sili(^atcs 
of alkalis {potassiam and sodium, rarely rubi¬ 
dium, coisiuDi, and lithium) and alkaline earths 
(oaloium, and Ions ofto-n barium). 'Fhey include 
polysilicatcs or trisil)ciit<»< of tlu; type lI'AlSijOg, 
and orthosiliiiatcs of l.ho typ<! 

The principal !IU)1 c('u1(5h r('j)rwcnting the ond- 
members ot tlio isomorplionH sju’ich arc 
(Or=orthoclasc), NaAlSi;,(^s (Al)--=albitc). and 
CaAljSijOg (An~an(»rtiiilc). Others of loss 
importan<‘<;, or whoso c‘,\iHU-nco is only assumed 
on theon’tical gj-ounds, arc HaA^iSi^jOg (dc 
*o<d«ian), Na^ALSi^tlB (('g—canicgicile), and 
^bAlSigOg (rnbidiuni-microcline). 

^ Tho felspare are usually divided crystallo- 
graphicoily into l.wo serii's, the monocliuic (or 
oblique) felspars and the Inclinu^ (or anorthic) 
felspars. But, alllioiigh IIichc belong to (liJbTcnt 
systems of cr^Titallisution, they resoinhlc one 
another closely in habit, cleavage, and geiieml 
crystiiDographu* characters, An irnpnriant fea¬ 
ture of all felspars is the c.Kistcnci' of good 
cleavages in Iw'o direi-tions ; tlie more pcrh'ct 
one lieing parallel to the basal pinakoul r{(K)l), 
whilst tlie second is parallel to tho clinojunakoid 
or jdane of symniotry //(bib) in the niono(‘linic 
felspars, and parullol t-o tho eoTTOstiomling 
brachyriinacoid />(010) in the triclinie rolspars. 
In the nionoclinic system those two cleavages 
are nocossarily at riglit angles (tK)"), and tho 
felspars Ix'longing to t ins sysUmv an* consoquenUy 
desci’ibod os orthoclastic felspars; wlnlst in 
tho triolinic sysUun tho <'loavag«' angh^ W varies 
slightly from a right angle (in anorthiU' be 
=8.'5" 60', and in alhit^i hc~- HO" l!4'), aiul for this 
reason those felsjiais aie called plagioclantic 
folsjiars, or simply plagioclase. 'l\i these two 
Horioe may Ix' added n tlurd—-^)S(‘udo-mono<'hnic 
Heri»—tho niembors of wliicli are shown by 
their optical eharaeUTs to b(' triilinic, but in 
tho extimnJ form of their crystals they do not 
differ from those of the nionoclinic senes and 
the cleavage angle he doe.s not differ appn?piably 
from 90®. The several ineiuhors of tmsse throe 
eeriee of folnjiars aiv act out in the following 
table:— 


The only members of practical importance 
are the potash-felspars, orthoclase, and micro* 
dine (which, as noted below, are perhaps really 
identical); tho soda-felspar, albite; the lime- 
felspar, anorthite.; and tlic soda-lime-felspare, 
oligoclaso, andesine, labradoriU', and bytownite. 

’ All of thojie, with the exception of potash- 
felspar, belong to tho isomorphous group of 
; ])lagioclase,-fclspar8, of which albite and anor- 
thite arti tho end-incinborfl. The liraita of 
comjiosition usually assigned to the.se are : 




SiOa 

AI 2 O 8 

NajO 

CaO 

Ailiitc 

^ ,AbjAn„ 

b8‘7 

19-5 

11-8 

— 

Oligoclase 

.;^AbgAn, 

(14-9 

22-1 

10-0 

30 

Andosino 

j^AbjAn, 

()2-y 

24-0 

8*7 

5’3 

habradoriUi 

^^'AbjAn, 

55‘b 

28-3 

6-7 

40-4 

bytownite 

^ Abj Aiig 

49-3 

32-6 

2-8 

15-3 

Anorthito 

_.'Ab,Aii,i 

1 (.)■() 

34-4 

1-fi 

17-4 

1 

\\bQAn] 

43-2 

3()'7 

— 

20-1 


BPrlea 


TrlcHiilc 

series 


EAISiyO(, Orthoriaae Mlcnnllno ^ — 

MKAlSigOg ^ Sodft- I Anortbo- ( _ 

HKaAlSt|Of{ \ orthoclase, rinse ^ 

NaAlBi|0, Bnrblerltc ;Cryp{oclftse Albite 

mNaAlSl|Oo » _ ^ Ollfficlase, La* 

fiCaAl|81«Oa ( , ^ hradoritc, Ac. 

CaAljBljOg — AHorthlte 

~ . Camegleite 

BaAi|81tO«) Cel^n 1 — ^ — 

Hyrnk)-,; .* 

uKAiaijO* i ph»ii»J| " ~ 


A character wliicli always enables the 
' plagioclase-fcl.spai-a to bo n^adily recognised js 
the invanable presence, of lamellar twinning 
aeeonling to the albil-o-iaw. 'J'liis is shown in 
' tlnn sections of lYicks wdien e.\amiiied in polansod 
light by the banding due to tho different direc¬ 
tions of extinotion in alternate laniclloa. In a 
' hand-specimen it is siiown on the basal plane 
! r((K)l), nnd on the peidecit deavu^o pai'nlld to 
tins face, hv a .system of fine HtniB jiaralld to 
; the edge o^ intersection of the two deavagoa. 
Those Blrne can usually bo dotoctod with the 
uid of a jiockol-h'iis when tho cleavage surface 
iH held at a suitable incimation to tho light; 
and two sets of rdlcctions can bo obtained in 
albito melined at T' 12', and in anorthito nt 8® 20'. 

: Albite-twimiing is not- present in orthodaso, 

; but is present in mieroelinc, tliougli in this ease 
; tho stria* ai‘o not evident on tlio cleavage surface, 
i TIuh diffoitmco often affordpi a ready moans of 
dHtinginshing at sight a potasli-fdspor from a 
j <oda-ljme-felsjjar. In inicroclino there is also 
; a second lamellar twinning accoraing to the 
1 pericline-law, whidi, in conjunction with the 
j lamellar albite-l winning, produces a very 
; characUTistic crass-hatched structure, sometimes 
; to bo seen on the basal piano of cryBtalfl, but 
■ vory evident when thin soctions are examined 
: in polarised liglit; this being, indeed, often the 
only means ohdistinguislimg microdinc. Several 
other twin-laws have boon described for the 
felspars, the importojit ones being the Carlsbad, 

I Bnveno, and Manobach types. The very 
common oceurrenco of repeated twinning in 
this group of minerals gives rise to tho sogges* 
tion that the higher degree of symmetry in the 
monoclinic series is merely tho result of twinning, 

^ and that oil folspare are really triclinic. This 
1 is obviously the case in tlie pseudu-monoolinic 
I series, in which, on optical examination, the 
I twinning is seen to repeated on a very 
minq^e scale. If this became ultra-miorosoopio, 

' then the crystal could not be distinguiBhed from 
: a true monoclinic crystal. The crvstailoffraphio 
I grouping shown in ike above tabte wooid Gmn 
I break down, while the ohemical groupinc alone 
^ stands. MicrooUne would then be iamtioid 
, with ortboda^ which, indeed, it is in density, 

I rofraotive indict mode ol ooctmiiioa, and Ha 
i practical applwations. 
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Some of the ooDstaata of the three moet 
important speclee of felspar are given below :— 
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! ? 

®o 


ZJP 
on 
ja j 

oM 

1 553 " 

oZi 

SiO. 


p.c. 

1)8-7 

.Si.2 

Al,6, . 

lS-4 

19-6 

.3()-7 

CaO 

_ 


20*1 

K,0 

1(5*9 

__ 

_ 

Na^O 

_ 

11*8 


^.gr. 

2-56 

2*62 

2*7(i 

Hardness. 

6-(i J 

(5-()i 

♦) 

Melting-point. 

1150" c. 

llOO^c. 

15.)0° 

Specific heat. 

(>•187 

0*197 

0-197 

Cleavage angle (/yr) . 


Htr 21' 

85° 50 

Optical cxtinctiim on 1 : 


-f4" 

-.37° 

.. . . /» 

+ 5" 

--1-19" 

-36° 

Itef. Index (Na) a 

1*519 

1 -.529 

1*57(5 

. 

1 *523 

1 '5:53 

1 -583 

. .. 7 . 

Birefnngcnce 7 -a 

J *52-1 

1 -.-i.TI 

1 -.588 

0*005 

(}-0](i 

Ii-OIL’ 


The rocognilioii ol u niiiuTal as felspar 
usually evident by the eleava^i's, duUmiss of 
colour and lustre, liariiiuiHs, ri'sihlaiK'c' to acids, 
(tc. ; but tho discniniuation of the Kovoral 
snecios is not always so cjisv Tlie ojilical 
eliaraotere of cleavage tiakps uilord a useful 
guide, and tho spcciiic gravity of fragments 
can bo r(‘adily determined in a heavy liquid 
with tho aid of iiidientors , 1 . S/.abt^ {Dobor 
eino neue Alelluxlo die ]''oldspathe aueli in 
Goatciuon zu Ixwtimtnen, Budapest, iSTti; v, 
G. A. J. Colo. Aids to Jhuctieal Geology, fith ed. 
London, 10015, 78-85) devised a ini'thod in 
which tho intensity of coloration imparled to 
the Bunsen flame givoi an approximate indica¬ 
tion of the percentage of potassium and sodium 
present. Anorthite is deeomposod by hydro¬ 
chloric acid with separation of gelatinous silica. 
The other felspars are only verj’ slightly attacked 
by acids (except hydrofluoric), alkaline solutions, 
and carbonated waU^r; but they are decom¬ 
posed by hot alkaline solutions under preesuro. 

The following analyses ore of: I, Orthoclase 
from Norway, as used in tho manufacture of 
porcelain; formula Or^Abj;- U, Mierocline 
(amazon-stone) from Antaboka, Madagascar, 
Or,jAb 2 ,An 5 . Ill, Albite from Amelia (’o., 
Virginia, AbijOrg. IV, Oligoclasc (sun-stone) 
from Tv^estrand, Norway, Ab^iAnj^Or,. V, 
I.Abradorite from Ardglass, Co. l)own, 
AbiiAnijOr^. VI, Anortnite from Veeuvius, 
Ab 4 Aji| 40 rj. 

I II HI rv V VI 

SiO, . 64*98 63*66 68*44 61*30 62*33 43*96 

AI 4 O. , 19*18 18*66 16*35 ,23*77 30*22 36*30 

PejO, . 0*33 0*34 — 0*36 0*40 • 0*63 ; 

CaO . ^aoe 0*36 — . 4*78 12*52 18*98 ' 

MgO . 0*26 010 — — — 0*46 

K*0 . 12*76 13*90 0*43 1*29 0*86 0*401 

Jfa,0 . 2*32 3-30 11*67 8*60 3*62 0*47 

Ign* . 0*48 — _ 0*36 — ! 

100*88100-10 09-89100-00 100*80100*19 ; 
. — 2*68 2«l 2-66 2*71 2*76! 


Felspan are of wide distribution, aocordh^ 
to F. W. (!llarko forming about 66 p.o. of the 
earth’s crust. They occur as primary oon* 
Btituents in igneous rocks of nearly all kinds, 
and are abundant in gneissos and metamorphic 
, rocks. The alkali-felspars occur preferably in 
the more siliceous rocks (granite, Ac.), whilst 
limo-felspars are more common in basic rooks 
(gabbro, basalt, Ac.}. Anorthite is also found in 
certain tyjxxs of meteoric stones. i<Vilbpare are 
very %use(‘j)tible to alteration, being attacked 
by carboiuitcfl, u(ud, and alkaline watere, and 
tlicy give rise to a great variety of secondary 
miiienvlH. By the a<’,tion of weathering pro- 
cojriscis the alkalis and lime generally jioss mto 
solution, remaining partly lu the soil, and in 
]mrt being removed in solution to form eventu¬ 
ally seiiondary deposits of salts and limestone; 
whilst kaolin and free silic.a remain behind to 
give rise to deposits of clay. 

All the naturally-occurring felspars have 
been pn^purod artiticially, and inaildition others 
eontainiug strontium, barium, and load in phiw 
of calcium, or potfissium m place of sodium 0 
tho plagiocluaoH. Tlio basic felspars crystaUise 
ri'adily and are easily obtained by dry fusion; 
but the alkali-fcIs|>arH form oxtremcly viscoas 
gliwsds, and have not been crystallised by dry 
fusion without fluxes. Much ox{Hsrimental work 
has iioim done in eonmxttion with tho iaomor- 
pinsm of tho fi^lspai's and in rock synthesis 
(■a. F. Fouqu(' and A. Michel-L 6 vy, Synthiise des 
Mindraux el dcH Koches. Baris, 1882; A. L. 
Day and K. T. AU(‘n, Tho Isomorjihism and 
Thermal Broporties of tho Feldspars, G&mogie 
Inst., Washington, 1905). 

For 2 >racl]cal purjiosos tho felsparH find 
ap])}icati(>ns in several directions, come arc 
used a.s gem-stones and ornamental stones. As 
a rule, these minerals are dull in colour, cloudy, 
and imperfectly transjiarent, but certain varieties 
exhibit Hjioeial optical and colour effects. 
Moon-stme, a variety of orthoclase obtained 
mainly from Ceylon, displays a soft bluish milky 
sheen (glaucesconce). Somewhat similar, but 
with brighter colours, is perisUrite (named from 
ntpisTtpa, a pigeon, on account of the colour* 

I resembling tnose on a pigeon’s neck), a variety 
I of albite from Ontario. Sun-stone, or avanturino 
i felspar, oxhibite a metallic spangled effect, due 
; to tho enclosure of scales of hoimatito; (bis is 
IxMt shown in tho oligoclaee from l^vedestrand 
in Norway, but is also met with in some other 
folspars. Labrculonte in certain specimeoSf 
! particularly those found abundantly as bouldertl^ 
: on the coast of Labrador, though of a dull doiic- 
I grey colour, yet at^ust a particular angle with 
I respect to the incident light they suddenly 
1 shine up with brilliant met^Uc colours. This 
i change of colour or labradoresceneo is doe to the 
inteiierenoe of light caused by numerous minnte 
encloeurei in the mineral. The same effect is 
also shown by the anorthoclase in the augite^ 
syenite (laurvikite) from Laurvik ^nd Fzedliks- 
vam in the south of Norway, a rock much used 
as a polished ornament^ stone. A dear 
truispareiH oligoclase from Mitchell Co., Koith 
Carolina, h^ been cut in the brilliant 
gem. Ama^fn-tione (^.e.) is a green miorocBK. 
(Cn the use *01 fdspar as gem-stooea, «. H. 
Bauer, Fxeoious Stones, tc^psl. L. 8. %NBoar, 

Lemdon, 1994.) 
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The c'.hicf use of felspar in the industrial arts 
is for tho inunufacturo of jiun-elain and enamel 
ware of all kin<l«, incliifiing electrical goods. 
For tliis purpose fiiily an alkali-felspar, pre¬ 
ferably pobmh-felHjtar or a pota»li-8oda-fclspar, 
is employed ; tlie littie-felspars not being suit¬ 
able, since tliey readily (Tystallise, In the finest 
port’oiaiti, felsjiar (If .‘15 p.e.) is added to tlio 
oody, and as it fuses it iirinly binds the particles 
of clay and (juiirtz; tint it is chiefly for the 
glaze that felsj»ar (30-50 ji.e.) is added.' 1'he 
best quality is used for making artilieial teeth. 
iSmall amounts ari' iiHcd l>y glass inaiiufacturer-, 
especially for pnidueing an ojialeseent glass. 
Fused felspar lonii.s a frni bond for emery, j 
eoruiidum, and <arborundum wiieels. i 

As an abrasivi', fels])ar is es]>e('iully suitatile j 
for eenaiii purposes. Owing to its eleavagi*. it ^ 
powders t-o angular fragments ; and its hardness i 
iH about ilie siums lus that of glaa-s. It is llieie- ' 
ioj'd used aa a eleam'r and polisher of glass j 
artieloH, ami forms an ingredH'nt of Hooiinng j 
Hoaiiw. Any felspar serves this purpose, so long j 
art it is freo from quartz, J..ahriwlorit(' from ' 
Duluth, Minncrtota, is used os a Handpajier in ! 
wood-working. (Hher minor usi's of felspar ! 
are tlie niunufaeturo of trarred rouling mati'nal, 
for surfacing eoni'rete, and aw a imtilti'v gnt. 

A great variety of iiroeesMos hayo been 
devised and }>aU'nt(‘(l for utilising fels]>ar art a 
Homve of potash (i/.e.). hut these have not been 
able to compete with (be slowly-aeting geologii-al 

J iroeesses wbieh produn’d tlie SLassfurt dojiosits 
I'om the Hivnie material, tlrouiid felsjiar used 
directly a.H a fertilisi-r is slow in its action, hut 
liirtting. 

(b)iniiioreial felspar is all obtained by quarry- j 
ing veins of gratiito-jiogmatilo. This is a very 
coarHe-grained rock eonsisting of alkiili-felsjmr, 
quartz, and mica, together with small amounts 
of toiirinaliiio. beryl, and various^rurc inineruls, 
Tho same (juarricw are sometinifi worked also 
for quartz and mica ; those of California, Maine, 
Connoctieut. and Madagiuicar yield geui-stonefl ; 
and those of soutboni Norway small amounts of 
rare-eartli minerals, t.tj. monazito, gadolinite, 
ouxeniUi, &c, Tlie felspar is, as a rule, ortlio- 
clorto or mieroeliiK' ; but veins of soda-pegmatite, j 
consi.sting mainly of idbite witli n little horn¬ 
blende, an> worked in Pmuisylvaiiia, Maryland, 
and at Villeneiue in Quebec. Tho largest pro¬ 
ducer is the Cnited Stat<w, principally along 
tho Apiialacliian Mountains m the eufltcrn 
States, and in Cahfoniia. (e. E. S. Bostin, 
Economic ecology of tho Feldspar Deposits of 
tho Unitod .States. IbS. Geol. Survey, Bull. 
420, IftlO ; A. S. Watts, Mirdug and Treatment 
of Foldflpar and Kaolin in the Southern Appala- 
ohian Region, U.S. Bureau of Mines, Bull. 
f>3, 1913 5 A. S. Watts, The Feldspars of tho 
Nov England and North Appalachian States, 
ibid. Bull. 92, 1910; F. J. Katz, annuJ reports 
in Minoral ReBourcos, U.S. Gcol. Survey.) In 
Canada the principal quarrioe are in Frontenac 
Co., Ontario. Other laige producing countries 
are Norway, Sweden, and Italy. The spar 
should be free from iron-l>earing muerals and 
roioa, but tho presence of 15-20 p.c. of quartz 
U'^bt injurious for pottery. It is sometimes 
calcined Wore being finely ground ^ahd soreoned. 

In the British there k abundance of 
available material in the p^matite-veics 


traversing tho ancient gneisses of Sutherland- 
shire. Tlic average amount of potash in the 
microcline of tide district is 12‘8 p.c., and for the 
whole rock 0*7 p.c. A few smaller pegmatite- 
veins are present in Cornwall; and the well- 
known Cornish china-stone is rich in partly 
altered felsjmr. The di.Hcovery of a vein of red 
felsjiar at Belleck in ('o. Fermanagh led to the 
establishment of {lorcelain work.s at this loe^ity. 
The red felspar hecomevs white on eabunation, 
tlie iron ]iassing into the eoiulition of magnetite, 
the jiartic'le.s of which may he removed by means 
of a nmgiU't. Cthor Irish oe('urrence.s arc known 
in (’o. Mayo and (Vi. Doiu'gal. The abundantly 
(H'cun’ing granit-es of Cornwall, Scotland, and 
li’claml contain, on an average, about 5 p.c. of 
potasli, a iioi’tiori of wliicli is, however, carried 
in the mica. {m\ S[JceiHl Jieports on ' the 
Mineral KcHOurees of Creat- J^ritain, Mem. Geol. 
Survey, vol. v. l!)l(i, 2nd edit., 1917 ; P. G. II. 
Boswell, Brit ish Siipplirx of ikjtash-Felspar, con- 
sider<‘d from tlu* (llas.s-Making jinint of view, 
.1. Soc. Glass 'i'cchnology, 1918, ii. 35-71). 
FENCHENE v. Fknc-hon-k. I"- J- 

FENCHONE CboHjJh A ketone isomeric 
w'itli eumjihnr. It is optically active, d-, and 
r- f(*nchone all Ix'ing known. d-Fi'achone wa.s 
diaoovv'i'cd by Wallacli in fennel oil. The 
fraction boiling at 190'’-I96° is treated with 
thn ‘0 parts of coneontrated nitric acid to 
oxidise aiiethol and other imjmnticw. The 
prociuot is poured into water, tlic sejiaratcd oil 
bc'ing wo-sIkmI with caustic soda solution, dis¬ 
tilled in steam, dried, and tinally crystallised at 
a low temperature (Wallacii and ITartmann, 
Annalen, 259. 324; Wallaeh, ihiil. 203, 120). 
r/'Feuciioiie also occurs m smail quantitiw in 
Bussian oil of anise (Bourchanlut and Tardy, 
Bull. iSoe, chim. jiii.] 10. 010 ; Compt. rend. 1800, 
122, 024) 

Pure fenchone is a {mlovirlesB oil, b.p. 192“- 
103®; wp.gr. 0*04 05 at 10®; prolonged cooling 
at low tomperatim's causes it to solidify to largo 
crystals, m.p. OMF; fi]j=:l‘40300 at 10®, 

molec. ref.~44’23: [aljj-f-71'07°. It is not 

oxidised in the cold by nitric or sulpburic acids, 
but potassium pernianganalo converts it into 
dinietbyhnalonic, oxalic, and acetic acids. By 
heating it for six with concentrated nitric 
acid, there arc formed dimetbylcarballylic, di- 
mcthyimaloniQ, i^ocamplioronic, tsobutyric, and 
acetic acids, together with a nitrofenohono 
(Gardner and Cockburn, Chom. Soc. Trans. 1898, 
708; Sommlcr, Chein. Zeit. 1906, 20. 1213; c/. 
Konowaloff, J. Russ. Pbys. Chom. Soc. 1903, 
35, 953); and by heating with sulphuric acid at 
80®, 4-aceto-l; 2-iylene is formed (Marsh, 
Ohem. Soc. Trans. 1899, 1058). Warming with 
phosphorus pentoxido yields f»-cymeno, b.p. 

! 176®-170® (Wallach, Annalen, 276, 157). Re- 
! duction by sodium in amyl alcohol or treatment 
with plitbalic anhydride yields J-fenchyl alcohol 
ChoH^OH; m.p.^46®; b.p. 197®-200®; faJi, 
—10’35® (Bertram And Hallo, J. pr. Chem. [ii.] 
01, 293). This is converted by phosphorus 
pentachloride into fenchyl chloride^ b.p. 84®-86°, 
which, on heating with aniline, is converted into 
the terpene fenckene i50®-i62*. 

A solid fenchyl chloride, in.p. has been 
obteuned by Aondakoff fenehyl alcohol 

(J. pr. Chem. 1909, fii.] 79, 271).' Fenohenehae 



FKROUSONITE. 


m 


chiffl. 1010. [iv.] 963. 968; Nametkin. J. Run. 
Phys. Chom. Soc. 1915, 47, 1690 j Qvist. Ann. 
1918, 417, 278 (v. Kstoneo). 

FENCHYUCNE 


CH 


been prepared synthetically by treating nopinone 
and Sromaoetic ester with zinc and hydrolysing 
the hydro]^ ester thus formed (Wallaoh.Annalen, 

363, 1). ^onchene is oxidised by concentrated 
nitric acid, yielding ct>-camphopyric acid and its 
anhydride, Fhoaphorus pontaohlorido reacts 
with fenchono yielding chlorfenchencphosphinic 
acid C,oH, 4 C 1 PO(OH) 2 , ohlorfencheiio and ! 
a- Mid /8-chlorfenchcnc liydrochiorides (Gardner j ^ volatile liquid with a faint odour recalling 

ana Coekburn, Ohcm. Soc. Trans. 1897, 1157; ! fcnchcne, obtaincsd by heating meth^ 

1898, 275, 704). Ammonium formate reacts ; '^•'ofcnchylxanthato at 230®; b.p. 139°-140® 

with fenchono, yielding the formyl derivative of i 0*8381 20®/4® ; np^l‘4494 at 

D.l-fenchylamine from which the free base j 20^ and - «8*7(»" (in alcohol). Carabines 

is easily ^obtained : b.p. 195° ; 1 with bromine, yields a ur^utallmo nitrosoohloride 


/C(CH3)4*CHj\ 


sp.gr. 0*9095; 24*()3°. 

and acetic acid react with fenehylamuK', p] 
ducing D.f-fenchenc, an isomeric hydrocarbon, 
fidimoneno and ciueol (Wallayh, Aiinalon, 302, 
174). l).Z-fenchcn(% when warmed with acetic 
and sulphuric acids, yields isofeneliyl alcohol, 
b.p, 201°-202®, wliicli, on oxidation with 
chromic acid, yields Mofenc'hono b.i,. 

Ml°, np.ijr. 0-()43 at IS ri", 35’. By 

heating fenchono and bromine in a sealed tube 
for 24 hours, bromofenehone, b.p. 131®-134° 
(18 Tmn.), is obtained. Alcoholic potiwh con¬ 
verts bromofencboiK' into y-fencholenie acid, 
which on being di»solve<l in concentrated sul¬ 
phuric acid and ]ioimMl on to ice, yields an 
compound, ni.p. 77°; three fenelio 


Sodium nitrite ; and givoscj.^'fenehoeamjiliorieaeid when oxidised 
'vith alkaline permanganate (Namotkin and 
Kusheneeva, J. Kuhh. Thys. Ghom. Soc. 1916, 
48, 450; J. Sot*. Chern. Ind. 1917, 36, 304). 

FENNEL FRUIT. Fceniculi fructus, B.P. 
The dried ripe fruit of Faeniculutn vuiaare 
(Mill.). 

FENUGREEK. TrujonelUi Feenum grtBcum. 
A plant jiOHsoflsing a charactoristio flavour, 
used largely as a condiment for cattle. 

According to analyses by iJ’Ancona (Landw. 
\^ersu<'hs-Stttt. 1899, 51, 387), the dry matter 
contains— 

I’rotein Fat N-freo extract Ciuds fibre Aiih 
13*4 3*4 47-0 30*6 5*6 


The ijure ash contuinod- 


iBomenc compound, ni.p.. ... _ _ 

lenic acids ara known (Wallacd, Anm.Inn, 315, i K^o' yato Cao" m'bO l',0, SO, SIO, Cl 

‘ 7'U 29'B 1-0 4-9 8-1 44 23-6 M 

IJKK), 2287 ; Balbiaim, (Jazz. ehim. ital, 11H)0, ; . ^ i ... 

30, ii, 382 ; Henunlcr and Bartcvlt, Bor. 190(1, j , ™n'PO“>t>on. fniiUKrook roaonibta. oniMon 
3900; 1907, 432). I.ikn ramphor, (cnc.'honn rts “id d w rocommonded aj. a farm crop. 

... . I ’ ,, I Since. h(iuiov«r. fhf* T'.- - ' ' 


acts with sodium, forming a [linaeonc 
b.p. 219® (13 mm.), ni.p. 97®. The constitution 
of fenehone is still under discussion, but the i 
evidence available seems tu indicate the follow- j 
iiig formula:— 


GH,—(^H 

Im, 




GH,—(-'(Glfj)—GO 
(Wallacb, Annalen, 369, 63; Seminler, lier. 
1907, 4591 ; Bouveault and Lovallois, Gompt. 
rend. 1908, 140, 180; cf. Glover, Cheni, Soc. 
Trans. 1908, 1285). 

l-Fenckone was discovered by Walluch in 
thuja oil. The fraction boiling at llH)°-20()° 
may bo warmed with nitric aoid'to oxidise the 
thujono and then steam distilled or better bo 
oxidised with potassium permanganate to 
destroy the thujono and then treated with semi 


I Since, however, tlio peculiar flavour of the plant 
I is transmitted to both milk and moat, the fodder 
' is more suited for working animals than for 
fattening or milk production. The peculiar 
I odour and flavour of the plant is said to bo due 
j to an oil; it is very pronounced in the spring, 

I but becomes lass when the plant ripens. 

! The seeds contain trigonelline C,H,NO„ the 
i betaine of pyridine- 2-curboxylic acid (Jahns, 

I 1885). Among the carbohydrates in the seeds 
; of fenugreek is a mannogafactan, which, under 
i the influence of a solulilc ferment, produced on 
: germination, hydrolyses with the ^rmatien of 
I reducing sugars (Bourquclot and Horissey, 

I Coimit. rend. 1900, 130, 42, and 731). H. I. 
FERBERITE v. Wotjramttk. 

FERGANITE. A hydrated uranium vana- 
dattj U 3 (V() 4 )j, 0 HaO, containing also a small 
amount of lithium. It is related to camotite - 
{(jf.v.), and is found as sulphur-yellow scales, * 
together with other uranium miner^, in prdvinoe 


carbazide hydrochloride, which reacts with the ’ Ferghana, Russian Turkestan. L.* J. 

/-camphor, which is also oreaent more auickiv i FEROUSONIT^ A rare mineral consisting 


camphor, which is also present more quickly 
than with the /-fenohone, and forms an elTcctive 


Ferousonite. 

of columbato (and tantalate) of yttrium gn? 


agent for separating them (Wallach, J. Pliarm. i cerium earths together with a small amount of 
Chim. 1896, 3, [9] 465; Chom. Zontr. 1905, ii. | uranium, thogonerol formula being R"'(Cb,Ta)04. ■ 
675; Annalen, 353, 200). /-Fcnchonc has b.p. j Tetragonal crystals were found m Greenland in 
192®-194°, m.p. 6®, [oli, —60*94®, and forms a 1 1826, buf usually the mineral is massive with ft * 
series of derivatives similarrto those chained | lustrous, pitchy appearance on the fractured 
from d-fenchone. For r-ftTichone. and its (roriva- ! surfaces ; sp.gr. 5*8. It is optically isotrople, 
lives, V. Bouveault and Levallois, Gompt. rend, j owing to alteration and hydration: wn^ 
1909, 148, 1399, 1524. j hoat^, it suddenly shows an incandescent glow. 

For further references to fenchono and | becomes fftictured and anisotropic, and gives off 
derivatives, v. Wallach, Annalen, 284, 324; \ gases (helium, Ac.). The mineral oomatftih 
300, 294; Semmier, Ber. 1906, 2677; Mabla, pegmatite-vsins at Ytterby in Sweden, beftr 
Ber. 1901, 3777 ; Bimini, Gazz. chim. itaL 1909, j Arendal and elsewhere in Morway, apd in some 
S9, U. 196 ; ^uveftult and Levallois, Bull. Soo. t abundance as large massf at BairioW Hill in 
Vot. HL—r. 
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Llano Va)., Tcxok. At tho laMt-juitnod locality, 
it luw b^Q mined, together with gadolinite 
(y.v.) and other rare-earth minerals, for the 
supply of yttrium, &(•. (Jtlicr localities are 
(yoolegong in W*iHtern Australia, Madagascar, 
and the (laucasun. L. J. S. 

FERMENLACTYL. A preparation of lactic 
acid bacilli. 

FERMENTATION (including J'hizyine Action 
and C!h(!UHoal Adicui of Bacteria). 

History of the development of ideas ^bout 
fermentation. The phenomena of uh'oholic 
fermentation seein t») liiivc been familiar to man 
from tho earlu*Kt limc« in tlic 2 *i'<>(’eHHcs of the 
production of wine, accompunuHl by cflervi's 
cence and frotliing, and of tlie baking of bread, 
accompanied by the rising of the dough, 'riiese 
obvious characU'ristics of fermentation find 
exprt^sion in the names applied in various 
languages both to the jirocoss itnelf (fermenfa- 
tion, Lat. frrvrrr, to boil; (tahruntj, from a 
Teutonic root, jcisra, to frotli, from which (lie 
word yeiiHt is uUo dei'ived) and l,o the agent by 
which it was cauHod (yeast, us above, leaven. 
Imirv, from the l^at. Icmrc, to raise; JJiJr. 
(aor. hohen, to lift: referring to tlii^ rising of 
th<' scum of yeaat m fe.rnuintation and the nniiig 
of the dough in baking), 

'I’ho term fcrmrnlaUoH was at first ajijdieiJ 
'without distinct ion to all eliangON aceonijiamed 
hy oflervoscenci?, but after Kirill (Sylvius do la 
BoH) gradually becauie liiiiiK'd to alcoholic 
formuntation, along with sui'li (‘uhcs of acid 
fermentation and jiutrefactioii as were accom- 
paniod hy evolution of giLs. 

Further knowledge of tlio chemical nature of 
fomiontatiou came from the expenmentH of 
Lavoisier (17811), who showed tliat in uh^oholie 
fermentation, tho sugar was (juantitatively 
decomposed into alcohol and carbon dioxide 
(together with some acetic acid). These ivla- 
tiouB were reiukTed more nri'cisc by (.lav- 
Lubboo (1810), whoso conclusions may iie 
Bummod up in t)ie equation of alcoliolic fer¬ 
mentation : 

(\H..<‘8-2(10,-+2tyf,<) 

Fermeutation was looked upon as a chemical 
i>rocosa sot up by an unknown agent, termed the 
lerment, produced hy the oxygen of the air 
from tho fruit juices, itc., whicli underwent tho 
change, thia view being founded on the observa¬ 
tion (Gay-Lussac) that boilerl grajie juice only 
fermented after exposure to oir. The process 
of fermentation had boon rt'garded by Willis 
(1659) and Stahl (1697) as consisting in u violent 
internal motion of tho 2 )articles of the fermenting 
Bubstance aet up by an aqueous liquid, a <‘on- 
ception which was rcplaood by that of catalytic 
force by Berzelius (1839), according to wfiich 
tho ferment, like other catalytic agents, was 
found unchanged at tho end of the process. 
Liobig (1830), on the other hand, hold the view 
that tho ferment was an unstable body which j 
itself underwent decompoeition and that it was 
the internal motion duo to this which was 
transfeTTed to the fermeutable BubeUnro and 
brought about its docoiuposition. action 

oai tey erBisted as long as this mctamorphi^ of 
the tnrment was in pit^roBs, and can:.s to an end 
whm this qeased. The ferment itself was re¬ 
gained, in agreement vith Oay-Lnasao, as being 


j formed by the action of oxygen on tho nitro- 
j genous materials of the fermentable liquid, and 
I the amount produced was dependent on the 
I special nature of this, and might be, as in 
j brewing, more than sufficient to cause tho 
I decomposition of the whole of the sugar present, 
j These views were founded on the belief that 
i yeast was a chemical subetanco comparable to 
) any of the well-known organic products. Even 
before the iiublication of the vicwb of Berz^us 
and Liebig, liowovcr, etrong evidence had been 
: brought forward that this was not the case. As 
early as K)80, Leeuwenhoek liad dcHcribed tho 
granular a^ipearance of yeast under the micro* 
> Bt’oiie and ‘ ammalculos ’ of putrefying materials 
hacl oIho been obHorved; but m sjiito of a few 
other isolated cl>«orvation8, it was not until 
about 1836 that tho intervention of living 
organisms in forrntntation and putrefaction was 
rendered jirobablc. lu that year, Schulzo 
nhowod that infuBious of various animal and 
vegetable materials remained freo from all 
])utrefac;Uon. if, after tiiey had Ixicn well boiled, 
they were only allowc'd to come in contact with 
air winch had j)asHed through Buljiliiirie acid. 
'I'lic same thing was subsequently shown by 
Schwann to liold if the luhmttcd air were hcatetf, 
and the observations wore extended to alcoholic 
fm'mentatiun. The conclusion was drawn by 
both tliOBO investigators that jiutrefaotion was 
caused by living germs ^jrcsent in tlie. air, which 
develoi»('d in tho initreseiblc liquid. The 
mierosoo})ie examination of u fermenting sugar 
solution revealed the jirescnce of yeast ccUh 
ca])able of reproduetiun by budding, and 
Keiiwann attributed to this living urganisni, 
wluch he named ‘ Zuckerpilz ’ (sugar fungua), 
th(^ production of alcoholic fermentation, 
(hiriously (uiough, almost Bimult«neou.sly with 
Schwann, two other investigators, Cagniard- 
\Latour in France and Kutziiig in Germany, 
came Hxb'jiendently to tlie same conclusion, as 
Mio result of microscojiic obervationa. These 
conclusions were rejected by Berzelius and 
Liebig, who replied to them by the theories 
alrea(\v mentioned, but, in spite of thia powerful 
opposition, they gfadualiy won for themselves 
a considerable body of ac^horonts, especially in 
Gerranny and among those engaged in brewing 
(.see Hefe, Faulniss und Galirimg, 208-229, 
Berlin, 1904). 

The evidence in favour of this vitalistic view 
of tho cause of fermentation was greatly strength¬ 
ened by the experiments of Senroder and von 
Busch (1864), who discovered the important fact, 
which has proved to bo an almost indispensable 
feature of bacteriological technique, that air 
lost its power of producing putrefaction when it 
was simply Altered through cotton wool. Many 
difficulties, however, still remained unexplained, 
which prevented the universal acceptance of the 
vitalistic view. Milk, for example, was found 
to become sour after having been boiled, in spite 
of all ^precautions,' and no organism could be 
recogiUBod in it capable of pxpduoing the change. 

: Moreover, other fonnente existed such as 
; diastase (Dubrunfant, 1830; Payen and Penes, 

; 1833), which, like yeast, lost their power of 
action when heated, and yet were oon^detely 
soluble in w4t«r and devoid of all trace m 
organisation. 

The final proof that fenMiiUtive <diaBgee in 
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geii6riJ» such m the alcohc^o and Uotic fer« 
mentatioDi, ^ putrefaction, Ae., were actually 
produced by living organisma was adordod 
oy the classical researches of Pasteur (Compt. 
rend. 1667, 45, 613). Pasteur, showed, in 
the clearest possible manner, that every 
fermentation was produced by a specific 
organism. He regaraed forniontatiun as in* 
dii^lubly bound up with the life of the 
oiganism, and summed up his conclusions in the 
a^orism, ‘ No fermentation without life.’ The 
recognition of micro-organisms ns the cause of 
fermentation rendered it necessary to differen- 
tiato between these so-callod organised ferments 
and the substances, such as diastase, invertasc, 
pepsin, &c., which had gradually become known, 
and which could be extracted from the higiicr 
plants and animals and even from micix)* 
organisms, and were therefore known at first as 
Bnluble ferments, and later, foUow'ing the sugges¬ 
tion of Kiihne, as pnzymes in ; yeast). 

A long discussion tiien arose on the question 
whether any essential difference exisk'd between 
the modes of chemical action of these two classes 
of ferments. Moritz Traubc formulated 

the theory that all chemical u<’tion of micro¬ 
organisms was due to en/.ymes produced in the 
cell of the organism, and lie was supported by 
Herthelot, Hoppo-Stylor, utid many others. 
Pasteur, on the otlicr baud, maintained his 
original thesis, and, stimulated by his diKcovery 
((*ompt. rend, 16(>1, 52, 344, 1200) that many 
micro-urganiBins could Live m the absence of 
free oxygen, developed the view that fermenta¬ 
tion was life without^ free oxygon, the physio¬ 
logical function of the process being to supply 
the organism with the oxygon or the energy 
necessary for its metabulisra. I’astour’s theories, 
aided by his brilliant exposition and ingenious 
experiments, gained the day for the vitalistio 
view, eepociolly as the supporters of 'i'raubo’a 
conception were unable, in spite of many 
attempts, to adduce puKitivc evi<iencc of the 
isolation of an enzyme capable of producing 
one of the fermentations characteristic of living 
organisms. A middle path was taken by 
Nigeli, who suggested the idea that the power 
of producing fermentation was restricted to the 
living protoplasm of the cell, and consisted in 
the transference of a molecular vibration from 
this to the fermentable substance. 

This theory was disproved a()d the original 
idea of M. Traube strikingly confirmed in 1897 ■ 
by Eduard Buchner, who succeeded in preparing 
from yeast a liquid capable of fermenting sugar. 
It has since been shown that the lactic and acetic 
fermentations can also be produced in the 
absence of living cells. Buclmor’s experiments 
disprove the vit^atic theory as held by Basteur, 
ana the view is now generally adopted that 
micro-organisms produce chemical cliangc by 
means ‘of enzymes present in their cells. The , 
chemical chaimes produced by micro-organisms 
we thus brought into line wiCh those effected by ; 
the numerous and well-known enzymes secreted 
bv the cells of various organs of the higher 
plants aiid animala as well as by micro-organisms, 
and the modern conception of fermeniatio# 
embraces all the different changes^ produced by 
(duBe vaciotis agents. 

0«Be^ jmpertlei of muymes. It has been 
lotmd that enzyBUB Iniag about ohemieal 


: change by acting as catalytic agmita; that is 
to say, they gre^y increase the velocity of the 
particular reaction in question without them* 
selves undergoing any permanent change. No 
vo^ definite criterion of an enzyme as distin¬ 
guished from A catalyst in general, exists, but 
the term is generally limited to catalysts formed 
by living organisms, and it is an almost in* 
variable rule that enzymes in solution are 
thorinolabile, losing their activity as a rule 
rapidly at 70'^. In the alwenco of moisture, on 
the other hand, they ai'c much more stable, and 
may bo heated in some caste to 110” for a con* 
sidorablo time without being destroyed. In • 
this respect, the inactivation of enzymes by 
heat bears a close reNcmblanco to the heat 
coagulation of proteins (('hick and Martin, J. 
Physiol. 1910, 40, 404). 

(Iheniically, tlic enzymes arc presumably of 
a very complex character, but they have, up to 
the jucsent, evaded the skill of the chemist, no 
oju' of them liaving been isolated in a pure 
condition and submitted to investigation. It 
appeal's, however, to Jiavc boon established with 
Huinc degree of probability that certain enzymes 
(pcfwin, diastase) arc not. jirotoins. All enzymes 
appear to form colloidal solutions, and in agree- 
mont with thin they only possess very slight 
powere of diffusion, so that they only pass 
slowly‘and imperfectly through the ordinar)^ 
diuIyHing inoinbrunus. 

Ecto- and Endo enzymes. In many cases, 
the onzyin(v<, after being claburatod in the cell, 
arc excreted into the surrounding medium, in 
which they produce their characteristic effects. 
This is the ease, for example, with some of tho 
(lige«(iivu ferments of the animal body, the 
jityalin of tho salivary gland, tho pepsin of 
tlie stomach, the tryiisin of the pancreas (in this 
COMO in an inactive‘form) being ail poured into 
some portion or other of the alimentary canal, 
(n other civsoh, tlio enzytuo docs not pass out of 
th(4 cell, tho chemical change in question taking 
])hice inside the cell. The Ijcst known case o! 
this kind is probably that of alcoholic fermenta¬ 
tion, which occurs ontirciy inside the yeast cell. 

A second point of dilreroneo lies in the be¬ 
haviour of enzymes towards solvents. Many 
enzymes {pcloenzymtui) can readily bo extracted 
by such solvents as water, normal saline (0*8 p.c. 
sodium chloride solution), and glycerol from the 
cells after tho organism has died. Thus pepsin 
and chymasc, tho enzyme of rennet, can be^ 
extracted by weak acid or glycerol from the 
monibrano of the stemach of the calf or other 
animal. Others again cannot be removed from 
the cell in this way until the coll wall has been 
ruptured, or rendered permeable by drying 
or treatment with reagents, and these are tenned 
endoenzymts or inlraceUular enzymes. Tho auto- 
elastic enzymes of the animal b^y are instances 
of this, os arc also tho zymase and tryptose of 
yoast. 

Exirartlon of enzymes. These facts ptovidc 
the clue to the practical methods adopted for 
the extraction of enzymes. 

1. Soli^le mzymta can be extracted Iw 
digesting the finely divided materia wMjp 
contains them with water, saline, or 
The enzym# solution is then poffred off, pniHed 
out or separaW by centrifugalisatioii^ acoordi^ 
to circumstaaoes, and efllitf need direofly 
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submitted to some pro(T8H of purification. In 
Home cases it ih ncci'Hsary or advisable to treat 
the material with dilute acid to convert the 
inactive proenzyme or zymogen of the cell into 
the active enzyme. As in the instances of 
invort4i8e and maiiase, it in often essential that 
the cell shall lx; kilh^d before being subinitted 
to extraction. Tliis is best accomplished in 
tlicsc coses by tn^atment with chloroform or 
other (invertase) or by drying and heating the 
yeast (maltose). • 

2. Insoluble, or eudo-enzymes are extracted 
l>y first of all rujituring the cells by some process 
oi grinding, and tlieii reinoving the li([ui(l cell 
contents by simjjle jin^sure with or without tlie 
addition of some substanej* like kieselguhr, 
which greatly facilitates the proews, but lias 
the disadvantage of rc'taimng somi^ of the 
enzyme. A tyjiieal instanct' of this is ofTorded 
by the yireparotion of yeast juice from yeast liy 
the inetluKl of K. an<i Jl. itiielmer and Ifahn, 
which is deecribed below under th(‘ lieading of 
Alcoholic fmiuntation. lu other eases, the 
tissue or organ may be. simply inineed or frozen 
and timdy slued, ami may then be extracted 
with water or saline. 

Dry preparations of enzymes. A solution of 
an enzyme in an arjii('ou.s fluid often loses its 
.cliaracteriHlie propi'rtic'S xoiy (piicldy, citlicr 
on Recount of the instaliility of tlie enzyme 
itself, or because- of the jiresenec of other onzynris 
which bring alxmt its di'cionijmsition. Such 
solutions are, inoreoscr, extremely liable to in- 
fecition l>y moulds, yeasts, and bacteria, and 
muHi cither be kept at a low teinperaturo or 
treated with some antisejitie. Dry preparations 
arc found to be mueli moix' permanent, and, 
when (juite dry. can be kept for long periods 
without undergoing much loss of power. 

They may be obf ained, in the first plac<*, by 
the evaporation of tlie solution I'n. tyic/Kj at ns 
low a temperature as possible, the product being 
usually a scaly mass. A second and often more 
convenient metluxl consists in precipitation by 
alcohol, nearly all rnzynios being insoluble in 
70-b0 p,c. alcohol, 'riie chief practical dilbeulty 
of this method li<« in tiie fact that aqueous 
alcohol frequently ap])oars to exert an extremely 
detrimental (ifiect on the enzyme, so that the 
process must in such cases lx> carried out with 
great rapidity. The final deliydration is usually 
effeoted by treatment of the pn'.eipitate with 
absolute alcohol and then witli etmw, a fine 
white powder being thus obtaine<i. 

Jt la not, however, in all cases necessary to 
‘ extract the enzyme from the organism wbi{^ 
contains it. Thus, for exauTiile, crushed castor- 
oil seeds arc commonly used for the purpose of 
decomposing fats by means of the lipase which 
they contain. Bucbncr and his colleagues have, 
moreover, boon able to offoet several types of 
fermentation (alcohobc, lactic, acetic) by means 
of the oollfi of the organism, whicli have been 
simply killed by dry neat or killed and dehy- 
dra^ by treatment with alcohol and ether or 
\rititii acetone. 

^ivlftcatlon ot ensymes. Tlie pu^parations 
by the foregoing methods are all 
e^^mely crude, and contam, in addition to 
other enzymes, large proportions pi extraneous 
matter, cUefly consisting of mineral salts, 
especially phosphatro, proteins, and carbo¬ 


hydrates. Many attempts have been made to 
remove these by various processes of chemical 
precipitation (lead acetate, &c.), salting out, 
malysis, treatment with yeast to remove sugars, 
&c., and thus to arrive at a pure enzyme. 
Borne of these cases aro mentioned later on, and 
there is no doubt that a considerable degree of 
purification can be effected by these methods. 
The usual experience has, however, l>6en that 
with iniu-easing freedom from such substances, 
the enzyme becomes more and more susceptible 
of chang<s and finally loses its ailivity before 
anything which can he regarded as an individual 
chemical compound has been isolated. 

Mode of action of enzymes. Enzymes act as 
catalysts, but (bfJer from catalysts of known 
symmetrical constitution in Ixung specific in 
their action. The three disaccharidcs, sucrose, 
ranitose, and lactose, for example, are all 
hydrolysed by the same acids, although at 
different rates, whereas each of them requires 
for its enzymic hydrolysis a special enzyme, 
which lias no action whatever on the other 
two. The most probable view as to the mode 
of action of enzymes upon the sulistance to be 
decomjiosed, known as the subshufe or zyniolyte, 
IK that in the first place some sort of combination 
lietweeii tho two occurs, and that this is then 
followed hy the comparatively slow breaking 
up of this complex, with liberation of the 
enzyme and the products of decomposition of 
the zyniolyte. As soon as a eeriain limit of eon- 
eentration of the Rulwtrate is rouehod, therefore, 
the limit of this rate of decomposition is attained, 
and any further inerease in the concentration of 
the substitute is then unable to produce any 
increase in the number of decompositions per 
unit of time, or in othiu* words, alter a certain 
concentration is readied, equal amounts of the 
Ruhfitrate will be decomposed in equal times. 
In presonco of an exocss of enzyme, on the other 
hand, the rate of action will vary with the eon- 
eentration of the substrate. These conditions 
appi^ar t«) be realisable in most cases of 
enzyme action, but since the absolute con¬ 
centration of the enzyme is usually very 
small, decomposition of equal amounts in equal 
! time's is usually the more obvious, 
j Most of the enzymic decompositions which 
I have been studied from this jioint of view are 
cases of hydrolysis, which, in the presence of 
acids alone follow the usual course for which the 
equation K=l//(log aja—r) holds. Tins same 
expression often but not invariably holds for the 
i enzymic reaction when excess of enzyme is 
j present, at all events over a short range of con- 
j eentration. When, however, tho rdations of 
j concentration are such that equal amounts are 
I decomposed in equal times, K, calculated by the 
i foregoing expression, would increase with the time 
i inBtead of wing oonatant. On tho other hand, 

: anj'thing which lessens the effective corfoentra- 
! tion of tho eirzyra^ will lower the rate of action 
' and b'ftd to a d^ecrease of K. In many enzyme 
actions, there are at least throe causes which tend 
I to produce this effect. In the first place, the 
■ enzyme itself tends to bocoi^e inactive. This 
l^hange sometimes proceeds too slowly to have 
i any effect on the result (e.g. in Sentoris experi- 
' ments on the decomposition of hydrogen peroxidiQ 
i by hemase); in other cases, it occurs bo rapidly 
I as to influence the velocity very peroeptlUy'(e.p. 
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in (dcoholic fermentation by yeaet juice, in which 
the fermentation oeaaee for this reason). In the 
second place, the products of the reaction often 
diminisn the rate of change to a greater or less 
extent. Thirdly, a slate of equilibrium is often 
attained short of complete decomposition, and 
this also causes a decrease in K. Very valuable 
information can be obtained about the course of 
the reaction by determining tiie initial velocity 
of the change under various conditions of con¬ 
centration, as these inhibiting influenei's are 
thereby, to a large extent, eliminated. In thin 
way, A. J. Brown showed that the apparent 
monomolecular (’(uirsc of the invoi'ston of cane 
sugar by invertase was, in reality, due to 
secondary effects. When a scries of concentra¬ 
tions of sugar were taken, tlic initial rates of 
change were found to be equal, whereas in 
rosenco of the products the rate of (change 
iminished almost in agreement with the numo- 
molocular law. This same effect is obvious in the 
results of Hudson with cane sugar, ami of Kastle 
and Loovonhart with the decomposition of 
ethyl butyrate by lipase. 

It appears, therefore, tliTit, a-s a rule, the 
velocity curve of an enzyme reaction e.xproases 
the resultant of a very eonipHcntcd system of 
phenomena, and can only be properly interpreted 
when a considerable number of experimesnts have 
boon made to asi'crtain all the factors concerned. 

When the sulistrat-e is present in large excess, 
ineroaso of concentration of the enzyme fre¬ 
quently increases tlie rate of change propor¬ 
tionally, in agreement with tlie usual experionco 
with inorganic catalysts. Tliis is, for example, 
true for invertase. In some cases, however, the 
rate increases in proportion to a fractional power of 
the concentration otformeiit. This is the case when 
pepsin acts on dissolved albumins, tlie amount of 
action in equal times being proportional to the 
square rootof the concentration of m.*psin(Schutz), ; 
and a similar rule appeam to hold for many 
enzyme actions. It is explained by Arriicnius on 
the ground that the enzyme combines with the 

E roducta of the reaction (Immunochemie, 
eipzig, 1907). In other cases, the amount of 
action is found to be constant whim the product 
of amount of ferment and time is constant, or ! 
'Fxi=k. This holds for the action of pepsin 
on coagulated albumin, for that of trypsin on 
caseinogen (Hedin), and in many other eases. 

The inhibiting influence of Xho products of 
the reaction is in many caaoe spt^cific, numerous 
instances of this having l)ccn observed among 
the sugars and amino-acids. Thus invertase is 
inhibit by fructose (A. J. Brown), but not by 
glucose (Armstrong); lactose by galactose but 
neither by fructose nor glucose, &c. 

As regards the nature of the combination 
between enzyme and substrate, very little is 
known. Many mvestigators, however, adopt the 
view'of B&yuss that it is of the nature of 
adsorption rotweon the p&i^icles of the colloidal 
enzyme and the substrate, and find ing^his an 
explanation of such-relations as ore exemplified 
by the proportionality between amount of action 
wd the ^uare root of the concentration of 
enzyme, disouseed above. It is in favour of tSa 
view that enzymes are colloid^ substances'and 
that enzyme actions are thoefore cases of oata- 
Nw in lieteroffeneouB r^teons {see Bayliss, 1919, 
The Nature of Enkyme Action, vii.l. 


Whatever the nature of the combination, it 
appears to render the enzyme less susceptible of 
change whether by rise of temperature, spon¬ 
taneous decomposition, or the action of other 
enzymes. 

Conditions of enzyme action. The rate of 
action depends on several factors, in addition 
to the coneentrations of cnzjTne and substrate. 

Temperature .—The effect of temperature is 
primarily to raise the rate of reaction. The 
teinpcratuTc coeflicicntH of enzyme actions are, 
in general, of the same order as thwe of ordinary 
chemical eliangw (ctnulsm, amvlase, rennin), 
but are Kometimes (Kinsiderably higher (trypsin),- 
and in other eases lower (lipase, catalase). The 
fact that rise of tciiiperature gradually inaoti- 
vak‘S the enzyme gives rise to tlio phenomenon 
of an opthnuiii ternpcralure above which rise of 
temperature causes a decrease in the measurablo 
rate of the reaidion. This optimum naturally 
varies with the duration and conditions of the 
experiment. 

Uydrotjen ion conccniratio7i [H’j. It has 
been shown bv Sorensen (Bioidicm. Zoitsch. 
lOUH, 21, i:Jl.''20l, 279; 22, ;152; that tliis 
is a most important factor in enzyme action, 
affecting both the rate of reaction and the rate 
of inactivation of tlic en/ymo. For each enzyme 
an optimum [H'J exists, ami according to 
Michaelis (Bioeheui. Zeitscli. 1909, 10, 81, 480; 
17, 281; and many otlier papers), who rraards 
the enzymes os amplioteric electrulyfcen, this is 
the [U'] at which the greatest number 
of active molecules of enzyme exist, those being 
in some eases the anions (diastase, maltase, 
trypsin), in other tlie cations (pepsin), and in 
others the electrically neutral particles (in- 
vertose). Jn praid-ico, Horouscu’s 'buffer’ solu¬ 
tions, sucli 08 mixtures of the mono- and di* 
hydrogen piiosnliatos, can be used to regulate 
the [H‘J and thus ensure the optimum or any 
other required condition. 

JnactiixUion of enzymes. All enzymes in 
aqueous solution become inactivated when the 
temperature is raised sufficieotly, but the rate of 
inactivation varies for the different enzymes, and 
also depends very greatly on the I.H’ ] of the solu¬ 
tion. It is usually very rapid at about 60®--70®, but 
in a few cases (some oxides and proteases) the 
enzyme is not completely inactivated by boiling 
for a few minutes. The process of inaotiyation 
takes the course of a monomolecular reaction (per¬ 
oxidase of milk), and the temperature coefficient 
of the change is in this case exceedingly high 
(2 for 1°, Zilva, Bio-Chom. J. 1914, 8, Q5Q) and 
^almost equal to that of the denaturation of 
albumin by heat (1'9, Chick and Martin). 
Enzymes are also inactivated at atmospheric 
temperatures by acids, and even more readily 
by ukalies. 

Reversibility of enzyme aetion : synthatio 
action • of enzymes. Since enzymes act as 
catalysts, it might be expected from analogy 
with cat^ysts of known composition that they 
would bring about conditions of equilibriun 
affecting the velocities both of the leaotipo 
itself ai^ of the reverse reaction (Tammann, 
Zeitsch. physiol. Chom. 1892, 16, 271). Thna^it 
might be expected that an enzyme which eRtfSted 
the hydrofVsis of a disacebaride into two hexoee 
molecules would, when added to a mixture of 
these two hezoses in tffb i^oper conoentration. 
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synthesise the clisaecliaTidc. In oaoh caeo tlic 
reaction would proceed until equilibrium waa 
produced, and tlu} 8umc equilibrium would be 
attained whether the diHiiccharido or the mixed 
hoxosofl formed i)K^ utarl-ni^-point. 

This oxtiemcly important property of 
enzymoH waw first experimentally demonstrated 
by Croft Hill (Cli(‘m. Sue. Trans. 1898, 834) in tho 
(!a«e of the. action of maltase on maltose, and so 
many instances have since boon observed that 
reversibility of action may now almost )»o Hiken 
as a general projierty of en/.yines. 

The simplest case, so far obnervisl, is tho 
action of lipaHo rui estiTs of the fatty acids 
whiiih oxliibilH all the charai teristie features of 
a reversible reaction (Ra.st.le and Loevenhart, 
Amor. Oheiii. .1. 1900, 24, 491). Tlieso oh- 
servers found that tlu; liydrolysis of (dhyl 
butyrate by the lipase of tlie paiuToas or liver of 
the pig was always incomplete, and that when 
this enzyme was added to a, mixture of butyric 
acid and alcohol (N/90), about Tj p.c of the 
Inflyrio acid was e<mverfcd into ethyl Imtyrato 
in 40 hours at 2r)'\ no <“ster b<*mg formed in a 
control expcrimenl. with tlie bmled enzyme 
solution. 

Tlie roaeiion studied by Croft Hill deservi's 
eonHideration us the first obser\e(i lawc of 
Bynthesis resulting from enzyme uetion, Tlio 
(.change in ({uostion was subsiMpiently found to 
bo of great conqilexit \, and unanimity of opinion 
on the question Inw not yet beiui attained. Tlie 
osBontial facts uliserved liy Hill were: (1) that 
when oonoeiitrated glucose solution was acted 
on by tho maltasc' of yeast, a nortion of the 
glucose was iionvert'i'd into a (iisaechande of 
higher rotation and lower reilueiiig power; (2) 
that when such a solution was diluted, tln^ 
diflaecharide W’aa reconvert'd almost eomjiletcly 
into clucoso. Tliese observations were inter¬ 
preted to mean tliat in eencentratod solution, a 
certain pnqjortion of inaltose (15 p.c. of tlie 
gluoose in a 45 ji.c. solution) had Iw'cn formed 
synthetically from tho glucose, and that on 
dilution the condition of equilibrium had been 
shiftod in the direction of almost oompleto de¬ 
composition of the maltose back again into 
aluooso. It was, liowover, aubsoquently found 
by Emmerling (iter. 1901, 34, 8(K)), that the 
diBOOoharide formed consisted chiefly of a sugar 
isomeric with maltose, which was identified by 
Emmorling as Iho uwmaltose obtained by 
Fischer by the action of acids on gluoose, but 
was regarfed by (Voft Hill os a new sugar, 
revertoae. E. r. Armstrong (I’roc. Roy. Soc. 
B, 1906, 78, 692) confirmed Kmmcrling’s result 
as to the nature of the chief pAxluot formed, and 
further obtained tho paradoxical roault that 
emulfiin wluch docomposoe isomaltoso, but not 
maltose, converts glucose into maltose, and not, 
as might have been expeotod, into t>omaltose. 
Kaoh eniyme, therefore, according to Arrhstrong, 
produoee from glucose the disaccharido whiim 
it is unable to hydrolyse. 

This remarkable result has not yet been con¬ 
firmed, and Armstrong did not asoertain whether 
the lactose formed by the action of ezn^lsin was 
deo^ffiposed by the same enayme preparation 
whOT ito solution was diluted. Mor^ver, only 

a very small proportioa of maltose, appears to 

have been fOnued. Th^ simpleet expiration of 
Omft Hill’s experiment Beems, thei^ore, to ^ 


that adopted by Bayliss, that the maltase em* 
ployed contained emulsin (which has sinoe that 
time boon shown by Henry and Auld (Proc. Boy. 
Soc. 1906, B, 76, 568) to bo preecnt in yeast), and 
that each enzyme syntlioaised from glucose the 
particular diBaccharido which it was capable of 
decomposing {aae also K. F. Armstrong, Tho 
Simple (Carbohydrates and Glucosides, 76; 
Fajana, Zeitech. physikal. Ohein. 1910, 73, 26 ; 
75, 232). 

A suggestion liab also been advanced that 
the HyiitlH ‘818 and hydrolysis of the same com¬ 
pound are effected by different enzymes which 
occu f iog(4 her but arc each only able to diachargo 
the single function of hydrolysis or Hynthoais 
(.s<;<; llo.senthaler, Bioclicni. Zcitsch. 1908, 14, 
238 ; 1909, 17, 257). This idea is rendered 
improbable by the fart tliat in many cases the 
same .state of c(juilibiium ib attained when 
(uizyiiu's of ilitTercnt origin arc employed, and is 
mortiover inconsistent with tbe conception of an 
enzyme as a catalyst (Bayliss). 

It lia.s, liowovt'i’, been pointod out by Fajans 
{l.r.) that the I’n/.yine itself probably takes part 
in Ibe equilibrium, and that tlierefore alteration 
in its concentration might affect tho state of 
oquiblu'ium. This fact would also explain the 
olworvation that the equilibrium in certain 
oaseH of decomposition of acid esters is not the 
same wlien attained by the use of enzyme as 
when brouglit about Ly acid. The practical 
conditioTiH necessary for tho demonstration of 
synthetic enzyme action arc wellexomphtied in tho 
work of Bourqiielot (numerous papers in Compt. 
rend, sincu 1912), who has prqmred a largo 
number of glucosides from tlieir products of 
hydrolysis by the action of emulsin. For this 
j purpose he lias found that the essential condition 
is the limitation of the amount of water present. 
Thus a solution of glucose in 86 p.c. alcohol is 
partially converted by emulsin into 0-ethyl- 
glucoside, whereas this compound in aqueous 
solution is almost completely hydrolysed by 
tho same enzyme, The synthetic action of 
oiizynioB is of enormous importance in the 
biological chemistry of tho living organism, 
since it is probably by tho aid of reactions of 
this kind that the whole work of buildinjj up 
tho tissues is effected. 

Asymmetric and selective action of enzymes. 

It has been shown by the roBcarchee of March- 
wald, McKenzie, and others (Bcr. 1994, 37, 
349, 1368, 4690 ; Chem. 8oc. Trans. 1906, 1373 ; 
1906, 688) that in a reaction in which an asym¬ 
metric carbon atom is produced, the two 
possible optically active isomeridea may be 
produced in unequal quantities provided that 
tho possibility is afford^ by iho introduction of 
an optically active radicle that the leeuHing 
compounds shall not be Ojitical antipodee. 
Thus the reduction of pyrorocemie acid 

CHjCOCOOH 

leads t€' the formation of inactive d2-lactio add 
CHa'0H(()H)'0()0H, whilst the reduction of 
menthyl pyroracemate CHj'CO’CO(X3i*Hi, pro¬ 
ceeds asymmet^cally and yields an excess of 
the ester of the f-acid. More recently, It has 
been shown by Bredig and Fajans (Ber. 1908,41, 

752) that a eatable reaotiem may piooesd 

asymmetrically when the catalyst n itMtt 
optically active. This has bm Irand to he tins. 
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case when {•niootme is employed to catalyse the 
decomposition of d^oamphorcarboxylio acid, 
the d-acid beiim in this case the more rapidly 
decomposed. This is precisely analogous to 
what occurs in many enzyme reactions, the 
asymmetrio catalyst ^ing in those cases the 
pa^icular enzyme involved. There is, it is 
tnie, no/direct positive evidence that enzymes 
are optically active substances, since, as already 
mentioned, no enzyme lias aa yet been isolateii, 
but there is a strong probability that this is 
the cane. 

A good example of tliis asymmetric enzyme 
action is to bo found in the work of Dakin (J. 
Physiol. PK)4, 30, 253), wlio siiowod tlmt the two 
optically active components of inactive til- 
mandclic cater, wlncli are hyilrolysed at e<jual 
rates by alkalis, are deeonipoyod at dilTorent 
rates by the fat-splitting (mzyme c)r hpasc' of 
the liver, the dextro- ester hoing the more rajiidly 
hydrolysed, so that afUir tiie removal oi the 
resulting acid, the residual twter w la'vo- 
rotatory. This action is probably to ex¬ 
plained by the formation of coinjiouiidH between 
the enzyme and ein h of the comjiorn'nts of dl- 
mandelie ester, 'i'lie enzyme being, as explaiiu'd 
above, itself an optically rirlive substance, two 
ditfeivnt uompoundH arc t'ornunl and tliese are 
decomposed at differont rates. Many instances 
of this asymmetry of action are known among 
the ehouiical criungw jiroduccd by micro¬ 
organisms. 'i'hus tlu' oMdation of inactive 
hydroxy acids (McKenzie and Harden, Cdiem. 
8 oc. Trans. 1003, 83, 424), and of the arnino 
aoicla by niouhls, wlilili was used by j*<wtcur for i 
the resolution of such compounds, proceeds in n i 
prouisoiy similar manner; hotli of the com- I 
ponenta uro attacked, but one mom rapidly than 
the other. Similarly, the so-callod alcoholic 
fermentation of the amino acids by yeast, as 
the result of which they are eonverU'd into 
carbon dioxide, ammonia, ami an alcohol, takes 
place more rapidly with one of the comjionents 
than with the other, so that by this means h 
alanine and d-lcucine can readily be prepared from 
the inactive synthetic acids (Klirhch, Bioehem. 
Zeitflch. IDOfi, I, 8), the other component being, 
in each case, more easily decomposed. 

An extreme case of this asymmetry of action 
is presented by many onzyinea whieli only act 
on one stereoisomcridc, and leave the other 
entirely untouched. Some rpmarkablo in¬ 
stances of this kind have been revealed by the 
researches of Fischer and his colleagues on the 
enzymes which bring about the hydrolysis of 
the disaccharides and the glucosidee. The 
relations between enzyme and zymolyte, which 
exist in this group of compounds, have been 
likened by Fischer to those which exist lietween 
a lock and key. The enzyme is capable of 
combining with one stcreoisomehde, but is of 
auoh a structure that not only does the change 
to the opposite optical isomeride prevent oom- 
bloation, but even a chai^e*in the arrangement 
of the groups which condition asymmetry round 
A single carbon atom in the molecule of the 
sugar, just as the change of a single ward of a 
]o^ prevents the key from fitting it. The 
eli M wica l example of this relation is afforded by 
tike behaviour of maltase on the one band, and 
eBankin on the other, lo the yarious disaocharidee 
and glQOQsides, 


; Oluoose forms two atereoisomerlo metiiyl 
I esters, which only differ from one another in the 
arrangement of the groups round the terminal 
I carbon atom, so that their configurations may bo 
■ represented as follows :— 
j CHjO'CK H-O-WHj 

I H(M)H 

I OHCH 0 OHCH b 

I * ik; h(; 

lilVDH HCOH 

CHjOll CJljOH . 

a-U«thyIgiuc()M(Je. /i-Methy]glucoelde. 

OiH! of tiiesc is arbitrarily known as a'lnothyl- 
glucoHide, and the other us ^-mothylglucoside. 
Of tliCHc, the a- compound only is attacked by 
nmlUiKo and the compound only by emulsin, 

I ami pHu-inely Himiiar rolation.s exist between the 
I a- and 3-cthyl giucoKidoB. lloncc maltase has 
I received the mori' precise name of a-glucosid^ 
j (or sometimes a-glucasu), whilst emulsin (or that 
\ funistitucnt of llm complex usually termed 
! emulsin, which efTe(‘ts this particular change) is 
' termed 3-glue()mdase, Ncitfior of those enzymes 
Will attack tlu! and o-methyl gluooaides of 
i /-gliicoNc, wliudi ufv tlie cxacii optical antipodes 
lor ‘ muTor Jinagos’ of the o- and 3-methyL 
' //-glucosidcH, and moivoviT they also have ntr 
action on the corroH]>oiiding derivatives of 
d-mannose, rAgnluctoso, and /-xylose, although 
m each of these thna< coses the differonuo 
between the unattacked uompound and the 
corresponding gluooHu dorivat/ivc extends onlv 
to one carbon atom. On tho other hand, 
d-inothyl tetramothylglucosidc, in which four 
of the hydrugcuH of tho hydroxyl- groups of 
.S-incthyl glucrwidi* iiavo l>ecn replaced by methyl, 
IS hyilrolysed by emulsin, so that this extensive 
introduction of the methyl-grouji haa less effect 
than a change in the symmetry of a single 
carbon atom. 

The other enzymes cajiablo of hydrolysing 
flisaccharides arc equally specifio. Invertase, 
for example, liydrolyseH cane sugar (and possibly 
raHinoKe, which, like cane sugar, contains the 
fructose group), hut haa no action on maltose, 
lactfjse, or the a- and 3-niethyl glucosides. 
Similarly, lactaac only attacks lactose, and not 
cane sugar, &e. 

Tho alcoholic enzyme of yeast also possessea 
a highly specific character, but is not affected 
by such small changes in configuration as are 
maltase and emulHin. Thus d-glucose, d-mao- 
nose, and d-fnictoBc are all fermentable by yeast, 
whilst, on the other hand, f-gluoose, i-mannose, 
and l-fructose are not fermentable, and this is 
also tnic of the ptmUises. 

Similar results Itavc been obtained by Fisdher 
and Abderhalden (Zeitsch. physiol Cbom. 1905, 
46, 52} in examining the action of panereatjo 
juice on the synthetic polypoptideB. Only OBS 
half of the inactive compound is attaokea and 
the products of hydrolysis are always tittae 
active amino-acids whicn are contmned in tiia 
natural proteins. Thus (fl-alanylglydne, ^ 

CH,*CH(NH.)-CONH-CH,-COOH ^ 
yielded gMne and d-akaoine w hyd rol y tis 
products, /-aknylglyoined^elog laft jfiatOQChsd, 
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All those faote aflortl the strongest ovidonco 1 
that combination between enzyme and zymolytc : 
pree>ode« Uio docoinposition of the latter, and 
thoTcj is little doubt that similar conditions hold . 
goaerully ff»r tfie syntlmtic action of onzymefl, ' 
althouglj but f(;w iiiHluni’cK of this have bitheilo 
Ix^en Htudu'd. A Htnkiiig cjuio in point in tlie 
<:o!nbinati(»n Ix'tween hydrocyanic acid and 
bonzaldehydo. Ordinarily tlvoso Hubstancea 
combine to form inactive benzaldeliyde 
cyanohydrin ( 'aH j-lK( ()H) 'ON. When, ^hrjw- 

ever, this reaction in (tarried out in tho presence 
of oinuLsin (or ratlier of that constituent of 
emulsin which is distinguished as liydroxy- 
nitrilase), tho r<“sultmg product is optically 
fbtivo, a greattT projiortiun of tin- d- than of tlii' 
/•cyanohydrin having lieen ffirniod (Kosent haler, 
Hiochem. Zoitsch. 14, and in one i iise 
tho (I- compound being the solo product. 

In nature, tlio asynimetry of action of 
synthetic enzynies i.s of llici most far-reaching 
important', as is I'vide.need by sucli facts a< 
that the sugars, proteins, and many other 
naturally occurring compounds, are all ojdically 
active. Moreover, the asymmetry of action is 
NO groat that in many cases, v.g tliC! sugars, the 
optical antipodes of the comixmnds appear not. 
to occur at all. 

Zymogens. The formation of enzyines in tlie 
cell Ih a subject of gifat iinjiortance. about which 
vary little is knoNvn. In many eases, however, 
it has bocTi ascertained timt the cell (’ontainH an 
inactive Hubstance, li'rrned a zymogen or pro- 
fermont, wh'cli HuliHei|uently lioeoines active 
and can often bo reiidc'i'ed so by treatment with j 
dilute acid. A very st riking instance is alTordcd j 
by tho inactive tryjiHmogmi of the jianereas. i 
Tliia BuliHtanee is eoiittuncil In pancriuitie juice, 
and w quite inactive. Wlien it w mixed with 
intoHtInal juice it is converted into active 
trypsin, by the action of a specific Hulwtanee 
known rnterokinaHV, which is itsilf in all' 
probability an on/.ynie. A case of even gn'uter 
complexity is that of the enzyme throinhaie, 
which brings about tlm clotling of blood. 

Coenzymes. Sonu^ enzyraea are ineapabh^ 
of producing their eharaeteristio elTects in the 
absence of a seeond substance, UHually of a less 
complex character, wliich is therefore termed a 
coenzyme. Tho natui-e and functions of this 
class of substance are little understood {npc 
Alcoholic ftrmenlntiou). 

Classification and nomenclature of enzymes. 
The nomenclature of enzymes is hosod on the 
principle that tho namo sluiuld indicate the 
aubstaneo acted upon by the enzyme, and should 
end with the syllable -atte, which is adojited as 
a spoeitie termination, signifying arr enzyme. 
Tliia fiyatom introduces some (liMicultit's, as 
oertain compounds arc decomposed in different 
w^ by different enzynu*® [r.g. amygdolin and 
ramnose), and some enzymes decompose many 
different compounds (<’.< 7 . the digestive eitzymew^. 
Them difficulties ai'C avoided as far as poa<;ible 
by tho use of special terms, such as emulsin, 
tryptase, invertase, lipase, and further Hpocjfica- 
tion is ^80 Bometimee attained by adding the 
naiaee of the products formed. *' 

^pnae confusion exists in actual practice, 
owim to the name, not of the substar '^ deeoni- 
posed, but of the product being prefixed to the 
termination * > 080 . Th^is alc^olase is occa¬ 


sionally used for the alcohol-producing enzyme 
of yeast, but such terms snould, as far as 
possible, be avoided, as well as those which 
simply denote tho origin of the enzyme, such as 
hounase (for the catalase of blood). 

The Mimjdest and most natural mode of 
classifying enzymc.N i.s by the nature of tho re- 
j actions wliieli they catalyse. Ka{4i group may 
■ Ihim lie furtluT subdivided according to the 
nature of the compound upon which the specific 
action is exerted. 

. The cliiof (!n/ym(« at priwcnt known thus fall 
into the iollowiiig groujw, which agree in tho 
main with tho.NO adojited liy tipjienhcimcr, 
Kider. and oilier writers. 

A. Knzynies producing hydrolysis (hydro- 
la.NCK), 

1 . LipascR, deeoinjiosmg fate and enters; 

' Hfmudirne.s divideil into : 

(n) EKteraHcs, deeonijioHing Himjile esters. 

(6) Lijiasc's, dceomjioHing fats and lipins 
: (lijioid compounds), such as lecithin, Ac. 

I 2. KrizyincH liydrolysing the mudoic acids 
’ and tlioir jnimary products of liydrolyHiH 
(nucleases, &(•.). 

i !1. Enzymew liydrolyHing the complex 8a<-- 
; charides and glui^osirlcs (carbohydraacH). 
j (fi) J)iHiK!charast«, such as mvertaae, maltose, 
j lactaao, ?nelibiaa(% /tc. 

(i) Tri- andt<!tfa-sac(diara8es,suchapraffinaHe. 
(c) Polysaoclyirases, such as diastase or 
amylase, mulase, eytasc or cellulBse, glycogen- 

lUU', &1‘. 

(^/) (lluctwidaHOR, Hueli us emulsin, rliainnase, 
&e. 

4. 'I'lio dige-tive enzymcH, or proteases, hydro¬ 
lysing 1-lic iiroteins, polypeptides, ainid(*H, and 
analdgouH compounds. This ih a very complex 
group, tlio precise relations of which are not at 
all understood, tluire being at present no avail- 
abh^ information ns to tho number of enzymes 
eoncemod in such a proces)? oh peptic or tryptic 
digestion. A good deal of confusion exists in tho 
nomenclature of these enzymes («<?e Fisher, 
Biochem. J. 1910. 13, 424) 

(f/) Simple amidasi's, cauHing the hydrolysis 
of various amino-eompoutids, such as urea, 
arginine, adenine, &e. 

(b) Poptaaos and ereptases, decomposing 
polypoplidea into amino-aeids. 

(c) Proteinoses, which hydrolyse tho albu¬ 
mins. 

(i) Tryjism or tryptase, comprising a large 
number 01 cnr.ymes, occurring both in animal 
and vcgetahlo organisms, wnieh decompose 
proteins and carry on the decomposition to 
the stage of polypeptides or poBsibly even to 
that of amino-acids. 

(ii) Pepsin or pepsinose, comprising the 
enzymes of the animal slomat-h and of some 
plants, which in acid solution hydrolyse pro¬ 
teins, producing albumosea, peptone, and 

! ix)ly|>eplide8. 

i B. Enzymes producing coagulation (coagu- 
lases).' 

1. Thrombose, which jfWiduces the clotting 
of blood. , 

2. Chymos^ or rennet, which effects the 

curdlii^ of milk. , 

3. Pectase, and similar onzymra. 

C. Enzymes producii^ oxidation (oxidases 
and peroxidases). 
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1. Alcohol oxidas«e» oxidUing alcohol to j 

acetic acid. | 

2. Aldehydasca, converting aldehydee into j 

acids. I 

3. Purinoxidases, effecting the oxidation of 1 

the purine baaee. ; 

4. Phenolaeos, tyrosinases, &o., which effort i 
the oxidation of many aromatic p-hydroxy- | 
and amino- derivatives. 

D. Enzymee producing reduction (rodiKiifleH), 
or Himultaneous reduction and oxidation. 

E. ‘Enzymes producing decompositions in- : 
volving rupture of a carbon chain. 'Dicae arc ' 
sometimes known as zynmscH, or fermentation : 
enzymes. 

1. Enzymes of lactic ot'id fermentation. i 

2. Enzymes of alcoholic fermentation. i 

3. Many other enzymes doubtless fall into | 

this group, since there is little doubt that the , 
various fernUmtative changi'S lirought about hy i 
bacteria, &c., ore largely due to enzymes of this i 
class. I 

F. Enzymic producing the dwomposition of : 
hydrogen peroxide into water and oxygon : 
(calalascs). 

Any atUunpt at a detailed account of the 
enzymes is iinposKihle on account' of limitations 
of apace, and only the best invcHtigatcd can be 
even briefly di*scri})e{l. 

Enzymt.s ruoDtri’iNu HvpKoi.vsi.s. 

Lipase. Enzymes capable of liydi-oly.sing 
fata, lecithins, aud the alcohol (‘stei-s of the 
fatty acids occur both in tlii' animal and vege- i 
teble kingdoms. Some authorities distinguisii 
lietwecn trio estor-deeoinposnig enzymes, wiiicli 
they term eateroses, and the true fat-splitting 
enzymes or lipases, but it is doubtful whether 
our knowledge of tlm subject is sufficient to 
justify this. The difficulty of discrimination 
between different onzymew in this group is 
greatly increased by the facts that not onls' do 
the enzymes thoiUHelves appear to bo insoluble 
in water, but the fats are also insoluble. Thos<‘ 
eircmnstances r<*nder the determination of the 
rate of action extremely uncertain. 

The lipases of the animal body occur practi¬ 
cally in all t|)e tissues, but the action of most of 
these appears to l>e confined to the decomposi¬ 
tion of esters, such as ethyl butyrate [ttee Kastle 
and Loevenhart, Amer. Chem. J. 1900, 24, 491 ; 
Porter, Biochem. J. 1916, 10, 523^. 

The chief fat-splitting enzymes of the body 
are found in the secretions of the pancreas and 
intestine. It seems probable that at all events 
the greater part of all absorbed fat is hydrolysed 
before absorption, and this procosH toJees place 
in the intestine. These enzymes are extremely 
sensitive to acids and oxidising agents; they 
decompose alcohol ^ters as well as fats. The 
ffltered extract and the residue prepared from 
these insoluble enzymes are both inactive, 
whereas the mixture is active, and the inactive 
residue can be rendered activti by tho saltfi con¬ 
tained in bile (Magnus, Zcitsch. physiol, ^em. 
1904, 42, 169; 1906, 48, 378; Rosenheim, J. 
Physiol. Proc. Feb. 19, 1910, 14). How far 
this phenomenon depends upon the solubility 
relations of the enzyme or the fat, is' not 
known. 

The vegetable lipases occur in the form of 
Zymogen in tho seeds, and become active during 


ermination. The enzyme of oaslor-oil seed 
as been the most thoroughly investigated. 
This seed is stated to contain an esterase, soluble 
in water, and a lipase, insoluble in water, which 
can be extracted by I -5 N NaCl (Falk, J. Amer. 
(’hem. Soc. 1912-15). The powder obtained by 
extracting the castor-oil Ix'an with other is 
almost inactive, but is nuideivd active by treat¬ 
ment with acid (N/10 sulphuric), and then acts 
most effectively when properly emulsified with 
Uie fat' and a small proportion of acetic acid 
(Connstoin, Hoyer, and Wbirtenlierg. Ber. 1902, 
3.5, 3988; Jalandor, Bioeheni. Zeitach. 1911, 
36, 43,5; Kita. (‘hem. Soc. Ahstr. 1918, i. 274, 
1919, 1 . 503). Under favourable conditions it i% 
HO effieaeiouK that it i.s emjiloyed technically 
for th(' hydrolysis of fats. 

Tlio synthetical ut'tion of animal lipase (or 
esterjvse) and its asymmetric deeoniposition ot 
(//•eatom have already been mentioned,. 

Invertase. Uur knowledge of this enzyme, 
w}ii<‘h brings about the hyilrolyHis of cane sugar 
to friKitdse and glucose, and owes its name tn 
the inviM-Kioii of the direction of rotation from 
dextro- to la'vo-, which neeomjianies the change, 
i.s largely ilue to the elussical researches of 
O’Sullivan aud 'rornpson (Uheni. Hoc. Trans. 
1H9(), 834). It oeeurs in many, but not all, 
spi'cles of yeiwt and in many moulds and 
bacteria, as well as in t.hc! liigher pliuits and tho 
intestine of animals. It is usually prepared 
from bTowem’ yeast; the enzyme can only be 
very inipi/feetly cxtraetial from the living cells, 
cspecialfy when a young and vigorous culture U 
cniploycil, but readily jiasMos into solution in 
waUT when t ho yeast has heiui dried and heated 
or treated with chloroform, toluene, or alcohol, 
It is also jiresent in tlie yeasi-jiiiee obtained by* 
Biielincr’s grinding process, but is best prepared 
liy allowing tho prtwHod yeast to stand in a fliwk 
until it has become liquid, ‘precipitating wth 
47 p.o. alcohol, and grinding the precipitate 
with aiisoluto alcohol. Two kilos of yeast thus 
yield 5 grams of a grey powder containing about 
3‘5 p.c. of nitrogen and 5-8 p.c. of ash. The 
aclivit.y is usually expressed as the time taken 
for a solution of 0'(1.5 gram of tho material 
dissolved in 5 o c. of 0’6 normal sodium di¬ 
hydrogen phosjjhatc to reduce the rotation'of 
20 c.c. of 20 p.c. eano sugar solution to zero at 
20 ", and for the preparation obtained as above, 
this is about 25 minutes. Moro.active prepwa- 
tions can l)c obtained hy rodiasolving in 26 parte 
of water, treating with 2’6 parts of animal char¬ 
coal for an hour, shaking with 10 parts of kaolin, 
and reprecipitating with alcohol. This process 
yields a notorial qjintaining only 0'36 p.c. of 
nitrogen and 2‘07 p.c. of ash, and having an 
activity of 14 minute^, this bciim the most 
active preparation bo far deijcribed (Euler, 
Lindborg, and Molander, Zeitsch. physiol. Chem. 
1910, 09, 152). This result, combined with 
earlier observations of Osbomc (ibtd. 1899, 28, 
399) and Salkowski (ibid. 1901, 31, 306) render it 
improbable that invertase is a protein, but tlm 
question is by no means settled. In Monilw 
Candida (^n.), invertase occurs as a true endo- 
enzyme ii^ich can only be obtained from the 
coll by rupture of the membrane (FUoher<4|^ 
Lindner, Ber. 1896, 28, 3034; Bnchner and 
Meisenheimorf Zeitsch. physiol. CheB\ 40, 16^. 
The action on cone sugar ® accelei»tw by acids 
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np to a certain roncontraiion, the optimum con* 
centration of hydrogen ions l>cing 10"^’* to 10“*'” 
(86ron»on, rend. GarlBberg, 1909, 8, 

1), and is at (men inhibited by aikalia. The 
glucose is liberated in the a* fonn, so^that the 
rotation fulls when un alkali is added, and con¬ 
siderable errors n>ay be introduced in cstinm- 
tioiiH (‘f the rate ot action by polurirnctnc. ob- 
Rorvations from this cauBo {O’Sullivan and 
'roin})sr)n ; Hudnon, d. Aincr. Ch(!m. Soe. 1908, 
do, 1100). According to ViHHcr (ZeitHch. ])lii^sikul. 

ItHlG, 02, 257), (equilibrium w attaim'd 
in norinul cane sugar nobition iii ])r<>iB(5n(’(' of 
invertiiHO wb(^rl *J9 p.c. lias been liydrolywed and 
a eoTT(«])onding Hynthotis (1 ji.c.) probably 
(K^cum in a solution of fructose! and glucose, 
althougli this hoK not Ix'on din'clly provial 

SoiutionH of invertiuu' bydrolyse raflinoB(‘, a 
triHacebaTide yu^Uliiig fruc^tosi', glucose, and 
galacitose on eonqilele bydroivHiH, but. it. is nut 
certain wlietiicr this is actually due to tlie 
invertuHo or wliot.luT a BjiiM’ilic rafhnase in 
pTwent. (’cTlain organistna appear to hydrolyse 
cone sugar hut not ralhnoHc* {Myr(xl(riu>t) and 
otliers an* atatod to hydrolvHc rallinosf' but not 
cano Hugar (iSV/i//c(w(»r(/unowyrr/j ofioi<iioriii< 
(Hny.)). (For the use of invertaso in Gio estima¬ 
tion of cane sugar, ^rc J, Soc. tUicm. ind. 1911.) 

Maltase is best obtained from 'weli-wasiu'd 
bottom fermenlflition yivost by drying it la wciio, 
powdi'ring, beating gradually to UK) ’, and then 
digORting for d days at nir temnerutui'e with 10 
parte of O’l p.e. eaustie sgtla solution and 
toluene, and iinally tillering through a Cliam- 
berland tiltor into situ do flasks (('roft ilill, 
Chem. Soe. Trans. IS'.IK, 0114). u nctiirnl oi' fivintly 
acid Bolution Ixuiig thu.s obtained, It can also 
be extracted directly witli dilute ammonia from 
yeast killed by toluene (Willstatter), 'I'lie en/.y’mc 
cannot bo )Jr^^pa^•cd in an active state by pre¬ 
cipitation with alRihi)] (FiBchcr, Her. ISW, 27, 
1113; ildhmann, ihi<h 3251) although alcohol 
does not affoct the nialttiso content of dry ycoBt 
or tho dried extract. It rapidly hydrolyses 
maltoHo into gliu'ose, 1 c.c. of the extract pro- 
}>ared deacrlbed above decomposing 20 p.e. 
of the maltofto in 20 c.c. of a 2 p^c. solution at 
3(>° in 40 minutes. The Pvntlietic action of this 
extract hoH already l>oon diseussed. The action 
of the onr.yme is at once doslroyed by free alkali. 
Maltaac is very widely distributed, occurring in 
many yenate (but not in S. Marxianus (Han¬ 
sen), o. vxignuii (lianscu), NoccMro'/Hj/corff’s 
Lvidungii (Hansen), <.S. apicMhUm (Ucoa), and 
the laotoHe-fermenting yeaBts), in many bacteria 
and moulds, in the foliage leaves and other 
partfl of plants, and in gprminat<;(l and un- 
germinato(i cereals, being localised mainly in 
the aleurone layer of th© endoeperm (Davis, 
Uioohom. J. 1910, 10, 31 ; DaiRh, liiochem. J. 
1916, 10, 49, 56), and in tho small inUetine, 
lirer, kidnoys, blood, and other kisHuai of 
mammals. Maltaso. as* already mentioned, 
only hydrolysoe a-glucoaidtw, and is therefore 
eomotimes called a-glucosidaac or a-gluoasc. It 
does not affect i^maltoeo, which is a /3-glucoside, ^ 
or trehalose, which is, however, hydr^jlysed by a 
U^ial enzyme, trehalose, which occurs in moulds, 
Atse yeasts, and in green malt. The enzyme 
is very readily inactivated by traCte of acid or 
alkaU, andhaa an optimum temper&ture of about 
40^, Iwing greatly reacted in action at 55^. 


I LaetSM is the specific enzyme which 
hydrolyses lactose into glucoso and galactoec. 
^ It also hydrolyses tho ^-alkylgalactosides, but 
j not the a- compoundH, and is therefore a jB- 
; enzyme. Its rate of action is diminished by 
galantoac, but by no other sugar, and it therefore 
appears to cumbini^ with this substance as well 
as with hustoBO. Lactase occurs in a few yeasts, 
from which it may be extracted by grinding with 
gloss powder and trt*atraent with water (Fischer, 
I5er. 1894, 27, 2991. 3481) or by Buchnef’s 
I ])roiu‘.s.s, hut is best jireparod by extracting kefir 
j grains with water. It also occniT's in some bacteria 
; {h. bulgancHN ((Irigoroll), &e.), and moulds {e.y. 

: Allcfichirin (lai/oin (Saee. «fc Syd.)) and in the 
i small intejdine of e.arnivoroua and omnivorous 
! amuials and of young herbivora (Plimraer, J. 

I physiol. (Jhcin. 1909, 35, 20). An enzyme which 
i de(;ompos(« laeUise also occurs in the ‘ emulflin ’ 

; obtained from almonds (11. E. and E. F. Arm- 
I strong and Horton, I’roe. lioy. ISoe. 1908, B, 

I 80, 321), wliicli probably difTers from yeast 
laidase. J..a(!tuHe, like maltose, etioets the 
synthcHiH of a diMU(!oliari(io, i.iolactoso (Fischer 
a’ml Armstrong. Bor. 1902, 35, 3144). 

Amylase or diastase. Kn/ynm-s capable of 
acting on starch with the product.ion of a sugar 
ajipi'ar to oc(3ijr in nearly all living organisms, 
TIm^ whole question of the haturo of these 
cn/ymes and of their action on starch is one of 
great complexity. The constitution of starch 
and of the dextrins formed from it being still 
; unknown, no clear idea of the chemical action 
j involved lu\s been obtained, nor lius any satis- 
i factory ciiterion lieen found by wliich to judge 
I wiiether only one or several enzymes are jiresent. 

I It is therefore imjiossiblo to do more in this place 
I than give a very brief statement of the chief 
facts which have l)cen ascertained. More com¬ 
plete information will be found in the article 
on BRKWiNo.and in The Principles and Practice 
of Browing, by Sykes and Ling (London, 1907). 

The vegetable amylases or diastases are found 
in the germinating seeds and also in tho leaves 
and other parte of the plant. The sources of 
the enzymes which have been chiefly investi- 
' gated are malt and tho mould Aspergillus oryzee 
j (Ahlburg Cohn), the amylase of which is known 
I 08 takadiastasc. Tho enzyme is extracted from 
j malt by treatment with water or dilute alcohol, 

; and may bo Hoveral times precipitated by alcohol 
' and further pprified by dialj’sis (Lintner), or by 
1 being Baited out from aqueous solution by, 
j ammonium sulphate (Wroblewski). The greatest 
' degree of purification appears to have been 
attained by Fracnkcl ana Hamburg (Hofm. 
Beitr. 1006, 8, 389), by adding a suitable amount 
of basic lead acetate,' filtering, fermenting with 
yeast, and drying. This preparation was strongly 
active, and showed none of tAo albumin reactions 
j except a very faint Millon’s reaction. It ap- 
' poared to contain two enz^ee, one non- 
I diffusible and the other diffusible. On the 
othe^ hand, WroBlowski’s purest diastase bad 
all the properties of an albumose. 

Malt amyUse is most active at a bydn^en 
ion conoentration corresponding to Pa«s4*4-4'd, 
that, from A. oryta at Px»4% (Sherman and 
ooUragoee, J. An^. Chem. Soo. 1919, 41, 231). 

Starch paste is first liquefied by malt extract^ 
and the st^h is then ra|^y converted at 60^. 
into a mixture of m^tose and dextsina, nboQt 
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81 p.c. of stoToh being oonvertod into 
maltose^ and 19 p.c. into dextrin. The further 
conversion of this dextrin into maltose prooeeds 
extremely slowly (Brown, Heron, Morris); but 
according to Maqueniie and Roux, who have 
been oontirmed by 'Bayliss, this ‘ stage ’ is duo 
to insufficient activity of the enzyrae, the con¬ 
version proceeding to completion when the 
enxyme is activatcnl by the Edition of a trace 
ot acid. It appears to be undoubted that 
many complex doxtrins intervene between 
starch and maltose, but their constitution is still 
unknown. The existence among tlu« prodvicts 
of an Momaltoeo CijHgsflii (I-‘hiti‘^^r), has been 
disproved (Ling and Baker). The action of 
dias^e solution which has )>een heated to 
ti8®-70°, is modified, so that l^s mall-oso and 
more dextrin are produced and more dextrin 
remains unchanged, whilst a certain proportion 
of glucose ajipearH. Tliis change in the mode 
of action of the enzyme may bo due to an 
actual modification of tlie enzyme (Ling anfl 
Davis), but is regarded by many as evidence in 
favour of tlic theory (Wijsiniin, Boyerinck, 
Pottevin, Praenkol, and flamburg) that at least- 
two enzymes are present, one of whicii (aniyiasi') 
produoiw dextrin and the other (dextriniu^e) 
converts this into maltose, '(’he separation of 
the enzyme into two parts by dialysis, one of 
which Uquefics starch })ast<% and th(> otlicr 
hydrolyaca soluble starch, is also in favour of 
the oxiatonco of two ciizyrru^. A difTorent 
interpretation of the facts is due t-o .Maijuenne 
and Roux, according to whom starch contains 
two substances, amyiopectiii, to whicli the forma¬ 
tion of the characteristic paste is dui', and 
ami/loae, which is solubl(^ 'The amyloso is con- 
verte<1 by one onzyme of the diastase into mal¬ 
tose, whilst the amylopectin yields the doxtrins 
under the action of a second onzyme. In 
mammals, diaatalic enzymes are socreted by the 
salivary glands (ptyalin), the ptincreoH, an^ the 
intestine, and are also present in tho liver, 
Mood, muscular tissues, and most of the organs 
of the body. These enzymes convert, starch 
and glycogen into maltose, but in many case« 
this is further changed into glucose by tlio 
maltase also present. The optimum activity of 
pancreatic amylase is exerted at Ph= 7 (Sher¬ 
man). 

When a solution of pancreatic amylase is 
dialysed it becomes inactive both towards 
starch (Bierry, Gaja, and Henri, Soc. Biol. 
1906, 60, 479) and glycogen (Norris, Biochem. 
J. 1913, 7, 622), the activity being restored by 
the addition of certain salts, more eepccially 
those of the halogen acids, whereas sulphates 
are Inactive. 

EmqlriP. This name was originally ap¬ 
plied by Liebig and Wdhlcr to tlie enzyme 
contain^ in almonds, which brought about the 
hydrolysis of amygdalin into hydrocyanic acid, 
benzaldehy^, and glucose, further investiga¬ 
tions (H. £. and E. F. Armstrong and Ho^n, 
Froo. Boy. Soc. 1908, B, 80, 321; Rosentbaler, 
Bioohem. Zeitech. 1910,28, ^S) have shown that 
the * emulsin ’ of these workers contains a large 
number of distinct enzymes, and that the 
hvdrolyak of amygdal^ is a very complex 
imenomeDon. It & most probable that the 
complete decompoMtkm of tto compound 
invdiveB ftt least enzymes, each capable 


of bringing about one stage in the reaction. 
Amygdmin has probably the formula 

C,HjCH(CN)-OC,H,o 04 - 0 -C,HiiO» 
tho gluopse molecule being combined with the 
l>enzaldohyde rcHiduc to form a jS-^luooside and 
the terminal glucose group os an a-fflucoside. 
Tho stages of the hydrolysis arc probably : 

(1) Jiydrol^iH by amygdalase, forming a- 
glucose and f-mandelonitrile-d-glucoside (pm- 
nasin)* 


=c.h.-ch((;n)-(i-('.h„o,+c,h„o. 

(2) Ilydroly.sis of this I'ompound by a 
gluc/jsi<l<i-sr (prunase) into 6-glucoso and d- 
bonzaidohydot^yanohydrin 

(3) ])ci'.oinpoHition of tlie cyanohydrin by 
S-hydroxj/nilrtiasc or hrnzcydnu/^c 

(J«H,-0H(OH)-CN--=0aIJs-CHO-bHCN 


The crude emulsin also effects the synthosis of 
</-heny,akU:hydccyanoliydrin from benzaldehvde 
and liydroiiyunio acid ; but Kosenthaler (Bio- 
ehem.'Zcitsch. IfiOH, 14, 23H; 1909, 17. 2fl7) 
elm’s not regard this as a reverwed action of the 
enzyme, hut as due to n different enzyme, and 
claims to have separated tlio two. 

Amygrialasc is, at all events in some cases, 
present m yciwt (Ilcniy' and Auld, Froc. Roy. 
Soc. llKlf), B, 7fi, 5(18): and Emmerling (Ber. 1901, 
34, 220(3, 3810) has observed tno synthetic 

production of amygdalin from l-matidefonitrile- 
glucoside and glucose in pn«enco of crude yeast 
maltose. Emulsin also contains a lactase, to 
which reforenre has already been mode. 

Crude emulsin oc<'urs in sweet almonds, from 
which it is extracted by digqgtion with ehloro. 
form water, and can bo precipitated by alcohol. 
It is also found in many moulds as well as in 
yeast. Tho jS-glucosidase also occurs in many 
oacteria (Twort, Froc. Roy. Soc. 1907, B, 79). 

Tho j8-gUicosidaHe of emulsin hydrolysee the 
^-alkyl-glucosides and many of tho natural 
glucosides, such oh arbutin, salicin, prulaurasin, 
ajscuUn, and many others. It has been largely 
employed by Bourquelot for thy biochemical 
Hynthosis of glucosidoH and disaocharides (^e 
p. 134). 

Other glucosidoclastie onzymee are myroein,'' 
whioh hydrolyses tho sinigrin of mustard, and 
tannase, whicli decomposes tho natural tannins, 
and many more. Of considerable technical 
importance is tho action of the enzyme contained 
in the loaf of tho indigo plant, wnich is termed 
aatase or indiraulsin, ana converts the indioan 
of tho leaf into glueoso and indoxyl, tho latter 
being then converted by oxidation into indi- 
gotin. 

Many bther specific glucosido enzymes are 
known {see The Simple Carbohydrates and 
Glucosides, by E. F. Armstrong, I.<ondon, 1919). 

The digestive enzymes or jmrtatSM oom- 
prise agreat number of hydrolytic agents oaMble 
of replacing^he —NHj group by —OH (amiasses 
or desamidases) or of causing the decompositieo^' 

RNH COtl'+ H,0=RNH, d-R'-COOH 
to which the iiydrolysis of the prot«tns Mipeais 
to be mainiy due. T^e are olasM aooor&lg to 
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tho complet<‘nf«a of tbo docnmpoBition pro- pancreas, os already descnbod (p. 136;, but is 

ducod and the complexity of the compounds applied, as a general term, to a large number of 

attacked iindiT the various heads already given : enzymes, both of animal and vegetable origin, 

1 . Avii<i/tf«'s oT dejia7nula«eii, the most im- which attack alhiiminn and produce from them 

portant of which ai'cclcrate the hydrolysis of poiypoptid(‘s. Among the most important of 
urea and ilu' cunvci'sion of adcniiu^ into hypo- these are the loucotryptase of the leucocytes 
xanthine, and guanine into xanthine. Similar j of tiio blood, the autoclastic enzymes of animal 
change's are often ^iroduced by micro-organisms ! tissues and organs, and tlu; jirotcoclastic enzymes 
[ne.e. Alcohohr finHi nlaltu}i, A'lrivionifical /cr-: of tho lower anmials. Jn the vegetable kingdom, 
7n.mtatwn of ami, and P'utrtfdclim). A jiowcr- many similar enzymes oc-cur, notably pa'paijotin 
ful urease occurs in many jilants, es^]e<'!ally in the melon tree, ('aiica 'pa'paya (Linn.); 
in the seeds, one of llie eliicf sources of tlie bromiim m the pmoaiijile, as well as the 
enzyme being tlie soya bean [(jlycAvc hi.sjndd). \ cudoMfjiln.scs of yeast, and many bacUnia. 

It rapidly dceomjiosi's urea in (hlutci solution Panert'ivs trypsin is most active m presence 

into ammonia and carbon flioxide, aiul, as its i of alkalis, the exact optimum concentration of 
action is strictly speciiic (ArtiiHi rong and Horton, hydrogen ions being dillercnt for diffcronlf pre- 
l*roe. Jtoy. Soc. liU2, 11, 85, itlil}, is emjitoyeil j parations and for difTcrt'iit aubstrates (Long and 
for the eatinmtiou ol urea m liquids (r.j/. urine), ' Mull, .1. Amer. (Ihem. Soc. lfU7, 39, 1081), but 
whmh also conLam other forms of eomlnncd | lieing ajipT'OMinatelv 10“« to 5 X 10“® for fibrin 
nitrogen (Marshall, d. Ibol. ('hem. J913, J4, and li 11)“'" to 5 •, 10“'' for ca8{!mogcn ; 0*2 p.c. 
283; 15, 487, 495; I’limmer and Skelton, ! of Hodiutii earboiiaii' is commonly einjiloyed. it 

Bioohem. J. M)14, 8, 70) I also exerts a et^rlain amount of action in very 

2 . 1'hizynit‘n aiynJtlv. of vnrtnm ■ weak aci<l solution. 'I’iio amount of hydrolysis 

r.orajxirativihj .siinjih' 7iilm)niotifi .'Oihutaucfti. \ is jiroportional to the amount of enzyme and the 
Among thi'se are arginasc (Knssel and Dukm, , time of action, the concentration being in- 
Zeitsefi. physiol, ('hem. 1904, 41, 321 ; 42, I8l) dith'rent' (Lbiilc’in, Mofm. Beitr. IIK)5, 7, 120; 
and eTeatinawe. , I iledni, J. I'liysml. 1904, 32, 408 ; 190t3, 34, 370). 

3. Pt'piafirf! or rr(])laMcn. The Hyntlietic i Trypsin is readily taken up, probably by 
proiluetion of tlie poivjieptideR by Fiselier has j adsorjituin, by fibrin, and can iluiB be removed 
rendered it ]iosHible to olitain a very large j irom solution. It is also adsorbed bv animal 
amount of mformation with resjiect to the j charcoal and cannot be re-cxtracted from tliis 
nature and limitations of action ot the proioo- ! sulistance liy water (Medm). 

elastii' enzymes, a line of res(>arch winch has f^ubstancos which tend to inliibit the action 
chiefly Imen followed by Fischer and Aixler- of the enzyme ami are termed aniiirypHins, 
naldon (l^hrbueh jihysiol. ('hem. Berlin, 1909). occur in blood serum, m parasitic worms, and in 
The relations appear to bi* very complex, and no yeivst, but the nature and function of these is as 
approaeli to finality in the inattiT lias yet lieen yet liil-lc understood {Nce Hodni, Zeitseh. physiol, 
nnidc. i^iem. 1907, 52, 412; Buchner and Ilaohn, 

In the blood, in all the organs and tissues,} Bioebem. Zoitseb. 3910, 20, 171 ; Wcinland, 
ami in the inUw^inuI juice arc found cnzymeH I Zeiteeh. Biol. 1902, 44, 1, 40). 
which hydrolyse polypeptides, but are without j (f) yV;vm or pepaivaJic. This enzyme ifi the 
action on the albumins. The relation to tlie i eharacteristje digestive agent of the gaatric 
polyjxiptidee is highly specific, and only a very [ juice of all vcrtcDrates. It is secreted by the 
careful and tliorough cxaminal ion of the question | cells of the mucous membrane of tbo stomaeb in 
will reveal how lar the hydrolysis of various j the form of an inactive zymogen, j/ropejTfiin, 
polypeptidoa is duo to the at;tion of different 1 wliich Is converted into active pepsin by the 
enzymes. , hydrochloric acid of the gastric juice. It is 

Of the synthetical polyiieptidcs, only those j also secreted by Brunner’s glands in the 
whicli contain the naturally occurring optical ! intejiitine, and is stated to occur in a few 
isomeridcR of the amino-aeids are decomposed. ! flesh-eating plants, sucli as the various species 
Pancreatic tryjwin itself decomposes many ' of Nepenthes (})itchcr plant), Dioncea and 
albumins down to the stage ef polypeptides, | Ih-osem (sundew). The moat characteristic 
and some of the latter are rc'solvcd into ammo- j properties of pepsin are that it only act§ 
acids, whereas others resist the furtlior action | in acid solution, and that it does not 
of the enzyme, and are found in the digested ; hydrolyse any known polypeptide. It con- 
liquid. It is, however, almost certain that pan- S vorte the albumins (pliosphoproteins, nucleo- 
oreatic trypsin must bo regarded as a complex i proteins, gelatin, &c.) probably first into acid 
ooiwisting of a trypsin, cApablc of hydnilysing albumins and then into simpler compounds of 
albumins down to the polypeptide stage, along unknown constitution. These were formerly 
with ono or more peptMce, wliich attack these 1 classed os albumosee, precipitable by ammonium 
simpler compounds (Schaffer and Terroine, J. sulphate; and peptones, non-precipitable by 
Physiol. Path. 1910, 12, 884, 905; Wohlgemuth, , this salt, but precipitahle by phosphotungstic 
Biochera. Zeitsoh. 1912,39, ,302). ■ acid. Tho nature and individuality of the 

The decomposition of simple compounds, | nunferoua compounds of these classes which 
such as the dipeptides, alanyl-alanine. glycyl- j have been described are still involved in obecu* 
glycine, and glycyl-tyrosine, provides an aumir- i rity, and all that can bo said with certainty is 
able opportunity for studying thq- kinetics of i that hj drolysis does not go so far as to produce 
^ozyme action. ^ , simple amino-acids. The least impure fonn 

4. The /VofetnoMS. Enzymes eapaible of itydro- \ of pepsin appears to have been obtained by 

fAs oAttmtax. (a) Trypai^ or tryptase. j Pokelharing (^itsoh. physiol. Ghem. 1902, 26, 
This SMse bdoQgH spwifioally to the enzyme I 8 ), who simply dialysed tho filtered gastrio 
secreted ki fibe inaefuva (zvmosenl form bv the ' soeretion of a dotr.. obtained bv fntnl^ and 
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81 p.c. of stoToh being oonvertod into 
maltose^ and 19 p.c. into dextrin. The further 
conversion of this dextrin into maltose prooeeds 
extremely slowly (Brown, Heron, Morris); but 
according to Maqueniie and Roux, who have 
been oontirmed by 'Bayliss, this ‘ stage ’ is duo 
to insufficient activity of the enzyrae, the con¬ 
version proceeding to completion when the 
enxyme is activatcnl by the Edition of a trace 
ot acid. It appears to be undoubted that 
many complex doxtrins intervene between 
starch and maltose, but their constitution is still 
unknown. The existence among tlu« prodvicts 
of an Momaltoeo CijHgsflii (I-‘hiti‘^^r), has been 
disproved (Ling and Baker). The action of 
dias^e solution which has )>een heated to 
ti8®-70°, is modified, so that l^s mall-oso and 
more dextrin are produced and more dextrin 
remains unchanged, whilst a certain proportion 
of glucose ajipearH. Tliis change in the mode 
of action of the enzyme may bo due to an 
actual modification of tlie enzyme (Ling anfl 
Davis), but is regarded by many as evidence in 
favour of tlic theory (Wijsiniin, Boyerinck, 
Pottevin, Praenkol, and flamburg) that at least- 
two enzymes are present, one of whicii (aniyiasi') 
produoiw dextrin and the other (dextriniu^e) 
converts this into maltose, '(’he separation of 
the enzyme into two parts by dialysis, one of 
which Uquefics starch })ast<% and th(> otlicr 
hydrolyaca soluble starch, is also in favour of 
the oxiatonco of two ciizyrru^. A difTorent 
interpretation of the facts is due t-o .Maijuenne 
and Roux, according to whom starch contains 
two substances, amyiopectiii, to whicli the forma¬ 
tion of the characteristic paste is dui', and 
ami/loae, which is solubl(^ 'The amyloso is con- 
verte<1 by one onzyme of the diastase into mal¬ 
tose, whilst the amylopectin yields the doxtrins 
under the action of a second onzyme. In 
mammals, diaatalic enzymes are socreted by the 
salivary glands (ptyalin), the ptincreoH, an^ the 
intestine, and are also present in tho liver, 
Mood, muscular tissues, and most of the organs 
of the body. These enzymes convert, starch 
and glycogen into maltose, but in many case« 
this is further changed into glucose by tlio 
maltase also present. The optimum activity of 
pancreatic amylase is exerted at Ph= 7 (Sher¬ 
man). 

When a solution of pancreatic amylase is 
dialysed it becomes inactive both towards 
starch (Bierry, Gaja, and Henri, Soc. Biol. 
1906, 60, 479) and glycogen (Norris, Biochem. 
J. 1913, 7, 622), the activity being restored by 
the addition of certain salts, more eepccially 
those of the halogen acids, whereas sulphates 
are Inactive. 

EmqlriP. This name was originally ap¬ 
plied by Liebig and Wdhlcr to tlie enzyme 
contain^ in almonds, which brought about the 
hydrolysis of amygdalin into hydrocyanic acid, 
benzaldehy^, and glucose, further investiga¬ 
tions (H. £. and E. F. Armstrong and Ho^n, 
Froo. Boy. Soc. 1908, B, 80, 321; Rosentbaler, 
Bioohem. Zeitech. 1910,28, ^S) have shown that 
the * emulsin ’ of these workers contains a large 
number of distinct enzymes, and that the 
hvdrolyak of amygdal^ is a very complex 
imenomeDon. It & most probable that the 
complete decompoMtkm of tto compound 
invdiveB ftt least enzymes, each capable 


of bringing about one stage in the reaction. 
Amygdmin has probably the formula 

C,HjCH(CN)-OC,H,o 04 - 0 -C,HiiO» 
tho gluopse molecule being combined with the 
l>enzaldohyde rcHiduc to form a jS-^luooside and 
the terminal glucose group os an a-fflucoside. 
Tho stages of the hydrolysis arc probably : 

(1) Jiydrol^iH by amygdalase, forming a- 
glucose and f-mandelonitrile-d-glucoside (pm- 
nasin)* 


=c.h.-ch((;n)-(i-('.h„o,+c,h„o. 

(2) Ilydroly.sis of this I'ompound by a 
gluc/jsi<l<i-sr (prunase) into 6-glucoso and d- 
bonzaidohydot^yanohydrin 

(3) ])ci'.oinpoHition of tlie cyanohydrin by 
S-hydroxj/nilrtiasc or hrnzcydnu/^c 

(J«H,-0H(OH)-CN--=0aIJs-CHO-bHCN 


The crude emulsin also effects the synthosis of 
</-heny,akU:hydccyanoliydrin from benzaldehvde 
and liydroiiyunio acid ; but Kosenthaler (Bio- 
ehem.'Zcitsch. IfiOH, 14, 23H; 1909, 17. 2fl7) 
elm’s not regard this as a reverwed action of the 
enzyme, hut as due to n different enzyme, and 
claims to have separated tlio two. 

Amygrialasc is, at all events in some cases, 
present m yciwt (Ilcniy' and Auld, Froc. Roy. 
Soc. llKlf), B, 7fi, 5(18): and Emmerling (Ber. 1901, 
34, 220(3, 3810) has observed tno synthetic 

production of amygdalin from l-matidefonitrile- 
glucoside and glucose in pn«enco of crude yeast 
maltose. Emulsin also contains a lactase, to 
which reforenre has already been mode. 

Crude emulsin oc<'urs in sweet almonds, from 
which it is extracted by digqgtion with ehloro. 
form water, and can bo precipitated by alcohol. 
It is also found in many moulds as well as in 
yeast. Tho jS-glucosidase also occurs in many 
oacteria (Twort, Froc. Roy. Soc. 1907, B, 79). 

Tho j8-gUicosidaHe of emulsin hydrolysee the 
^-alkyl-glucosides and many of tho natural 
glucosides, such oh arbutin, salicin, prulaurasin, 
ajscuUn, and many others. It has been largely 
employed by Bourquelot for thy biochemical 
Hynthosis of glucosidoH and disaocharides (^e 
p. 134). 

Other glucosidoclastie onzymee are myroein,'' 
whioh hydrolyses tho sinigrin of mustard, and 
tannase, whicli decomposes tho natural tannins, 
and many more. Of considerable technical 
importance is tho action of the enzyme contained 
in the loaf of tho indigo plant, wnich is termed 
aatase or indiraulsin, ana converts the indioan 
of tho leaf into glueoso and indoxyl, tho latter 
being then converted by oxidation into indi- 
gotin. 

Many bther specific glucosido enzymes are 
known {see The Simple Carbohydrates and 
Glucosides, by E. F. Armstrong, I.<ondon, 1919). 

The digestive enzymes or jmrtatSM oom- 
prise agreat number of hydrolytic agents oaMble 
of replacing^he —NHj group by —OH (amiasses 
or desamidases) or of causing the decompositieo^' 

RNH COtl'+ H,0=RNH, d-R'-COOH 
to which the iiydrolysis of the prot«tns Mipeais 
to be mainiy due. T^e are olasM aooor&lg to 
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781, 1217).* Bach (Her. 1010, 43, 364) has,; 
however, prepared active oxidaaes entirely free i 
from mangane^o and iron, and it is probable : 
that, when preweni, the salts of those metals ; 
only exert, a socondary acceleratinj? action on 
the oxidatifm ))foc(^HH. The attempt of Will- 
Ht&tter and Stull (Annalon, 1918, 410, 21) to ' 
isolate the enzyme from horse-radish resulted in 
a preparation hiivinjx 3000 times the activity of 
the original material as measured by the pro¬ 
duction of purimrogallin from pyrogallolnundor 
standardinod conditions. Chemically it apjK'ars 
to consist of tt nitrogenous glucoside yielding a 
trontose and probably a hexose on hydrolysis. 
It oontaii\s 5*5 p.o. of ash, 0 46 of which is iron. 
The chief types of oxahsing luiz-yuioH known are 
the following : 

1. The peroxidases, wliich occur in all jjarLt- 
of plants. 'I’heir occurre.nco in animal tiHsiios 
dimcult to iwtablish. jia blood produces all the 
reactions a-serihed to ^xu'oxidusoH, and must 
thoreforci Ik^ absent lieforc thi' prcBen(!e of the 
latUir can bo proved {Halelli a.nd Stern, Ifiochem. 
Zeitseh. 1908. 13, 44). A vigorous peroxidase 
occui-H in milk. 

2. The enzymes producing coloured com 
pounds from aromatic phenols, kv. These may 
he known as phenoloMOii. 'riiey produce the 
most varied oxidalions, a<’eoinpaiiied by colour < 
changes, and lu-eordiiig to liacli (Bach and 
Maryanovitseli, liiuehem. Zeilscli. 1912, 42,417) 
the enzynu'H oblained from various sourees 
must bo regarded lus idontical, since they all 
produce tlie same primary oxidising eftects, 
although these are variously modiiied by the 
prt«enee of salts, Sre. The work of Bach and 
Chodut, discussi'il aliovo, npjiluis to thcs<‘ 
onzyincfl. According to Wlicldalo Onslow the 
br(»wning of fruits on iiijui'y is dm‘ to the 
prosonce of a jn'roxidase and an uroinat.ic com¬ 
pound coniftiiimg catechol groujung. The 
oxidation of the laUi'r is ofFected by atinosjihcric 
oxygen, but 19 catalysed by a special mi/.ymc 
(oxygeneni*), and results in t]ic formation of a 
peroxide, the whole system then constituting an 
oxidase, and giving a blue colour witli guauuuim 
(Biochem. J. 1919. 13, 1 ; 1920, 14, 536). 

Laccasc Oi curs m the juice of the lac tree oi 
Tonkin {Rhun vvrnirlfrrd (1).(’.)), and brings 
about the oxidation of the yellow juice ti> the 
black lacquer (Yoshida, ('hem. Sue, Trans. 1883, 
43. 472 ; B('rt.rand, (kmipt. nmd. vols. 118-122). 
It has also boon found in many other jihanero- 

? am8 (lucerne, cabbage, jiotatoos, 4 c.) and in 
ungi. It accelerates the oxidation of <>■ and 
n-polyjihenols (but not of m- compounds), and 
ha« no effect on tyrosine. Ite solutions only 
lose their oxidising powers slowly wJien boiled. 

Tyrosinase. Enzymes capable of oxidising 
tyroHino with production ol coloured aulwtancoH 
ooour widely, Mth in the animal and vegct-able 
kingdoms, wquently accompanied by laeease. 
According to (Jortner (Chom. Soe. Trans. 1910, 
110 ), bdw soluble and insoluble forms of tyro¬ 
sinase oconr in the meid worm (Tnichro molilor). 
The ioBtdablo form eoiifaiiiH iron, but no manga¬ 
nese and is oapablo of oxidising a relatively large 
an|p«ist of tyrosine, producing a series of colour 
thmiuh pi^, rose, violet, and i:'uo- 
Ua^: to bUok (meZanm). It alsb effects the 
oyidntion^. of p-ominophonol, guaioool, gum 
g^MU8k« And 3: i-tiiaminophenol, but not of 


quinol or pyrogoUol. Tyrosinase also occurs in 
many leaves, which become black on drying, and 
in bran. The blue colour observed when oeitain 
mushrooms are broken is not due to the action of 
this enzyme but to that of laccase (Bertrand), 
A very large number of p-hydroxy'pheiiyl deri¬ 
vatives, as well as nearly all derivatives of tyro 
bine, tryptophan, and some of its dorivativefl, 
adrenaline, phenol, an<l jv-iu'csol are oxidised. 

Bach has shown (Bio(4iem. Zeitseh. 1914, 
60, 221) that the action of tyroainaae is very 
comple.v. Tyrosinase contains (1) an arnino^ 
ari.Ja.'^r, which decomposes tyrosine with forma¬ 
tion of some compound (jirobably p-hydroxy- 
])hpnylac«^tal(lehyde) which is capable of being 
ncUiii on by an oxidase, or a jieroxide^hnu 
hydrogen peroxide : 

(2) A non-specific oxidase system (pbenolasc) 
capable, of oxidising this product at the expense 
of atnioHjilmrii! oxygen. In some coses the 
(»rganic peroxide, of thi.s oxidase system is only 
present in traces, but tlic peroxidase is always 
abundant. The action of the atnmoacidaae only 
proceeds in tlie presence of a hydrogen acceptor, 
and this is produced from some substance 
jiresent in the ‘ tyrosinaflo ’ by the action of 
atmosjilierie oxygiui, so tluii the first stage of 
the eliangi' can only coinmencn in presence of air, 

When a mixture of tyrosine and tyroaiaos^ is 
shaken in tlie air, oxidation eommencoH, and a 
deop red eolonred solution is formed. If the air 
be now replaced by nitrogen, this colour dis¬ 
appears, owing to reduction, and a colourlefts 
solution results. If this be boiled, the further 
ai'tion of lhi’> tyrosinase is jirevented, but the 
liipud now gives all the colour changos eharactcr- 
istlc of tyrosine when treated with hydrogen 
peroxide and a iieroxidase. {c.g. from liorec-radislj), 
albliougli these have no action whatever on 
tyrosine itself. 

The various oxidative formentatioas 
brought about by micro-organisms are dis¬ 
cussed la4(^r. 

EnZVMKS PROlU'CING REDUCTION. ReDUUASBS. 

Enzymes are also known in presence of 
which many compounds (colouring matters, 
aldehydes) are reduced. They occur very 
widely in anipial iisauea (liver, muscle), and in 
the higher plants, as well as in yeasts and 
bacteria. • The source of tlic hydrogen in these 
roduetion.s is water, and the change only pro¬ 
ceeds in the presence of an oxidisablo substance, 
which can act as an acceptor for the oxygen, of 
tliis water. If cnee these enzymes produce both 
reduction and oxidation simultaneously, and, 
as the process also involves the decomposition 
of water, it has been termed a hydrnclastic oxido- 
reduction (Oppeulieimer). According to Bach 
(Biochem. Zeitseh. 1911, 31, 443), whose views, 
howavor, require further experimental oon- 
lirmation, the hydrogen forms an unstable 
jjerhydrido of oxygen HgOiH^, which is decom¬ 
posed in the presence of the enzyme, the hydro¬ 
gen being passed on to the reducible substaaoe. 

I Hence he terms the enzyme a per^ydftdose, aikd 
regards the whole proom as closely acalogOttB 
to oxidation by means of a peroxide aim a 
peroxidue. 
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Oa the other hand, Wieland and Thunberg 
(Stand. Arch. FbyaioL 1920, 40, ], where the 
literature is quoted) conaiderGd that the hydro* 
gen ia transferred Erectly from the oxidisable 
eubstanco tu the reducible substance by the en¬ 
zyme, which is accordingly termed dehydrogenast. 

Milk has long been known to contain an 
enzyme of this class (Sebardinger’s enzyme), 
which brings about the reduction of mothyleiu! 
blue in the jircHcnce of formaldehyde, b»jt not 
in its aliseuce, tl»e aldehyde acting us oxygen 
acceptor. It has now been shown that the 
reducing enzymes of tlie tisHues (Haeli), and of 
yeast and some baeti'na (Harden and Norris, 
Harden and Ziiva), are of the Hume type. J iried 
yoo^ and zyrnm (p. 14U), Bacdlua coli coin- 
inuniSf and rabbit muscle can be freed from the 
oxygen acceptor by washing, and then only 
reduce methylene blue in the proHeucc of certain 
definite oxidisablo suliRtantH'H, whieli, however, 
differ for the enzymes derived from diflcrent 
materials, ho that those cannot bo regard<‘d ns 
identical. The ()xygcn acceptor, in the case of tfie 
tisHue reducosoH, is probably an aldchy<io (Bacb). 

A special cose of redueaso actum is the 
cotivorMion of an aldehyde into an e<|uini<,>le(!ular 
mixture of the corresponding alcohol and acid 
(dannizzaro’s reaction), one mokioule being 
reduced and a wecond lU'ting as oxygen accejitor 
and being oxidised. Tliis is bruugiit about by 
an enzyme termed ahiihydojo-, or bettor t/Wc- 
hydomutoHC, wliic’li (x curs in the luer, lungs, iiiul 
spleen (Parnus, Bioehem. Zeitsch. 1010, 2H, 274 ; 
BaiteUi and Stern, Buiclicin. Zeitseh. iUlO, 2b, 
130). The oxidising effect of this enzyme on 
aldehydes, such as Halicylaldchydu, had been 
known for some time Jacoby, Virchow’s 
Aroh, 1890, 157, 235 ; Zeitsch. pliyHioi. Ciicm. 
1900, 30, 135; 1901, 33, 128) before the simul* 
tanoous reducing action was observed. 

•Analogous to tliis enzyme, but dj.slinet from 
it, is ihii glyoxaUise of J)akm an<l Dudley (J. 
Biol. Chem. 1913, 14, 156, 423 ; 10, 493; 1914, 
lb,* 505), which occurs in many animal tisHUCs 
in the higher plants and in yeast, and converts 
glyoxaj end its derivatives into the corresponding 
hydroxy-acids, oxidation and reduction occurring 
in the same molecule : 

RCOCHO+H,O = RCH(OD)0OOH 
It is strongly inhibited by pancreatic extract. 

Catalase. 

This name was given by Loew (BuM. Agric. 
Washington, 1900) to the enzyme which has 
the power of catalysing the decomposition cd 
hydrogen peroxide into water and oxygen. It 
has long b^n known that animal and vegetable 
tissues have the property of producing this 
decomposition, and, at one time, this was 
thought to be a general eharacteristio of all 
enzymes (SchSnbein, J. pr. Chem. 1863, 89, 334). 
Further investigation, however, Rhowod that 
this was not the. case, but that this propgpiy 
belonged to a special, very widely distributed 
enzyme (Loew). The power of decomposing 
hv<ut)gen peroxide is possessed by all the tissues 
of the animal b6dy, and is moat marked in the 
live*. Thus H was found by Batelli and Stem 
(Arab. Fisk^. 1906, 2, 471) that 0-1 gram of 
gpiiiea*p^ fiver evolved f^OO o.o. of oxygen 
tsom 1 p. 0 , hydrogen paroadde at S?*’, whilst the 


ooiTeep<mding number for the blood {ras 490 o.o., 
and for the musole 34 c.c. The ouzymo can be 
concentrated by extracting the tissue with water, 

, precipitating with alcohol, extracting this with 
water, and ^ain precipitating with uoohol. A 
, Himilar process apjilied to blood yielded a clear 
; faintly yellow solution of the enzyme, free from 
blood and fn)m iron (Sentor, Zeitsch. physikal. 

: Chem. l‘>03, 44, 257 ; 1995, 51, 673). Pfepara- 
tioiiH can be obtained from many plant tissues 
in a siciiiar manner, oh well (ks from yeast and 
many fungi and bacteria. It is not certain 
whether the en/.ymee derived from those various 
sources are identical, but Loew has distinguished 
the Holublo and insttluble forms of the enzyme 
, obtained by him fnuu tobacco as 0- and 
a-catalasc, and Senior has named the enzyme 
from blood htemose. 

The catalytic function of tlic enzyme appears 
to 1)0 Htrictly limited to the decora|>oeition of 
hydrogen peroxide. TJie. oxygen is liberated in 
the gaseous stat**, and does notA^ffect any oxida¬ 
tions other than can Im'^ brought about by free 
oxygen. Tlu^ en/.yme is vory sensitive to the 
presoneo of free hydrogen ions, and, aecording to 
Sorensen, acts best in neutral solution, whilst 
alkalis and many salts exert an inhibiting effect, 
ilydroeyaiiie ai id is a powerful inliibitant, but 
; <loes not eauRe any peniiam'nl (diangc in the 
enzyme. Hydrogen peroxide itself exerts a 
destructive action on tli<i enzyme, and honco 
accurate measureiiu'iits of th(> rate or amount of 
deconipositiou can only bo made iii dilute 
solution and in )iresouc'c of a relatively largo 
amount of ei\7yrn(\ Under IheHo conditions, 

. the deeum])Ositiun is monoiuolucular, and the 
, velocity la proportional to ilio eoncentration of 
! enzyme and of hydrogen jx'.roxulo, whilKt with 
incrcikKing conei'iitration of hydrogen peroxide 
the velocity beeoineH relatively slower (Senter). 
Ah the oxygen apjieam to ]>o pro<luccd in the 
, molecular form, it is probaVilc tliat the deooin> 
position uecum in siagoH, either an intormodiato 
compound of enzyme an<i hydrogen peroxide 
being formed which then breaks down, or a 
compound ot the enzyme and oxygon which then 
reacts w’ith a second molecule of tlio peroxide. 

The reaction is analogous in many Teepects 
to the deeoinpofsition of hydi'Ogen peroxitfe by 
! colloidal platinum (Bredig). The catalase is, 
i however, more elfiCaeious, a solution of 0*001 
; gram per litre of catalafto-containing material 
' from blood having the same effect aA a solution 
i of colloidal platinum containing 0*006 gram 
; (Euler, Hofm. Beitr. 1906, 7, 1). 

The action of catalase is measured either by 
titration of the hydftigen peroxide present at 
! various stages of the reaction or by direct 
' measurement of the oxygen evolved. Eatima* 

: tions of the rate or extent of decomposition of 
; hydrogen peroxide by the catalase of milk or of 
' malt (van Laer) have been used in the analytical 
' examination of these materialH. A solution cd 
vegetable catalase is used to remove the exeess 
of nydrogen peroxide froij^cream which hae been 
sterilised by the addition of this subetanoe 
(Budde). • 

The physiological function of catalase in th^ 
auim^ body is not definitely known, *bat It^fe 
conjectured tSzt it may bo to decompose hydro* 
gen peroxide * or complex peroxiaes* ioRBed 
daring proceesee of oxldktioh. 
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A uuml>er of en/ynu« oxIhI which have the 
projHJft-y of brinfiin^ about changcw in various 
Iiqui(iH which result iii the formati(»n of an insolu¬ 
ble material. The itiost important of these are : 

(1) The production of a curd in milk by the 
enzyme of rennet (chymase). 

(2) 'The (coagulation of the blood by the 
enzyme thronibuHC. 

(.’1) The coagulation of niUHeU-. 

(4) The formation of insoluble suHKtanceH 
from the pectins of plants (jH-ctHse). 

Most of th(!su cbangi's aiic exceedingly coinpli- 
eaU'd, the coagulation of the blood being omc of tlie 
most eonijilc.x pbenomena in thi* whole range of 

I ihysiologieal elii'mistry. The only one which can 
10 treated hero i.s tluc aidioii of rennet on milk. 

Rennet, Rennin, or Chymase. l^hizynu's 
possessing the jiower of coagulating milk occcur 
in the form of zymogen in tlie mucous meinhraue 
of the stomach of many animals, and ai'c 
seeroted into the gastric jukcc; similar snb- 
staneoe are also found in many plants. Milk 
is also curdled by jiancreatic tryjisin JUennot 
is usually prepared l)y digt'sting tlie nuimbraiic 
of the sioniaeli of l iu' cailf with Od-0‘2 )».e. 
liydrouhlonc acid, or with glycerol or salieyiKJ 
acid, and can he. precipitated by aleijliol. Souk* 
doubt exists as to tin* relation of lennot to 
piqisin, which is also secreted by tho cells of 
the mucous meinbraiie of the stomach. Aceord< 
mg to Ihwlov (Zcitsch. jibysiol. Chcin. 11)04, 42, 
415), the coaguliitiou of imlk is un elTcct of 
tho action of pcjisin uiuh'r sjx'cial conditions, 
whereas Jlammarsti'n strongly supportod the 
view tliat tliu two enzymes are distinct (Maly’t 
Jalm“Hb. 1872, 1K74, 1K77). The (luestiou is a 
very coinph'x one, owing to the e.Mstence of anti- 
])e}itic and aiit i-reinu't substances in tlie stomach 
nxtracta, but the baJaiicc of omnionnow inclines 
to tfie belief that t wo iniicpeiKmnt mizymes exist. 

Rennet converts tho caseinogen of milk into 
cosi'in, the elmnge most jirobably (but not 
certainly) e-onsistuig in the hydrolytic deeom- 
po.sitiou of the molecule of caseinogen with pro- | 
dui'tion of casein and sopie other product. I’lio ! 
oiVHoin thus produced is jn'oeijiit.ated bv calcium j 
salts as an lusolubki curd, and it is the forma- i 
tion of tliis precijiitute which is observed in the i 
eurdling of milk by rennet. {Sohitions of | 
caseinogen in the mimmum amount of lime ' 
, water or in caustic soda solution are not curdled i 
by rennet, but after treatment give a precipitate 1 
with calcium salts. ! 

Tho time roquirod for curdling is jiroportional 
both to the coneontration of enzyme and of 
caaoinogen. Tho action k favoured by slight 
acidity and hindered by alkalinity. The 
optimum temperature in 37'^-4.'>^ and tho U'm- 
i>erature eoofhciont of tho reaction is about 3 
for 10®. When tho milk is boiled bofon* being 
treated, the formation of curd is inteifered with, 
probably owing to changes produced in tlic 
calcium salts of the milk. The enzyme is 
cajiable of cimlUng 1,000.000 timr^ its 

weight of milk. 

^ Atxohouc Fkrmkntatiok. 

The production of oarbon dioxide and 
alcohol from sugar is by far \ho moat im- 
portantu of all t^ohmesJ proteases of fer¬ 
mentation, and ftas, therefore, been more 


thoroughly investigated than any other chango 
produced by micro-organisms. Although both 
alcohol and carbon dioxide are produced from 
sugar by many micro-organisms belonging 
to the class of bacteria, tho power of bringing 
about tho typical alcoholic fermentation, 
of decomposing sugar almost quantitatively 
into these two sub.stanccs, is possessed among 
micro-organisms only by certain mould|»and by 
a group of unictdlular fungi which belong to 
H<;vciul closely alli<*d families and arc commonly 
groiip(!d together as yi^asts. The biology and . 
mode of culture of thc.so are treated in the 
article on RjiKWiNO. 

(k>in}>aiifion of ymisl. Tlic cell consists of 
membrane, cytoplaHm, and nucleus, but friuch 
doubt exists as to the t'.xact form of the nucleus 
and tlie changes winch it undurgocR during 
fermentation, budding, and spore formation. 
In tlu! cytoplasm occur vacuolt-s, and at various 
stages in tlie life of tlic cell granules of chroma-• 
tin and ^■ollllin are fprmctl as well as fat droplets 
and glycogen. 

Yeast, which has been pressed at about a 
; lialf-ton ]jor square ineli, forms a friable, almost 
wbit(‘ ma.sR, containing about. 70 p.c. of water 
and idcoliol, and 30 p.i‘. of solids. The com- 
])OHition of the diy mattiT of yeast varies so 
greatly with conditions of growth, &c., that no 
I general Ktatcmcnt i.s of much value. Tbo ash, 
j which amount,s to 5-10 ji.e. of the dry residue, 
consists essentially of p(.dasli (K-^O, 28-30 p.c.), 
magnesia (MgO, 4-0 p.e.), lime ((’at), 1-7 p.c.), 
and phosjihoric oxide .(FjOj, 45-50 p.c.), 
togetlKT witJi smaller quantiti(*s of suljihur 
tnoxide, iron, sihea, and traces of ehlonne. The 
exact, nature of tho cell menibrano is as yet 
undecided, but it apjiears to bo closely alheci to 
cellulose, altliough true cellulose! is alismit. Tho 
c.yto])lasni contains a cougulablo albumin, a 
nm‘]('in, glycogen, yeast gum, and a large numiier 
of other compoumlH, in part derived trom these 
by hydrolysis. 

General phenomena of alcoholic fermeifta- 
tion. 1. The frnncntablc. nubdancen. AH yeasts 
whudi ferment glucose also ferment inannoBe 
and lievulose. The case of galactose is different, 
as some yeusls appear to ferment it imperfectly, 
and others not at all. It has been found bj' 
many observei's and may now be rogardod as 
(Established, tliat certain ycaata which do not 
normally fer/nent galactose readily acquire tins 
property when they ar(! cultivated in tho 
)rescnc<#of this sugar, as for example in hvdro- 
ysed lactose. Examples of this are S. carla- 
?>cr|7CN-5i« (H.),iS’^('rrm^'«(H.), S. thermanlilanum 
(Johnson), Ac. Indeed, according to 7.iindaGr, 
all the culture yeasts exhibit this property (see 
Slator, Chem. Soo. Trans. 1908, 217 ; Lindner, 
Wochensch. Braucrei, 1911, 28, Gl). 

The higher saccharides are not directly 
I fermentable by veast, but must first undergo 
; hydrolysis to the simple hexoses. This is 
efft^'ted by hydrolytic enzymee present in the 
yeast, which can, us a rule, be extracted from 
tho cell by appropriate methods. Tho ordinary 
culture yeasts employed in brewing, &c., contain 
maltose and invorta^, but not lactase, and are 
therefore able to ferment maltose and ftone 
sugar, but not lactose. Bottom yeasts appear 
invariably to oontain melibiMe, which deiCXim* 
poses melibioso inte glucose and galactose, 
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whilst this enz^o is lacking in top yeast. An 
an^ytical method for detecting bottom yeast in 
top yeast has been founded on this fact. In 
addition to this, practically all culture yeasts 
are able partially to ferment raflinoee, winch on 
hydrolysis yields raoUbiose and fructose, and 
they probably contain a special enzyme, rnjffitKutef 
which produces this hydrolysis, although it is 
possibti that this is due to the iuvertaso. In 
the case of top yeasts, only the fructose tlius 
produced undergoes alcoholic fermentation, the 
ftielibioso remaining unaltered, whorea?; the 
bottom yeasts deoomi>oso tliis also. De.Ntrin is 
also more or less slowly fermented by yeast, tlu* 
hydrolysis l)eing offect<*(l by a «le\Lri!ms(* or 
aroylaso. This property is of great importance 
in brewing, os a yeast which poftsosses a com¬ 
paratively large amount of this enzyme is able 
to attenuate the wort to a greater extent, am! to 
produce a larger yii'ld of alcohol. Starcli and 
glycogen are unafTocted by yeast, probably 
bocause, owing to their highly colloidal nature, 
they are unable to penetrate the cell. Species 
of •yeast are now known which are lacking in one 
or otlier of all tlieso hydrolytui (“nzyrneH, and 
hence are. incapable of fi'rmonting (he corre¬ 
sponding sugar. 'Phosi' linvi* fn‘quently b(‘en 
employed for the isolation of su'di a sugar 
os moltoBc from mi.vtures containing glucoso 
or fructose, and for tlie analytical ostimalion 
of inixturi's of sugars (Davis and Daish, J. 
Agrio. Sci. IDIJI, /i, 437), and in fact their rela¬ 
tions to the disaeeiiarides are (Miiployed as a 
means of elossification. 'rhiis iS. rnarxianu.^ 
(H.) and iS. vjitgutin (U.) ferment cane sugar, 
but not maltose ; S. rouri (Boutroux) fennontH 
maltose, but not cune sugar; .S’, fiagiti's (Jong), 
found in kefir, fonnentH lactose, and »S. mali 
(T)uclaux) only formenta the simple sugars and 
is without action on the disaccharides. No 
appears to be able to ferment tlio syntheti¬ 
cal disaccharidoH, such as iVimaltose or glueo- 
sidogalMtoHe, and this disability extends lo 
the isomeridea of the hoxoseii, such aa sorbose. 


2. The raif cf fermenUiUnn. by ytast has beea 
investigatod by many authors. It is best 
examined by Slator's method of addii^ a 
suspension of yeast to the solution to be fer- 
mentod, and determining the initial rate of 
fermentation. In this way, all errors duo to 
change in the amount and condition of the yeast 
and to the influence of the products of deoom- 
po-sition are, to a large exttmt, avoided (Ohom. 
Soc. Trans. llMXi, 128). By this and other 
inethod.s, it lias lx>en estalihshod that (1) the 
rate of fermentation is directly pro|K)rtional 
to the nuniher of yeast cells present; (2) the 
rate of fm-nientation iiktcivsi's with the con¬ 
centration of the sugar up to a certain limit, 
and then remaiiLs approximately constant, 
decreasing slightly iw the concentration is 
further augmented. 

Working witli a suspension of 40,CK)0,000 
cells of brewery yeivst ])er c.c. at 30°, Slator 
found that the rate wtis almost constant (or 
glucose concentrations between 0‘5 and 10 
grani.s per lOO e.e. Tlie mode of action of 
yeast is therefore identical with that typical of 
enzymes which has alivady been diseussed. 

M’he rate inereasoa with the tomperaturo, but 
the temperature cocflieiiuit diminishes os the 
tcmpi'rature increases. 'Phe following valuca 
wore obtain(‘d liy Slator ftir glucoso; they are 
independent of the concentration of yoast and 
glueos(>, the class of yeast and pruAcnco and 
alwcnco of nutrient niftt.<'rials, remaining the 
same when inhibiting ageut-H aru present 


Tumii. 

v„wv, 

5“ 

ii'li 

10 " 

3-8 

15^^ 

2-8 

20 " 

2'20 

25° 

l'9r> 

30° 

I'd 


j The tcmporatui*e coeflieient for an ordinary 
I cbomical nuiction is of the same order as these 
i numbei-s, viz. 2-3 for 10°. 


tagatose, &c., to the optical antipodes of the 
fermentable sugars which have been obtained 
by synthesis, and to the pentoses and tetroscs. 
Beyond the simple sugars montioned above, no 
other Bulxstancc apjicars to be directly fer¬ 
mentable by yeast to alcohol and carbon 
dioxide, with tho exceptions of a synthetical 
9-carbon atom sugar and ai glyceraldc- 
hyde and dihydroxyacetone, which, according 
to Bertrand, Buchner, and Meisenheimer (Ann. 
Chim.Phys. 1904, [8J 3,181; Bcr. 1910,43,1773), 
and I/5bedev (Ber. 1911, 44.-2932; 1912, 45, 
3250; Biochem. Zeitsch. 1912, 40, 483), arc 
acted on by yeast, (llycerol, and the higher 
alcohols such as mannitol and duloitol, are not 
fermented. In 1011, Ncuberg (Biochem. Zeitsch. 
1911, 31, 170) made the important discovery 
that yeast decomposes a-ketonic acids 
B‘0O*COOH quantitatively into carbon dioxide 
ukd the corresponding aldehyde {se.e. p.*]51). 
Many hydroxy-acids are also slowly attacked 
by veast, among these being lactic acid (Buchner 
ana Meiaenbeimer, Ber. 1004, 37, 417; 1905, 
38, 620; 1906, 39, 3201; Oppenheimer, Zoitech. 

S ol. Chem. 1914, 89, 45), glyceric acid 
Derg and Tir, 1911, 32, 323 ; Lebedev, Ber. 
. 47, 660), ffluoonio acid, and glyoxylio acid 
(Lebedev, Biowem. J. 1918, 12, 81). 

VeL. in. — T. 


(flucoBc and fructose are fermented at the 
same rate, and this is also tho case when the 
fermenting power of the yeast is partially de¬ 
stroyed by heat, antiseptics, Ac. On tho other 
hand, mannose and galactose may bo fermented 
aha different rate from glucose, and tho rates are 
differently affected by inhibiting agents. The 
temperature coefficients for fructose and man¬ 
nose arc the same as for glucose, that for galac¬ 
tose is slightly loss. 

3. Heat of JermenUition. During the fer¬ 
mentation of sugar by yeast, a considerable 
amount of heat is (Solved, so that the tempera¬ 
ture of the mass rises as tho fermentation pro¬ 
ceeds. The quantity of heat evolved may be 
calculated from tho difference between the heat 
of combustion of glucose (C75’7 Cals.) and that of 
the alcobbl formed from it(2 x 325*7651 *40aU.), 
the remaining product, the carbon dioxide, bemg 
completely oxidised. This difference amonnte to 
22*3 Cals., so that the lArmentation of 180 grams 
of glucose liberates enough heat to raise the 
tcmperatiiH of 22 litres of wator 1^. 3^ 

theoretical number has been conffrmed 
experimenfay of Bouffard (Compt. raid. 1898, 
121 , 357), wEp obtained the value 23*5 Cols. In 
the fermentation of a disacebarids, b&U b sIm 
ovolvod by the hydrolysis to the simple snguv ; 
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but thi« i« umall in amount, being 4-5 Cals, for , 
owe sugar ami Cul". for maltose (Herzog,; 
Zeitsch. physiol, (‘hem. 1003. .37, 383), so that 
the numfjcrs actually observed lor these sugars 
per gram-molccule are ujiproximately twice , 
that for glucose (Rubner, Arch. Hygien. 1'^, , 
48, 2fK); 41), 3,75 ; A. ,1. Brown, ,1. Inst. Brewing, 
IWl, 7,»3). 1 

i. I’mluds oj firmnitiilion. I lie earlier i 

observers (Lavoisier, (Iny-LuBsae) eonsWered 
t.hat in the. proeeH.s of (ermi lltation the .sugar was 
eollipleUiiy deeoiiijiosed into earhoii dio.side and 
aleoluil, iiceortling lo the e(|uation : i 

('Jl,,()„ 2('()ci 2C,11,0 I 

Scliiniilt, in 1817, however, observed the, 
ocourrence of slieeillle acid lil all feriiiellled 
liquors, and the iiiiiouiil of this siibstuiiee formed 
was earefully esliiiiated by Rasleur ((’om]>l 
rend. 18,58, 4li, 8.57), who also made tlic importalit | 
obeervation Hint gdyeerol was .an iiuairiable ; 
product of the feillientation of sugar. Aeeol-d- ; 
ing lo Rast-elir, the products irom ItHt jiarts of ! 
cane sugar, which yield 111.5 3li parts ot iiiveit : 
sugar, are : 


Alcohol . . . ■ 

Carbon dio.\ide 

Bmieinie acid . . . . 

ClvecTol . , . . 

Cellulose, fat., and estraelive 
matter . . . . 


51 11 
4II‘42 
ll-til 
3-1(1 

1 -(K) 

ll),5-3l> 


The proliortioiiB of these products were 
subsequently fuiiiid to be variable and to depend 
on the condition of the yeast, the nature of the 
nutrient iiiaterinl, &e. Many other sulwidiary 
products have now been recognised in addition 
to succinic iieid and glycerol. Among these 
may lie mentioned /.TObiitylciieglycol (in wine 
and eherry braiidv), formic acid, acetic acit. 
propionic aeid, luit.yric acid, and several still ; 
higher acids, which occur as esters (eaproio, ; 
camylic, pelnrgonie, eaiiric, o-nanthylie), amiJ 
formaldehyde, iieetaldeliyde, and traces of | 
higher aldehydes, ]iropyl alcoliol, ii-butyl 
alcohol, isobiitvl alcoliol, loamyl aleoliol, iso- : 
amyl alcohol, e'thylincthylcai-liinol, anil idcohols ; 
containing 11, 7, and 9 carbon atoms, ; 

The alcohols and iddeliydes mentioned above 
are found in tlie spirit obtained by tlie distillii- 
tion of tlie fermented liquids. All such spirit 
yields a Iraetion of high boiling-point, which 
imonnte to O'MI T p.e. of the whole, and is 
known as fusel oil (?.t'.). ffhe discussion wliieli 
has long raged over the origin of this fusel oil has 
been set at rest by the ri-seareheK of Khrlicli 
(Zeitoeh. Riib. Znck. Ind. 1«0,5, 539; Bioebem. 
Zeitoch. IflOtl. 2, 62;-im 18, 391; Ber. 
1906, 39 , 4072 ; and many other jjapenj), wno 
haa proved in the most conolusivo manner that 
tho nighor alcohols and probably the corre¬ 
sponding acids and aldehydes which are observed 
Inferracnted liquids art formed by tho >eMt, 
not from tho sugar, but from the ^mino-acidfl 
produced by tho hydrolysis of the proteins of 

tte medium and of the yeast cell itself. 

The reaction is a general one,*'and require 
the ptwence of living yeast and sugar as well 
as the amino-aoid, Cnder theee circumstance, 
itbe yeast -Aot only ferments the sugar to alcohol 


and carbon dioxide in the usual way, but alM 
brings about what Ehilieh terms the alcoholic 
fermentation of the amino-acids, according to 
the equation : 

ll*CH(NH3)-COOH-i-HjO=-R-CH2‘OH+NHj + CO, 

The ammonia api>ears to be invariably 
fisflimilatod by tlie yeast and is not found in the 
niedium. This fact probably affords the key 
to the biological nignilicance of tho reaction. 

Jt by nioatiH of this change that tho yeast 
iic(jiiircs tho nitrogen ni'ccssary for its existence 
from the ainino-acidy, whicli are usually the 
cliK'f available source of this elonient. 1 ’ho 
whole; change in rendered jKiHsiblo by the 
uLiiiMation of some of the energy evolved by 
the fermentation of .HUgar, whieh is proceeding 
.simultaneously. Klirlich has shown, by careful 
cxiieriments, that in tins way, leucine 

yields the ■isoainvl alcohol 

and /, 8 olcucme <' 2 H 5 ‘OJl((^ll 3 )'(--H(NH 3 )'COOH 
the f^-amyl alcohol 5 ■(' 11 ( 0113 ) CHa'OH, 

I whieh arc the main (joustituents of fusel oU. 

I 'riie other amino-auds yield corresponding 
j products, tyroHino 

I lieinp con\’orted into 7 ;-hydroxyplienylethyl 
! alcoliol or tyrosol UH‘(!oH. 4 ’CHg'C'll 2 'OH, a 
substance ot intensely bitter taste, and phenyl- 
i alanine (NH 3 )' 000 H into phenyl- 

! ethyl alcohol one of the 

chief constituents of oil of roses. It is almost 
certain Hint many of the substanct« which im- 
jiart ffiivour, bouquet, and.aroma to fermented 
liquora have thoiv origin in this manner, so that 
the subject is one of fundamental importance 
for tlie technologist. ^ • 

Succinic acid is also formed by a reaction of 
tliis kin<l, which differ from the forogqjng in ao 
far iw it involvi^a an oxidation. Tho source of 
this Hulistaiice ia glutamic acid 

(!OOH-('H2-OH,/nH(NH3)-OOOH 
which, instead of yielding y-hydroxybutyric 
acid, n.s might have been cxiioctea, is converted 
into succinic acid 


(h)0H'C}I./C'H2*0H(NH.3)-C00H + 20 

=H00HCH.,'HH2C00H+C0,+NHa 
Yeast is, moreover, not only capable of pro¬ 
ducing those changes in amino-acids natu^y 
present in the medium or puijioscly added to it, 
but also decomposes in a similar manner the 
I amino-acids formed by the hydrolysis of its 
■ own albumin. Some of the cells evidently 
I utilise the products of the autolysis of others 
which have died, and hence it comes about that 
even when a pure sugar solution is fermented by 
j pure washed yeast, tho fermented liquid con- 
I tains a certain small proportion of fusel oU, 
Isuccfuic acid, &o. The amounta produced 
j in these circumstances are, however, small, 

' as they arp also when the yeast is grown in 
presence of ammonium salts. It also foUows 
frdin this that when yeast is grown in a synthetiQ 
medium, containing ammonium salts 
the source of nitrogen, the oarten of anyjl^ 
oil or suooinio acid produoed is indirectly 
rived from the sugari'' 



TSRMBKTATtOK. 


U7 . 


It MemB probable, irom tiie experimeDts of 
Kitabaoer and ITromhen (Zolteoh. ph^iol. 
Cham. 1911, 70, 320), that the amino-acid (L) 
first undergoes intlirect oxidation to the corre¬ 
sponding kotonic acid (III.) and ammonia, and 
tut tile acid is then decomposed by the yeast, 
forming carbon dioxide arid an aldehyde (IV.), 
which then either undergoes reduction to an 
alcohol {e.g. fusel oil) or oxidation to an acid 
(e.<^ succinic acid). 


R 

R 

R 

R 

•/H 

■^oi\ • 


(’MO 


<’o 

OOOH 

I. 

COOH 

11. 

(‘OOH 

III. 

IV. 


It is interesting to nolo that the reaction 
proceeds asymmetrloally already described 
{act Enzyme, action). 

It has now been proved by Neuberg and his 
ooUoagues (u. jtoal) that the glycc'iol, which is 
invariably formed during fermentation, and. 
unlike the substances discussed above, is equally 
produced by yeast juice and zyniin in ilio 
absence of living yeast, is deiived from the sugar. 

The production of by-j>r(>diiets is iidlueneed 
not only.by the nature of the available nitrogen 
supply, as already explain(‘<l, but also by many 
other factors. 'Thus, Ashdown and Hewitt 
(Chem. Soc. Trans. 1910, 03(1) have addueeil 
evidence to show that in the ])rosonoe of 
formaUw the amount of aldehyde produced 
diminiahes. 

5. Hatio of alcohol to rurhon dioxulc. All 
these cIoeonipoBitions liave an iniluenee on the 
ratio of alcohol to carbon dioxide produced by 
alcoholic fermentation. The theoretical ratio 
is 46/44»‘r04r>, and Ihisteur, as quoted above, 
octuEilly found 31*11 parts of alcohol to 49'42 of 
cj^rbon dioxide from 1(K> of cane sugar. He, 
however, consiilered tliat sueeinie ueid and 
glycerol were formed according to.the equation : 

= l2('..H.'>.+ 72(:,H,Oj430CO., 
and therefore ascribed 0T)3 of carbon dioxide to 
the fermentation which had produced 0’(>7 of 
suooinic acid, thus leaving 4K‘89 of carbon 
dioxide as the product of the true alcoholic 
fermentation, the (“orrocted ratio being thus 
6rU/48'89=l'()45, exactly the theoretical. 
Similar reeulte were obtained by Jodibauer 
(2!eitech. Riib. Zuck. Ind. 1888, 308), who found 
that cane sugar yielded 49*04 p.c. of carbon 
dioxide. 

Buchner and Meisenheimor (Bcr. 1910, 43, 
1773), working with pure yeast (Race 792 of the 
Berl^ Collection), obtained 40*73 p.e. of the cane 
sugar 08 alcohol, and 49*12 p.c. as cafbon dioxide, 
tiie ratio being I'Ol. They ascribe this excess 
of carbon dioxide to the oxidation corresponding 
to the production of glycerol, the amount of 
which was nut eetimateef. I<i spite of the fact 
tiust no nitrogenous material was added Hb the 
medium, the carbon dioxide and alcoliol only 
n^oesent 0S*85 parts of the 105*36 of invert 
■agar to be accounted for, ao that 6*51 parte had 
liodeigone aome other change. Any caHton 
..dioxufe formed from amino-acids produced by 
‘ ' raia would be included in the amount 
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of yAMf. Yeast very readily eonverte a poition 
of the carbohydrate present in the med||^ into 
glycogen C^IiieOg, which is stored in iha oeU 
(apa Harden and Young, Chem. Soc. Trans. 
11K)2. 1224, whore the literature is cited). 

This material acts oa a reserve carbohydrate, 
and. when the yeast is preserved in abSmoe of 
sugar solution, is slowly broken down by a 
diastatic enzyme, into sugar, and fermented into 
iLl(;oli<^ and carbon dioxide: this phenomenon 
is known as th- autoformontation of yeast. As 
yoivst niay contain us much as 30-40 p.c. of its 
dry weight of glycogen, it follows that a very 
considerable amount of carbon dioxide and 
ab^ohol may lx* produced from yeast alone. The 
autofcrinentation pnicecds more rapidly at high 
tomperaturos (HaMen and Rowland, (hem. Soc. 
Trans. HKIl, 1227). and is greatly accelerated by 
; the addition of many salts (Hartlen and Paine, 
(Mipin. Soc. Proc. 1911, 103) and of toluene. The 
' conditions of formation of glycogen have been 
mvt«tigatcd quantitatively by Pavy and 
Bywatera (J. Physiol. ltK>7. 36, 140), ami micro¬ 
scopically by Wager and Peniston (Annals of 
; Botany, 1910, 24, 45 ; J. Inst. Browing, 1911-2). 

The alcoholic enzyme of ymat. Attention 
has alri^ady been called to the fact that up to 
1897 all attempts to isolate from a yeast on 
’ enzyme capable of producing alcoholic fer- 
. mentation liad failed. It had early been shown, 
at first by Mitscherlich (1841) and then by 
, Hi'lmholtz, that the process of furmentation in 
all probability took place within the cell and the 
. efforts of later investigators had been rightly 
dirocUid towards the extraction of an enzyme by 
! some proecHH of disinUigration or treatment with 
: solvents. All such elTurts wore, however, noode 
I in vain, as wore also attompte to extract the 
: enzyme by freezing or iilasmolysis, the products 
obtained Iming either inactive or owi^ what 
; activity tliey possoiisod to the presence of un- 
’ broken yeast cells or bacteria (hudersdorff, 

I Schmidt, PasUmr, Marie von ManaasSin, Adolf 
Mayor, NagcH, and Loow). A slight modifioa- 
. tion of the grinding processes which had been 
used by several of those authors, led, however, to 
I success. Hans and Eduard Buchner applied to 
' yeast the ]>roc.e8s of grinding with sana which 
• they had previously employed succeesfuUy lor 
' bacteria. By adding kieeelguhr, at the sugges¬ 
tion of Hahn, to the pasty mass obtained, and 
! submitting the mixture to a high pressure, they 
: obtained a clear liquid which was capable of 
; fermenting sugar (Buchner, Ber. 1897, 30, 117). 

J The Tiature of the active agent in yeagt juice. 

Buchner at once established the facm that the 
I yeast juice, prepaid as just described, WM 
1 capable in the absence of yeast colls of producing 
{ alcoholic fermentation, and that this power w« 

I not removed by the addition of chloTofom, 
i benzene, or sodium arsenite, by precipitation 
] with alcdhol, by evaporation to di^eefl at 
I or by filtration through a Berkefeld 

! candle, whereas it was completdy destroyed at 
i 60°. Ho therefore concluded that the f«r* 

I mentative power of the juice was due to a dii- 
I solv^ Bubffbance of the nature of an etuyme to 
which he gave the name of zymase, sevnr# 
of the prop^ies of this liquid, however, rag* 
gested to vaiiiouB investigaton that it not 
contain an enzyme of the ordinary tdnd, Imt 
rather frag;iuente of the living {rtoti^laam ^ tiie 
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ycMt, which retained for ftomc time the functions 
which they had }>o«H(flsed in the cell. This idea 
was in harmony with the facts that the fer¬ 
menting pow<u- <tf tlie juice was rapidly lost on 
preservation, and that comparatively large 
amounU of certain antiscptfcs did undouhted/y 
greatly dirniniHli its a<'tivity. Other olijc'ctions, 
f()und(‘d on tlu' behaviour of the juice on dilu¬ 
tion, &<■.. j)roved not to be well founded. 
Further experienee of t he nature of yenat juice 
has shown that this idea haft little to reecfliiitienfl 
it. The a(‘tion of antisqiijeH in cloHely aiialogoun , 
to their elToct on other enzymes, nTid llie loss of 
fermenting iiowit lias been sliown to be a vitv ; 
complex jinenonumon. No evidence' of tin' 
existence in IIk^ jnii'c of undissolvcd j)roto- ; 
plftsmic fragments has Ijccn jnit forward, uiid 
experiments on the j)reei[)itatj()n of tlu; jiuet' by 
alcohol and etiier show that it these fragincntn ; 
do exist thi'V are able to withstand repeat c'd 
solution in water or dilute glycerol and re- 
precipitation without losing tlieir |)ow('r of 
jirodueing fermentation. Smh projicrtii'S aie 
only consistimt with the pre.sence of an eiizymc', 
and there siH'ins at' pn'senL no reason to doubt 
the existence of sueh an ag<‘nt in yeast juice. ; 

Pre])(iratiou arnl ’jm)pt-riirs of yni'tf jiiicc. 
Fresh brewery yeast is waslusi and pressed out 
nt about fit) 'kilos, per s<|. eni. The resulting 
moss, whieh contains ulamt 70 of water, is 
mixed with an eipial weight of sand, and from 
0’2-()'3 pari of kii'selguhr, care bt'ing taken that 
this is IR'O from acid. The dry powder thus 
formed is tlien ground m small portions at a j 
timu in a large ]iorc('hiin mortar by nu'ans of n 
heavy pt*stlo, until the maas beeonu's pasty, I 
which occurs after about I -2 ininulcH’ grinding, j 
The pa«to is then either directly pr(*HHed out-j 
after being wrapjied m u filter ciotli, the jiressuro ' 
being gradually raised to 00 kilos }ier sq. cm. 
(Huehner), or is mixed witii more kieaelgulir and 
the dry powder nrc'ssed out between layem of . 
chain cloth (MaeKayden, Morris, and Rowland), j 
The yield of juice obtained from 10(K) grams I 
of Iwttom yeast by Huehner is about 320 -400 c.c.; 
that obtained from I'jUgbwh top yeast's is rather i 
smaller, averaging 250 c.c. (Harden and Young). 
The product, after any suspended yeast cells ^ 
have Ixien removed by filtration or eentrifugali- ; 
sation, is a slightly viscid, brownish-yellow, ! 
opalescent, faintly ncid liquid of sii.gr. 1 *03-1 'OO. ; 
It contttins alxnit 8'5-14 p.c. of (lissolved solids, i 
and 0'7-l*7 p.c. of nitrogen, nearly all in the | 
form of aUmm’in, ho that the hquul coagulates ' 
when heated. The ash amounts to l'4-2 p.c. 1 
and, like that of yeast, contains a large pro]ior- ] 
tion of phosphoric oxide. , ' 

An active extract, known as maceration I 
Juice, haa been obtained bv lx*bedcv (I'uinpt. | 
rend. 1911, 152, 49; Ann, Inst. J'asteur, 1912, j 
26, 8) by drying yeast at 25"'-30", and then i 
macerating the dried material with parts of) 
water for 2 Routh at 35®, The lic^uid is then ' 
Altered or oen^tuged and a clear active extract 
is thus obtained. With some yeasts, and 
not^)iy witl^ many English top yeaats, the 
proeOBB iaib, whor^ bottom y'eastr in general 
^^i|o0d naultB. The extract cloeely rreemblee 
TiMt Jttioe obtained .by ffrinding, but usually 
OttirtaiM a laiger unoont m inoisaEiic phosphate 
and a mveh smaUer amount of ^^bogen. 


I becomes hydrolysed owing to the presence of a 
! powerful tryptic enzyme, known ns yeast- ettdo- 
! trypiase. At the same time, the power of pro- 
' ducing alcoholic fermentation is lost, and it 
j seems probable that this due to the action of 
i the tryptic enzyme on the alcfiholic enzyme 
(Buchner). When cxcckh of sugar is added and 
the mi.xture incubated at 25'’, a steady fermenta¬ 
tion (uisucH. carbon dioxide being evolved and 
alcohol ]iroduced in ncuriy the theoretical ratio, 
at a rate winch gradually <lecreasei^ until^he 
])roc(‘ss stops, after 72~9b houin, not from ex- 
hfiustion of the sugar, hut owing to the destruc¬ 
tion of the»activc agent (>f fermentation. The 
juice from bottom yi'asts a}>[jeuT's to be more 
stable and to ])rodui c a soniewdiat greater total 
fermentation than that from top yeasts, 25 c.e. 
of juice producing on the average at 25° an 
('vointion of about l-lm grams of carbon 
dioxide in the case of bottom yeast, and 0‘5-l 
gram in the case of t<»p yeasts. 

Th(' juice fr'rments thosi' sugars which are 
fermentabl(r by the yeast from wliich it is pre¬ 
pared and, in addition, dc.xtrm, soluble starch, 
and glyi'ogen, tlie first, of wliieh is only slowly 
and imperfectly b'rmented by yi'oat, and the 
last two not at all, as already explained. Malt¬ 
ose and cane sugar are liydrulyscd before being 
fermented, and tlic fermentation proceeds just 
UN with the simple sugars. glucns<\ fructose, and 
mannose. Slight dilhuvnces between the rates 
of fermentation and the total fermentations 
produced with these three sugars, have been 
obH(!rved by lliirdim and Young. A yeast, 
whieli ferments galactose, yields a juice which 
also ferinents this sugar, Imt the action is often 
much less jironounced relatively to that on 
glucose tiian is that of the living yeast (Harden 
and Norris). 

Yeiwit juice, like living yeast, exhibits the 
phenomenon of autofermentatinn, which is 
carried out at the expense of the glycogen 
present in it. A diastatic enzyme, capable of 
liydrolysing glycogen, exists in the juice iylyco-' 
f/enasc). ami hcnciC added glycogen is also 
fermented, but usually at a lower rate and with 
a smaller total yield of ga.s than glucose. The 
autofennentation of the juice from top yoaat is 
often very considerable in amount, and may even 
occasionally equal that produced with glucose, 
whilst it is less pixinounced with juice from 
bottom yeoi^t. Maceration juice is almost frees 
from autofermentation {sfc Oppenlieimer.Zeitech* 
physiol. Chem. 1914, 8ft, 03). 

The rate of fermentaiion of sugar varies with 
the concentration of the sugar in the manner 
characf-eristic of enzyraee, and in this respect 
tho juice closely resembles living yeast. After 
a certain snf^ll limit of concentration is attained, 
tho initial rate is practically independent of the 
eoncentration of tho sugar, out decreases 
slightly as this increases. The gradual deetnic- 
, tion 01 tbo enzymes produces a g;cadual. fell in 
I ratei'Which simufales the course of a mono- 
molecular reaction, and is regarded by some 
investigators as evidence that the reaction is of 
this type (Euler, Zoitsch, physiol Chem. 1605, 
44» 53). Increased concentration of the sn^tf 
also increases both the driration of fennentatloa 
and the total fermentation, probably owing to a 
protective action on the fermentii^ meohimia&; 
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dilution, and, with juice of high fermenting power, 
is probably proportional to the concentration of 
the juice. The total fermentation produced is, 
at the same time, slightly diminished. 

Accompanying the decomposition of the 
sugar into carbon dioxide and alcohol, a syn¬ 
thetic action proceeds, by which a portion of the 
glucose is converted into a polysaccharide, which 
ia reconverted into glucose by hydrolysis with 
acid. Hence the observed loss of sugar as esti¬ 
mated by reducing power is usually considerably 
greater than the sum of the weights of alcohol 
and carbon dioxide produced. (This pheno¬ 
menon is, however, differently interpretcHl by 
Euler; ace Harden and Young. Biochciu. J. 
1913, 7, (>30, when? the subject is discussed.) 
Tho exaet nature of tlii.'i complex saceliarido 
has not yet bc(*n delerniincd, but observations 
by Creiner (Her. 1899. 32, 20(52) point to tlic 
possibility of the synthetic production of glycogen 
in yeast juice. As already mentioned, sueomic 
aiud and fusel oil are not fornie<l by yeast juicc, 
whereas glyciTol i.s ])roduoed to the extent of 
about 3 8 ]>.c. of tho sugar fermented. 

The adiort- of auUfuptiCit on. ymst juice has 
lx>eu investigated m sumo detail. Saturation 
with chloroform or toluene or tho addition of 
1 p.u. of thymol lias pTaidicaUy no elTeet, whilst 
tho inhibiting action of substances like plieiml, 
formaldehyde, Ixuizoic acid, and salicylic acid, 
is verjy small in O'l p.o. solution, more con- 
sidorablo in irioro concentrated solutums. The 
fermenting power is dest royed by 4 p.e. chhiral, 
1*2 p.c. phenol, 2 p.c. sodium ttuondc, OTn'i p.c. 
ammonium tluondo, or 12 p.c. hydrocyanic 
acid; but in this last case it is restored when 
the hydrocyanie acid is removed by a (miTcnt of 
air. The action of potassium arsenitc is Home- 
what complex, and is treated later. 

Fermrntatiov by dry pninralion/i of yead and 
yeuHt juice. Yeast juici* can bo evaporated to 
dryness at 37“ without loss of fennonting power 
as measured by the total fermentation jiroducod. 
When the juicc is brought into 10 volumes of 
aoctono and rapidly drained, washed with ether, 
and dried, a white, ])owder is obtained, which is ; 
almost completely soluble in dilute glycerol, and 
retains the fermenting power of the original 
juicc. Dry preparations (^an also l>e obtained 
from yeast without any previou.s grinding, either 
by dicing tho yeast in air and then heating it to 
100* for 0 hours {hefajiol) or by treating it twice 
with a large volume of acetone (or alcohol and 
ether), washing with ether and drying. Tho 
material prepared in the latter way amounts to 
about 30 p.c. of the pressed yeast taken, and 
is known as acetone yeast, jicrmanent yeast 
(Dauer-hefe) or zyniin, and is almost anhydrous, i 
sterile, and quite incapable of growth, but 
readily produces alcoholic fermentation when 
brought into sugar solution. Tho general 
phenomena of fermentation by its moans arc 
the same aa are producisi by yeast juice. Both 
the total fermentation and the rate of lermfnta- ■ 
tion are 4-6 times greater than would be 
obtained with the yeast juice-prepared from tho 
ume weight of yeast. 

The eonditiona of action of the fermenting ag^t 
amtained in peaM juice. The inveetigation of 
(be mode of action of yeast juice on sugar has 
•bown that the iMrooese is very uomplex. The 
euyme is acoompaniod by another eubslanoe. 


termed the coensyme» the presence of which is 
oaseittial for the production of fermentation, 
and, moreover, the ohetnioal change is not a 
simple decomposition of sugar, aooordinff to 
Gay-hussac’s equation, but a complicated re¬ 
action in which a fait of phosphoric acid takes 
part (Harden and Young, Proc. Roy. Soc. B. 
1900, 77, 405, 78, 309; 1908, 80, 299; 1909, 
81,3.3(5; 1910,82,321). 

The coenzyme of yeast juice. When yeast 
juic«! "Im jiassed under pressure through a 
Martin filter, which consists of a Chamberland 
filtering candle impregnated with 7-10 p.c. 
gelatin, all the colloidal matter of tho juice is 
retained on the iilter, whilst the dialysable 
substunoevi pass througli, so that tho constituents 
of the juico are divided into two parts. When 
tliese two iiortioiiH, the residue and tho filtrate, 
are separately incubated with sugar solution, it 
iH found that neither of them is capable of pro¬ 
ducing fermentation. When, however, the two 
solutions are mixed, fermentation proceeds at 
almost tlie same rate os with the original yeast 
juicc (Harden and Ytiiing). Yeast juice, there¬ 
fore, contains a dialysable substance essential 
for tho jiroeess of ^orrnentation, and this is 
jirovisionally teniicd tlio coenzyme or co- 
frr/nr.nt. It is also prcs<!nt m zymin, from which 
it can bo readily removed by simple washing 
with wattu', a iicrfeetly inactive residue being 
left. 

Our present information with regard to tho 
(•(xmzyme may be suinmansod as follows: 
(1) It is thermostable, and is not destroyed 
when its Hulution is boiled. It is thereioro 
present m the IkjukIs obtained by boiling yoast 
'juieo and filtering, by lieating yeast at 100°, 
j or by boiling zymin with water and filtering, 

I and IS host prepared by one of these mothods. 

I (2) It is dialysable, and can be removed from 
yeast juico by dialysis against water (Buchner 
and Antoni, Zeitscri. physinl. Ohoni. 1905, 46, 
13(5) as well 08 Ijy the filtration methods olr^dy 
I d(wcribed. (3) It is destroyed by hydrolysis 
by acids or alkalis, and even by tho continued 
boiling of its solution. (4) It is gradually 
destroyed in yeast juice, less rapidly in presence 
of Bugar, by an enzyme, which appoaie to belong 
to the group of lipases, since the destruction 
iroceeds more rapidly in the presence of the 
ipaso of castor-oil seeds, but is nut accelerated 
by trypsin (Buchner and Klatte, Biochezn. 
ZeitHch. 1908, 8, 520). (5) It is not precipitated 
or destroyed by lead acetate, and can therefore 
be, to some extent, purified by means of this * 
reagent (Harden and Young), lb is precipitated 
by a large volume <«f acetone or ftlcohol along 
with the enzyme and also by colloidal ferric 
hydroxide (Roscnschock, Biochem. Zeitsch. 
1908, 15, 11). The cuenzyme is*also present in 
animal tissues (Meyerhof, Zeitsch. physiol, 
Chem. lOiS, lOl, 166; 102, 1). 

It was found by Opponheimer (Zeiteoh. 
physiol. Chem. 1915, 93, 235) that pyruvic acid 
and its salts, and to a smaller extent aoetal^- 
hyde, exert^ a stimulating action on the 
fermentation of glucose by maceration jtdee, 
and Neuber^ (Biochem. ZeiUch. 1916, 71, IL 
extended tw observation to other o-ketonia 
acids. Moreover, by adding a mixture of a 
Uu^e number *of a-ketonio acids (alo^ with a 
phosphate) to maewation juice inactivated by 
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dialyeiH, or zymin inaclivat^id by washuig, he 
obtained a aniall amount of fermentation' and 
concluded that IhiB mixture could partly replace 
the eocnzyme (Neuberg and Srhwenk, Biochem. 
Zcitsch. 1915, 71, 135). Harden (Biochem. J. 
1017, 11, 04) BubHequently found that acetalde¬ 
hyde wa« cajjable, in proaence of potasHium 
phf)sj)hate, of reactivating wjialied /.ymin, 
preirarod from JCngliMli top yeast. This result 
iH, however, not accepted by Neuberp (Biochem. 
ZoilBch. 1018, 88, 145). Ho also foinid tlmi the 
prosenco of K or NH| ions was necessary for 
the process, and that these could not be re¬ 
placed by Na ions. Pyruvic acid, which is. 
•converted by the carboxylase of the y.ynun into 
acetaldehyde, has a siniilar <*fTecl. it seems 
posBiblc^, therefore, that the coen/.ynic may turn 
out to Ik* acetuldehy<le or sonu' analogous 
Bubstonoe. Neuberg and his colleagues {Hi<»clicni. 
Zcitsch. 1918, HH, 145; 1920, Hil, 270; 
101), 200; 1921, 120, 215) have found that a 
large number of t«‘(liicible substances, both 
inorganic and organic, act as siiuiulants to 
alcoholic feimcnlalion by yeast jirojiarations, 
and in Homo cases by living yeast , and consider 
that they act as acceptors for liydrogcn, and 
thus increase the rate of tlu* reaction. Harden 
and Henley (Biochem. J. 1920, 14.042; 1921, 
15, 175) have found that-, at all eviuitsiu certain 
coaes, the sliniulation is limited to the reaction 
in presence of iihosphate (see below). Stimula¬ 
tion ia also produced by certain Hubstanccs 
which are not easily reducible, such as the 
higher polyatomic alcohols (Nouborg). 

The funclioyt of in nkohohr fir- 

ineniaiiw. The addition ol a sohible jihosjiluiti' 
to a fenneniiiig mixture of yeast juice aiul siipai' 
produces a rcinarkabhi cilect. ^’}le rate of 
formontation is greatly increased, gradually 
attains a maximum, arid remains at this liipli 
value foi' a certain time, after which it rajudly 
falls until it is again Hjijiroxiinutely the same 
as before the addition of pliosphate. During 
this period of enhanced fermentation, the 
amounts of carbon dioxide and alcohol produced 
exceed those which would have been formed in 
the ahecnce of added phosj)hate by an amount 
exactly eimivalent to the phosphate added in 
the ratio R^iPO^; (.'0^4 (Harden and 

Young, t'hom. Soc. Proc. 1905. 21, 189). The 
phoe^ate is. at the same time, converted into a 
phospho-oi^anic compound, termed a hexotir- 
kipk^hate, of the formula ('flH,(, 0 <(J*() 4 R 2 )., 
which is not precipitated by magnesium citrate 
mixture or uranium salts (Harden and Young; 
Ivanov, Zcitsch. physiol. Chem. 1907, 50, 281). 
In other wwls, a definitp chemical reaction 
occoTB aceording to the following equation, 
which is foumied on the ratio both of sugar and 
phosphate to carbon dioxide and alcohol, and 
on the composition of the hexosephosphato 
produced: « 

(1) 2C^vsO,+2R,HPO* 

- 2 CO,+ 20 aHsO+ 2 H, 0 + 0 ,H,flO((P 04 Rj):, 

In presence of excess of sugar the estcri- 

fioation procMtlH aeconliiig to a inopomolooiilttr 

meti'oi), and ia moat rapid in hinlly aJkoline 

thia Tvaciicav mndere it 
je^Kinduites are ce^tial for the 
tA tba -^esst 


juico, and that hi their absence no fermentation 
can occur. This conclusion has been confirmed 
in a very striking manner by exMriment. By 
making use of the methods described under the 
heading of tlie coenzyme, a mixture of enzyme, 
coenzyme, and sugar can be prepared which 
contains no free pliosphate nr hoxoaephosphate 
and very little pliospnorus in any form which 
can yield phosphate by enzymic action. Such a 
mixture is almost comjileti'ly devoid of ferment¬ 
ing power, hut fermentH readily when a small 
proport-ion of jihosplialc is added. In a parti¬ 
cular COSO, the j)ho.Hj)hate-frco mixture only gavo 
1 5 <'.c. of carbon dio.vide, whcrcOH in presence of 
phosphate 132 c.c. were jiroduced (Harden and 
Young, Proc. Hoy. 8oc. B. 1911, 83,451). As the 
result ('f tlu' reaction cxjircsHcd by equation (1), 
])ractiCallY the whole, ot the free phosphate of 
the juice in converted into lu'xosophosphate, and 
the fermentat ion should therefore come to a 
close iinh'Ks some mcaiiH of regeneration of free 
j)hosj)hate wi'rc provided. Actually tlic neccs- 
Mury piioHjiliate is sujijilied by the hydrolysis of 
the hcxosephoBjihatc. wliieli is effected by an 
enzyme, iorniod on tliis account hcxo«ep/io^- 
phaUm, and yjoids a hexose and a jiliospliato; 

(ii) f\Ji,oD4('ru,uj.a2H,o 

Both the iicxosc' and Hic jihospliatc thus formed 
ent(T again into reaction (1). The phosphate 
thus goes through a regular cy<ilo of rhangos, 
being lirst conve^rted into hcxosciiliosphato and 
then liberated by hydrolysis. 

It is now jjossiblc to understand the con¬ 
ditions which jircvail in yeast juice in tho 
preseiXT and absence of addi'cl jihusjihate. 
When the projicr t>r optiinuni amount of phoB- 
jihate is added, reaction (J) proceeds at its maxi¬ 
mum rate, and this rate affords a measure of tho 
concentration of the fermenting complex present 
in tho juice. When all the phosphate bus been 
converted into hoxosephospliatc, tho rate falls 
to a low level, which represents the rate at which 
phosphate is being sujiplied by the hydrolysis of 
the }iexosephos})hatc. The rate of fermenta¬ 
tion under these conditions, the so-called normal 
rate of foiincntation, is therefore a measure of 
the concentration of tho hexosephosphatase. 
If it werc possible to accelerate the rate of 
action of this enzyme t<i fftch an extent that tho 
supply of phfwjihate wus maintained at the opti¬ 
mum amount, the rate of fernienfartion would 
be permanently maintained at tho high level 
observed in pre^eneo of added phoephate. 
Prceisoly this result is attained by the addition 
of a small amount of Bodium arsenate to the 
juico. A largo and permanent rise of rate 
oecuTS, and direct exj>eriment shows that this is 
duo to aoeolcration of the rate of action of the 
heKOKepbosphatase also Meyerhof, Zelteoh. 
physiol. Them. 1918, 102, 185). Areenit« pro. 
duco a somewhat similar but much less ma&^ 
otfe^ (Harden and Young, I.c.). 

Bexosediphosphoric acid. The phoqjho- 


' organic comjwund pft)duced during fermenU&oUt 

which wan hmi ohmrved by Harden and Yonzu^ 

iias since been studied by IvaDov (kc. 0^. 

Baikt. Bar. ii. 190Q, 24, 1); l«bedey (!Bioob«m-. 
ZeitecK 1900, 20. 114 ; 1910, 28, 218; 19U, 
36,248; 1912,39,1^; Zdtl^ phy^ 

(wu.-ts.iM-, Wl 3 ,« 4 .r“ " 
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dilution, and, with juice of high fermenting power, 
is probably proportional to the concentration of 
the juice. The total fermentation produced is, 
at the same time, slightly diminished. 

Accompanying the decomposition of the 
sugar into carbon dioxide and alcohol, a syn¬ 
thetic action proceeds, by which a portion of the 
glucose is converted into a polysaccharide, which 
ia reconverted into glucose by hydrolysis with 
acid. Hence the observed loss of sugar as esti¬ 
mated by reducing power is usually considerably 
greater than the sum of the weights of alcohol 
and carbon dioxide produced. (This pheno¬ 
menon is, however, differently interpretcHl by 
Euler; ace Harden and Young. Biochciu. J. 
1913, 7, (>30, when? the subject is discussed.) 
Tho exaet nature of tlii.'i complex saceliarido 
has not yet bc(*n delerniincd, but observations 
by Creiner (Her. 1899. 32, 20(52) point to tlic 
possibility of the synthetic production of glycogen 
in yeast juice. As already mentioned, sueomic 
aiud and fusel oil are not fornie<l by yeast juicc, 
whereas glyciTol i.s ])roduoed to the extent of 
about 3 8 ]>.c. of tho sugar fermented. 

The adiort- of auUfuptiCit on. ymst juice has 
lx>eu investigated m sumo detail. Saturation 
with chloroform or toluene or tho addition of 
1 p.u. of thymol lias pTaidicaUy no elTeet, whilst 
tho inhibiting action of substances like plieiml, 
formaldehyde, Ixuizoic acid, and salicylic acid, 
is verjy small in O'l p.o. solution, more con- 
sidorablo in irioro concentrated solutums. The 
fermenting power is dest royed by 4 p.e. chhiral, 
1*2 p.c. phenol, 2 p.c. sodium ttuondc, OTn'i p.c. 
ammonium tluondo, or 12 p.c. hydrocyanic 
acid; but in this last case it is restored when 
the hydrocyanie acid is removed by a (miTcnt of 
air. The action of potassium arsenitc is Home- 
what complex, and is treated later. 

Fermrntatiov by dry pninralion/i of yead and 
yeuHt juice. Yeast juici* can bo evaporated to 
dryness at 37“ without loss of fennonting power 
as measured by the total fermentation jiroducod. 
When the juicc is brought into 10 volumes of 
aoctono and rapidly drained, washed with ether, 
and dried, a white, ])owder is obtained, which is ; 
almost completely soluble in dilute glycerol, and 
retains the fermenting power of the original 
juicc. Dry preparations (^an also l>e obtained 
from yeast without any previou.s grinding, either 
by dicing tho yeast in air and then heating it to 
100* for 0 hours {hefajiol) or by treating it twice 
with a large volume of acetone (or alcohol and 
ether), washing with ether and drying. Tho 
material prepared in the latter way amounts to 
about 30 p.c. of the pressed yeast taken, and 
is known as acetone yeast, jicrmanent yeast 
(Dauer-hefe) or zyniin, and is almost anhydrous, i 
sterile, and quite incapable of growth, but 
readily produces alcoholic fermentation when 
brought into sugar solution. Tho general 
phenomena of fermentation by its moans arc 
the same aa are producisi by yeast juice. Both 
the total fermentation and the rate of lermfnta- ■ 
tion are 4-6 times greater than would be 
obtained with the yeast juice-prepared from tho 
ume weight of yeast. 

The eonditiona of action of the fermenting ag^t 
amtained in peaM juice. The inveetigation of 
(be mode of action of yeast juice on sugar has 
•bown that the iMrooese is very uomplex. The 
euyme is acoompaniod by another eubslanoe. 


termed the coensyme» the presence of which is 
oaseittial for the production of fermentation, 
and, moreover, the ohetnioal change is not a 
simple decomposition of sugar, aooordinff to 
Gay-hussac’s equation, but a complicated re¬ 
action in which a fait of phosphoric acid takes 
part (Harden and Young, Proc. Roy. Soc. B. 
1900, 77, 405, 78, 309; 1908, 80, 299; 1909, 
81,3.3(5; 1910,82,321). 

The coenzyme of yeast juice. When yeast 
juic«! "Im jiassed under pressure through a 
Martin filter, which consists of a Chamberland 
filtering candle impregnated with 7-10 p.c. 
gelatin, all the colloidal matter of tho juice is 
retained on the iilter, whilst the dialysable 
substunoevi pass througli, so that tho constituents 
of the juico are divided into two parts. When 
tliese two iiortioiiH, the residue and tho filtrate, 
are separately incubated with sugar solution, it 
iH found that neither of them is capable of pro¬ 
ducing fermentation. When, however, the two 
solutions are mixed, fermentation proceeds at 
almost tlie same rate os with the original yeast 
juicc (Harden and Ytiiing). Yeast juice, there¬ 
fore, contains a dialysable substance essential 
for tho jiroeess of ^orrnentation, and this is 
jirovisionally teniicd tlio coenzyme or co- 
frr/nr.nt. It is also prcs<!nt m zymin, from which 
it can bo readily removed by simple washing 
with wattu', a iicrfeetly inactive residue being 
left. 

Our present information with regard to tho 
(•(xmzyme may be suinmansod as follows: 
(1) It is thermostable, and is not destroyed 
when its Hulution is boiled. It is thereioro 
present m the IkjukIs obtained by boiling yoast 
'juieo and filtering, by lieating yeast at 100°, 
j or by boiling zymin with water and filtering, 

I and IS host prepared by one of these mothods. 

I (2) It is dialysable, and can be removed from 
yeast juico by dialysis against water (Buchner 
and Antoni, Zeitscri. physinl. Ohoni. 1905, 46, 
13(5) as well 08 Ijy the filtration methods olr^dy 
I d(wcribed. (3) It is destroyed by hydrolysis 
by acids or alkalis, and even by tho continued 
boiling of its solution. (4) It is gradually 
destroyed in yeast juice, less rapidly in presence 
of Bugar, by an enzyme, which appoaie to belong 
to the group of lipases, since the destruction 
iroceeds more rapidly in the presence of the 
ipaso of castor-oil seeds, but is nut accelerated 
by trypsin (Buchner and Klatte, Biochezn. 
ZeitHch. 1908, 8, 520). (5) It is not precipitated 
or destroyed by lead acetate, and can therefore 
be, to some extent, purified by means of this * 
reagent (Harden and Young), lb is precipitated 
by a large volume <«f acetone or ftlcohol along 
with the enzyme and also by colloidal ferric 
hydroxide (Roscnschock, Biochem. Zeitsch. 
1908, 15, 11). The cuenzyme is*also present in 
animal tissues (Meyerhof, Zeitsch. physiol, 
Chem. lOiS, lOl, 166; 102, 1). 

It was found by Opponheimer (Zeiteoh. 
physiol. Chem. 1915, 93, 235) that pyruvic acid 
and its salts, and to a smaller extent aoetal^- 
hyde, exert^ a stimulating action on the 
fermentation of glucose by maceration jtdee, 
and Neuber^ (Biochem. ZeiUch. 1916, 71, IL 
extended tw observation to other o-ketonia 
acids. Moreover, by adding a mixture of a 
Uu^e number *of a-ketonio acids (alo^ with a 
phosphate) to maewation juice inactivated by 
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to the eftecfc that a preliminarv partial fermenta¬ 
tion of glucose (but not of fructose) by living 
yeast renders it more readily susceptible of 
enzymic esterification with phosphates. 

Carboxylase. Ah mentioned above, yeast 
decomposes a-ketonic acids into carbon dioxide 
and tho correspojiding aldehyde 

R-dO-COOH-R'CHO-i-COj 

This reaction is brought about by jdl racea of 
brewer’s yeast, and by wine ycuHts, an<i has 
been traced to tho pn^ence in tlnwe of an . , 

enzyme termed by N(;ul>org (carboxylase. From | du(5 to living yeast, it is found that yeast juioo 
tho cell this enzyme ymsHCx into yeast juice, so ; ferments glucose at a rate which is only about 
that this also jioHHCHses tlio j)rop(;rty of decom- | of that given by the yeast from which it WM 
posutg a-ketonic uc.uIh. TIk^ Halts are also ; prepared, whilst zyimn yields a rate which 
attacked, tho carhonato or bicarbonate of Die i is of that of yeast. In the presence of 

motal being formed, and a certain amount of i fructoHO and phosphate, tlie rate of fermentation 
tho aldehyde umlergfung condensation 1o in |of yeast juieo may bo inercased as^rnucU^M 
active aldol ujkUt tin* influence of the alkalim^ 
carbonate. The enzyme is undoubtedly distinct 
from zymase, and is difTerently alIecU>d by 
agents such OB boat and antisoptiCH. Its mdion 
is, moreover, inch'pendent of tlie prwoneo of the ' tliai tho process of fermentation is of the same 
coenzyine of yciast juice (Harden, Iliochoin. J. : gf'iieral charac-ler in yeaftt lis m yeast juice, tt 
11 ) 13 . 7 , 214 ; Neulierg ami KosentJial, Hiochcm. : follows tlial yeast juice contains a large fraction 
ZoitHclu 11 ) 13 , 51 , 125 ). ' of the ferm(>niing coniplox present m yeast, but 

The play of enzymes in yeast juire. Jt will : dilTers from tliis mainly in the power of #c- 
be Been from tjie foregoing tliat the number of gi'noratmg phosphate. Zymin appears to con- 


alone also exerts a protective action upon ^6 
enzymes of the juice, the power of piwucing 
fermentation being retained for a much longer 
time in presence than in absence of the su^r. 
All those phenomena of protection are prob^ly 
to be referred to tho formation of some sort of 
compound or association between tho substances 
concerned in fermentation, which renders them 
loss capable of reaction with other sulwtancee. 

The nature of the. procejis of fermentation in 
the. linng yeast cell. When the effects produced 
by yoiisi juice and zymin are compared with those 


20-bild, then amounting to about one-half the 
rate of that of living y(^ttsi, whilst that of zymin 
may be increased to apjiroximately the same 
relative value. AHSiiming, as appears justified, 


ftfetors c(inc(*rn(Ml in fi'i'mcntution by yi'iist 
juioo is vi‘ry largo, and lliut tho conditions are 
corruHpondingiy comjih’x. In addition to th(' 
enzyme and (•(M'nzymo, together forming the 
fermenting complex, the hydrolytic enzyini' 
])exos(«phoHphatias(', tin* fn.‘c jihoKphaU' and the 


tain a sornowhat smiillor .proportion of the fer¬ 
menting comjilcx, but has a much greater jiowcr 
of regenerating pliosphate than yeast juice, 
although still cdiisidcrably less than living 
yeast. A similar effect to that which is pro¬ 
duced by grinding yeast, treating it with acetone 


sugar, and probably the carboxylase, wliich ! or drying and hcatiiig it, is also produced, but 
are all directly mvolvi’d in fermentation, a i to a smaller degree, by treating it with toluene 
number of oilier agencu'H are at work which j (Harden), so that all these procesHes must lysult 

influence tho course of tho Reaction. (Tiief ; in some similar change whicliis rendered evident 

among those are the liydrolytic onzynu’s which ' by tho loss of the power of regenerating phoH- 
eauBO the doslruetion of the enzyme and co- phatc from hexosepnosphate. t)f the nature of 
enzyme respectively. Tho former of these is ’ this change wo ans at present, ignorant, but tho 
probably prct<'oclastic and the latter linoclastic, , facts strongly suggest that it is in some way duo 
and on the relative concentration of tlu’so and ! to the disorganisation of the cell. Another 
of tho enzyme and eoenzymo themselves | difference between yeast juice and yeast is that 
depends tho exact coumo of events. During the I the latter does not ri^spond, like yeast juic^^to 


normal fermentation in jiresence of excess of 
sugar, both the enzyme and eoenzyme arc 
gradually being destroyed, and fermentation 
eeasofl as soon as either of tlu^so has conijilctely 
disapnearod. In juice from top yeast, it is 
found that the cessation of fermentation is due 
to tlio disappearance of the enzyme. Buchn(T 
and Klatte (Biochem. Zoitsch. 11K)8, 8, 520) 
have, however, found that in juiiw from bottom 
j’eaat the co(*nzyme disappears first, and that 
the fermentation can be restarted by the addi¬ 
tion of boiled yeast juice containing a fresli 


the addition of phosphate or of arsenate. This 
is in reality another consequence of the superior 
phiwphate-producing power of the yeast cell, 
whereby tho opti^num amount of phosphate is 
constantly supplied. In pftsenco of a constant 
concentration o/ sugar, eoenzyme and phosphate, 
the rate of fermentation is approximately 
proportional to tho concentration of tho enzyme 
(Meverhof). 

In tho light of what has been said, the 
following scheme of fermentation in the yeast 
cell may be imagined. The sujjar first diffuses 


supply of eoenzyme. The matter is even more j into the cell, and it has been sho^ by felaior 
complex than this, for boiled yeast juice has ; and Sands that tho rate of diffusion is muon 


been found to contain an antiprotoaac (analo^i 
to the antitrj'psin of blood scrum) whici^inhibits 
the action of tho tryptose of tho yeast, and thus 
proserves tho enzyme from destruction. The 
presence of this i^nb is partly responsible for 
the considerate ineroaso in total fermentation 
produced by the addition of boiled 3 ^fa 8 t juice 
to freeh yeast juice, the eoenzyme and tho 
pnoephate added at the same time having also 
a share i& the phenomenon. The hexose- 
phoapbAta^ appears always to outihat both the 


more than sufficient to supply tho sugar neoee- 
aary for fermentation, and is therefore not 
the controlling factor in the observed rate of 
fermentation (Cheifl. Boc. Trans. 1910, 922). 
Inside the cell, the sugar, either as snoh or 
having undergone some change such as con¬ 
version into the enolio form (E. F. Arm¬ 
strong), combines with the fermenting compl«, 
and Is thereby brought into relation with 
phosphate, probably also combined with the 
I fermenting complex. This association of fer- 


ozuyfl^ and ooenzymh. The addition of sugar i menting complex, sngar^^ end phoB|diate tiien 
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breftka down with liboration ol the fermenting 
Domplex, wcompanied either by the formartion 
of o&rbon dioxide, alcohol, and hexose^hosphate, 
according to equation (1) previously given, or of 
the products of some intermediate stage of this 
reaction. It is probably the rate of this de¬ 
composition which IS measured as the rate of 
fermentation. Tho hoxosephosphate is rapidly 
hydrolysed and a sujjply of fresh phosphate thus 
provided, which, along with the hexoso formed i 
at tho same time, and a new quantity of sugar j 
supplied by diffusion, again entere into ussocia- ! 
tion with the fermenting complex, and thus i 
continues the fermentation. | 

The results obtained by Slator with maiinoso | 
and the facts already related with regard to j 
galactose, suggest the possibility that the whole ; 
mechanism, or at least some portion of it, may be ■ 
Specific for each sugar, but definite evidence of | 
this has not yet boon obtained. 

On the other hand, the facts tliat hexose- , 
phospliutCH are not dcscoiniiobod or fermenUid, , 
and that phosphates are only very imperfectly ( 
ostoriiiod by living yeast, have led Neuberg 1 
(Woehem. 5CeitKc.ii. S3. 244) to the eon- I 

elusion that this jiroccHHes which occur in yeast j 
juice <lo not represent the normal eoui'se of 
events in the uninjured yeast cell. 

The chemical changes involved in alcoholic 
fermentation. Many thoones have been ad¬ 
vanced as to the stages which may bn supiiosed 
to intervene between glucose and tho final 
products of its do(!oniposition—alcoiiol and 
carbon dioxide. IJaeypr, in 1S70, pointed out 
tliat tho alternate removal and ri'addition of the 
elements of water, might lead to an aeeumulation 
of oxygen on certain of the carbon atoms, and 
thus ix'ndcir tho rupture of tho carbon chain 
possible. Wohl has proposed a modification of 
this idea, which leads to the supposition that loss 
of water and intramolecular change result in the 
formation of a kctoaldehydo which undergoes 
hydrolysis to mothylglyoxal and glyeeralde- 
hyde J the latter of which, by a similar series of 
changes, also forms mcthylglyoxal OHa’CO’CHC). 
This then passes into lactic acid, and this into 
carbon dioxide and alcohol. This theory re¬ 
ceived a certain amount of experimental support 
from the fact that small quantities of lactic 
acid appear to be fermentt'd by yeaat juice 
(Buchner and Meisenlfhimcr). The idea of the 
occurrence of lactic acid as a true intermediate 
product of alcoholic fermentation has, however, 
now been abandoned, largely owing to the 
criticisms of Slator, who pointed out that this 
substance should bo fermented at least as 
quickly as glucose, and that this is not the 
case. The same criticism is valid against many 
of the 3-carbon compounds which have been 
proposed as intermediate products, inoluding 
glyceraldehyde and dihydroxyacetone, both of 
which are slowly attacked oy yeast, whilst 
dihydroxyacetone is also readily fermented by 
yeast juice prepared by mafCeAlion (Lebedar). 

‘016 pyruvic theory of fennentavloB. 
The univeTBal presence of carboxylase in yowts 
capable of producing alcoholic fermentation 
creates a strong presumption that the decom¬ 
position of pyruvic acid actually forms a stage 
ID ^e alcoholic fermentation of sizars. The 
fact that the evolution of carbon dioxide from 
pyruvic amd oomiueDoes instantly, whereas 


there is a considerable delay in the case of 

f luoose (Neube^ and Rosenthal, Biochem. 
ieitsolu 1913, 61, 128) is interpret^ to mean 
that the glucose iindeigoes a preliminary change 
which requires some time and results in the 
formation of pyruvic acid capable of immediate 
decomposition. Other explanations of this 
delay, whicli is by no means invariable, can, 
however, bo given. A number of observations 
have also been made by Euler and his school 
wliich*havo led him to tho same conclusion, 
that some intermediate product is formed before 
tlie production of alcoliol and carbon dioxide. 

IVruvic. acid has actually been isolated by 
Eembach and Schoen (Compt. rend. 1013, 167, 
1478) from the products formed by the alooholio 
fermentation of sugar in the presence of chalk ; 
but Kerb (Ber. 1919, 62, B, 1796), using pure 
cultures of yeast, was unable to confirm this 
observation. 

Tlio j)yruvic acid tlieory of alcoholic fer¬ 
mentation (Niiubauer and Fromhora, Zeitsch. 
physiol. Chem. 1911, 70, 32R; Neuberg and 
Kerb, Zeitsch. (iarungHphysiol. 1912, 1, 114; 
Kostytsiicv, Zcilscli. jibysinl. Chem. 1912, 79, 
130) inv«lv(»i tliroe wtagos, exemplified by 
tho following equations ;— 

(i) C«H,..0«=2CH3'C0'C()0H-f 4iHl; 

(ii) 2CHa C() C()OH=2CH8-CHO-f2COa; ^ 

(iii) 2CH3 ClHO+4H==2CHa-CHa*OH 
, Tlic ]iroducte of decomposition of pyruvic 
j acid by yeast being carbon dioxide and acctalde* 

1 hyde, the production of alcohol from glucose 
! by way of pyruvic acid must involve a process 
of reduction. That yeast possesses powerful 
' reducing properties has long been known 
: (philothion of Rey-l^ailhade), Thceo ore sliared 
I by ycoHt juice and the other active preparations 
I obtained from yeast, all of which are capable 
I of reducing many aldehydes to alcohols and 
' various colouring matters to their leuco* 

' comjxiunds, and aro therefore supposed to 
I contain a reducing enzyme or redwaae. The 
! intervention of this reducing enzyme of yeast in 
! alcoholic fermentation was suggested in 19W 
: by Griiss (Zeitsch. gos. Brauweacn, 1904, 27, 

: ()89), and has since been suppo^d by mapw 
workers, notably l^allodin (Zeitsch. physioL 
! Chem. 1908, 50, 81), Kostytshev (numeroiM 
i papers in Zeitsch. physiol. Chem. from 1912), 

I and Lvov (1913). Tho attempts mode by 
j these investigators to show that in presence of 
! reducible substances the fermentation of gluooM 
j was modified (Lvov ; Kostytshev), or that the 
i presence of glucose interfered with the reduotion 
i of other substances, were not conclusive. 

' Neubere. however (fh a series of papers sum¬ 
marized in Ber. 1919, 62 B, 1«77), has shown 
tliat in tho presence of substances capable of 
combining with acetaldehyde the course of the 
; fermentation is profoundly modifi^ For tms 
' purpose h% employed ncwmal sodium sulpnite, 
which reacts with acetaldehyde according to 
the equation 

In the presence of this salt, under the most^ 
favourame conditions, only about 30 per 06 nt« 
of the sugar iftidergoos tho normal fermentatiw# 
whilst the lemiming 70 per cent, yields ^oetMde> 
hyde, glycerol and carbon dioxiae according to 
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tlie equation C^HijOe—CjU^O t CaHsOj-l-COj, 
or, including the Hulphito, 

C.H.,Oe-l-Na,SOa+H^O 

^C'aHsOaH-CjH^O.NaHSOa-l-NaHCOa 
The sulphite ia best added after the fermentation 
has commenced, from grams being used 

for 100 grams cane-sugar dis8olv(Ml in l-2‘5 litres 
of water, and about 10-20 grams of yeast. 

Moleeulaf proportions of acetaldehyde! and 
glycerol are produced tliroiighout the whole 
course of iiic fermentation, and the* yield, 
referred to sugar, inereasi's witli tlu* conci'nlia- 
iion of sulphite. Insoluble sulphites ((!a, Zn, 

Mgl ean Ik^ used if thi' mixture is well agitated, 
and the proee.sH ean also lie larried out. in 
faintly acid solution in tlie presence of acid 
potassium phoH[jha1<‘. 

An enhanced prodiafion of ai-etaldi'liyde 
and glyecrni had jiicvionsly l*een observial by 
Neuberg and J'^arber (Hioeiiem. Zc'it.seli. 1017. 

78, 238), both with living yeast and maceration 
juice in pri'senei; of a iminber of idkaiine salts, 
but the aeetahlchyde found was not eliemieally 
equivalent to tin* glyet-rol. I’nder these 
circuinstanees. liowi'vei. i( lias now been found 
that tin» acctaldi'liyiU' niidi'igoes a ('anni/./aro 
reaction, yielding alcohol and acetic acid, so 
that the fermentation in prewnce of alkalis 
proceeds as follows 

2C.H..0,-»2(1,H,0„ I 2('(l, i 2(',H,0 .if,, 
i 2(;()aH-C'2Hfl() -i-i'aH4(l2 

One molecule of acidic acid is thus produci'd 
for every two nioha'ulcs of glycerol. Tlie yield 
of jjlyeerol obtained in this way is not so iiigh 
as in the presenci' of sulnlnte, amounting in tiie 
presence of sodium Incarnonato to about 35 per 
cent, of the t-heoi'ctK'iil (Neuberg and Hirseh, 

Biochom. Zcitscli. 11)11), l(X), 304). Neulx'rg 
explains the results olitaiiicd. on the goneral 

•lines of the pyruvic acid theory, by sujniosing : ju.itPiioi anu eumnn ujoxjuc. 

thatthnsnlphiVeombincswit htboacetahlehyde I , Praeticidly the possibility of producing a 
and thus prevonis its reduction to alcohol, the i proportion of glycerol from sugar by 
glycerol Ix'ing formed by the action of the iprescnco of sulphite has been 
hydrogen thus render(‘d available on the 
precursor of pyruvic acid, which he assumes to 
DC mothylglyoxal. According to Neuls-rg and 
Kerb (Biochem. Zeiisch. 11)13. 58. 158), the 

normal course of fermentation takes place 
according to the following equations :— 

( 1 ) 

(mothylgly oxal-aldol) 

=-2CH,:0(OH)-(’’H() or 2 CH 3 0O (X)OR 
(methylgloxal). 

(2) CHjiCXOHl'CHO-fHgO H- 

-r l! 

• CH,:C(OH)‘CHO . O 

CH,(OH)-CH(OH)-fH./OH (glycerol). 

= + 

CHj'C'O'COOH (pyruvic acid). 

(3) CH.-UO COOH-^CUa CHO+CO, 

(4) CH8’CX) CH0 0 CHa CO COOH 

+ il — + 

CHa'CHO H, CilgCHa-OH 

In the pn'soncc of sulphite or of alkalis a 
certain proportion of the aldehyde produced 
jn (3) is withdrawn from the system so that 
reacti(tt (4) is greatly diminished in rate and 
the end-produote ooniain a large proportion of 
Aoelaldo^de and glycerol, the tatter formed 
woording to ^natum (2). 'Wo. Ortwald 


(Biochem. 2Seiteoh. 1919, 100, 279: ^ olao 
Neuberg, ibid. 289) has pointed out that the 
enhanc^ production of acetaldehyde would 
naturally fmlow on the removal of this aubstanoe 
from the spheio of action, the equilibrium 
being in this way constantly disturbed, so that 
this fact cannot in itself be regarded as a strict 
proof of the theory that pyruvic acid is an 
intermediate product in the normal course of 
fermentation. Jn view of tlie fact that in the 
modified fermentation, the, acetaldehyde is 
produced at ajiproxiniatcly the same rate as 
alcohol 11 ) the norma! fermentation there can 
be little doubt that Neuberg's explanation is 
in tliiH pailiculiir corri'ct 

No d(‘1inite experimental evidence of the 
part i<'i[iatJon of imdhylgiyoxal in the process 
of fcrnK'titation Ims yet l^'cii obtained, and it 
ia .‘<tili doubtful whcdlier Neuberg’s equations 
l•(qlr{‘s^'nt the actual mechanism of tli#fermenta¬ 
tion. Jt is possible iJiat in the decomposition of 
gtijcosc by way of pvnivic lu-id into atcoliol and 
cnrlioii dioxide, (“itlu'r tlu' it'dueaw^ combines 
with hydrogen and passes it. on to the aldehyde 
or, aUi riiatively, and more probably, that in 
pre.senei' of the n'ducing (’u/.yini! water is de- 
eompo.sed, 1h<‘ o.xygen converting glucose, or 
some inteniiediati' jiroduct obtained from it, 
into pyruvic acid, whilst^tho hydrogen induces 
th(^ al<rehyile to alcohol afi*in Neuberg's equation 
(4). This reaction would be continuous as 
soon as a su]»ply of.aldehyde had been accumu¬ 
lated, but wouM not I'ommence except in tho 
presence of some acceptor for tiie hydrogen. 

Mu(‘h further evidiuice is I'equirod before any 
satisfactory conclusion can be arrived at with 
regard to this subject, and* tho facts must 
eei'tainly be taken into account that two mole¬ 
cules of sugar arc involved in tho reaction, and 
I that tlie products include hexosephosphate as 
well as alcohol and carbon dioxide. 


made the basis of a process of manufacture of 
j this substance (the Ihrotol process), which has 
I been worked on such a sciuo as to produce a 
: million kilos, of glycerol per month in a yield 
: of 20-25 per cent, of the sugar employed 
(Connstein and Liidecke, Ber. 1919, 52, B, 1385), 

j Feumentations rnouucED ky Bacteria. 
j Bacteria are capable of bringing about many 
; fonnenbations which are strictly analogous to the 
; fermentation of the sugars by yeast. Many species 
i of bacteria are, however, much loss restneted 
I in their power of action, and decompose not only 
i the sinf^le hexoses and complex saccharides, but 
; also the glucosides, tho lower sugars, ospecifdly 
1 tlie pen^ce and the corresponding uoohoU 
I induing glycerol, as well as many oigonio aoids. 

I In addition to this, they also act upon nitro¬ 
genous compounds, and effect many oxida- 
tioa& and rcductibns. Tho chemioal oliangSB 
involved are of the most varied kind, and al¬ 
though they arc in all probabibty brought abcMit 
by enzymes, it is only in comparativdy auapie 
eases that the onzyme has bq^ separated froni 
the cell. In some oases, however, the enzymes 
pass Into the aurroundiog medium, this Wog 
frequently the case with tbe yarious dignM^Kni 
Buiymai, wd ptjwU; Os vem dd)M> 
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brin^ about the hydrolysis of urea into am* 
moQium carbonate and water. 

Interesting and inaportant attempts have 
been made by Buchner to prepare extracts con¬ 
taining ^tive enzymes from the bacteria of the 
lactic acid and acetic acid fermentations, by a 
process similar to that employed for yeast, out 
in both PHSOS without success. He was able, 
however, to demonstrate^ the existence of such 
an enzyme in the cell by treating th(< organism 
with acetone, and showing that the dead and 
sterile material was still cajiablo of cc)!! verting 
su^ar into lactic, acid in the one cal 4 e, and of 
oxidising alcohol to acetic acid in the other. 
Similar results have been obtained with a 
number of other bactx'ria. 

Although the qualitative cliaracteriHlicH of 
the action of bacteria on many Hubstanccs arc 
well known and arc largely used for purposes of 
ideiitifieafion and diiTerentiation, coniparativclv 
little strictly quantitative work on the subject 
has been done, in which ail liie pnxlucts derived 
from a known weight of a inatenal Juivi' been 
estimated, and hcnc<- our knowlialge of the 
ehoniistry of bacterial action remaias \ery im¬ 
perfect. Among the jiioncers in iIuh luuiu li oi 
the Hubjnet must be roiikuiwsd Fit/, (wlio, how¬ 
ever. ofU'ii employed mixed cultures) and 1 '. 
F. Frankland. 1’he employment of mixed 
eulturos is not entirely without justification, 
since many of the changes produced in nat ure 
hv bacteria, such as putrefaction, are brought^ 
about by tljo combined or successive acti<in of 
different organisms, some of whieh make use of 
the products of docomposition formed by others. 

The chief types of Termontation proiluced by 
bacteria may be classified in much the sanie 
manner as tlioso duo to enzyme action, under 
the heads of ( 1 ) hydrolysis ; ( 2 ) decomposition 
involving the nl^iiuro of a carbon chain; (3) 
oxidation; (4) reduction and deoxidation. 

1. FiCRMKNTATION.S UY JiyuJlOnVSIS. 

A largo number of bacteria contain (ui- 
zymee, which enable them to bring about jiro- 
cesHCfi of hydrolysis, whether of proteins or 
.oarbohydratea, and in some cuhck these arc 
soluble and pass into the medium. 

(a) Liquefaction of gelatin. Protoodastic 
onzymee capable of liquefying gelatin are al¬ 
most certainly present in all bacteria, but they 
are only exoreted by certain oxganisms, and 
therefore afford a differential test often em¬ 
ployed as an aid in identification. For this 
purpose, the organism is grown on nutrient 
gelatin, and note is taken as to whether the 
gelatin becomes lii^uetied. Prominent aigong the 
organisms which liquefy gelatin in this way ore 

flvorescenfi liquefaciena (Fliiggc), B. tmlgaris 
(l^mn. and Noum.), &c., whilst the intestinal 
organisms of the B. coli group ore non-liquefiere. 
The liquefaction of gelatin is the first step in the 
hydrolysis pf this substance, and is often followed 
by a more deep-seated decomposition ^ the 
resulting simpler compounds, wmch is discussed 
later on un^r the heading of Putr^aclion. 
Soim envanisms only bring about the lique¬ 
faction m gdatin when grown in air, but do 
not Uquefy in it an atmosphere of hydrogen 
^ nitrogen, altitough grow^ taices place. 

' (h) HyMyili ^ Mwodttridai u4 
Hill, It eeena pnoba^ that most bacteria 


reeembb yeasts in the fact that, when brought 
into contact with polysaccharid^ they do not 
ferment them directly, but first hydrolyse them 
and then ferment the resulting simple sugan; 
and the same thing is true of the gluoosides. In 
moat COSOS no strict proof of this has been 
brought, but in some the hydrol^is has been 
actually demonstrated. Thus Bertrand and 
Weiswciller (Ann. Inst. Pasteur, 1900, 20, 977) 
found that the B. bvlr/firicua (Grig.) hydrolysed 
inilktugar before producing lactic acid from it, 
and were able to prove the existence of glucose 
and galactose in the partially fermented solu¬ 
tion. The determination of the fermentability 
or non-fcriuentability of the di- ond tri-socohar* 
idctt, starch, dextrin, inulin, and many gluco- 
sides, is now largely cmployoi^or the identifica¬ 
tion of bacteria, especially those of the B. coli 
group and the Slreptoc-oeci. It follows from 
the foregoing that what is being tested for in 
such cases is most jirobably tlio presence or 
absence of file ferment requisite for the hydro¬ 
lysis in queHtion. c.ff. invertase by ('ane sugar, 
inaltaae by maltose, lactase by lactose, )S» 
glucosidase by many glucoHides, such D« soligcnin, 
aniygdahn, dfec. 

The presence of the hydrolylic ferment is 
ifiidered ovidi'nt by the subsequent fermenta¬ 
tion of tho resulting simple sugars, &c., with 
firoductiou of aeid or evtihition of gas or both, 
The efiicaciy of the test, Ihorofore, depends on 
the ability of the organism to ferment at least 
one of tlie proilucts of t!io hydrolysis. 

(c) The ammonlacal fermentation of urea* 
I’he wo^te nitrogen of the animal body is 
excreted in tho nrinc, chiefiy in tho form of 
urea (H)(Nl-l,_j)a, uric aeid (\rI 4 O 8 N 4 , allantoin 
hippuric acid * 

CflH6-CONH'GHj*COOH 
In the urine of man, about 30 grams of urea are 
passed per diem, along with 0‘7 gram of uric acid, 
and very small amounts of hippuric acid; whilst 
tho urine of graminivorous animals contains 
ooniparativoly large amounts of urea and 
hippuric acid (Liebig, 1829), tho urine of a cow 
containing 18 grams of urea and 10 of hippuric 
aeid per litre. On the other hand, the nitro¬ 
genous waste of birds and snakes is excreted 
almost entirely in tho form of uric acid. The 
conversion of tho nitrogen of thes© substances 
in the soil back into ammonia, which is then 
rendered available for plants by nitrifying 
organisms, is of vast import-anoe, as it is in this 
way that the nitrogen balance of the soil is 
maintained, practio^y tho whole nitrogen of 
natural manures being present in those forme. 

When urine, wBich is normally sterile md 
acid in reaction, is exposed air, it becomes 
alkaline, tho urea being converted into am- 
monium carbonate: 

P(NH.)s+‘2H,0-(NH4)8C08 

This change was observed at a very ead|^ 
date, and was ascribed by Liebig, in acooedanoa 
with his theory of fermentation, to the presanea 
of decomposing mueus from tho bladder. Aboot 
ISfiO, hoiwer, it was established by Paatoltf 
(Compt, rend. 1800, 60, 849), his pu^ va 
Tieghem (ibid. 1861, 52, 210; 1804, ^ 
andMiiUer (9. pr. Ghem. 1860, 81,452), ^4ibe 
deoompositidh was produced by a miaoooocmi 
which was tormad Torvk anmoniaeale bj 
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pMteur, and later MicrococcuH urea by Cohn. 
It Hm einoo been found, us tho result of numerous 
rosearchoB by Klugao, Horreua, Warington, 
Leube, Bey(?Tinck, and especially Miquel (litera¬ 
ture quoted in article by Miquel in Lafar, 
Technische Mykologie, iii. 71), that a large 
number of organisms have the power of pro¬ 
ducing this change. More than thirty varieties 
have l)oen doscrilKjd by Miquel alone, who has 
also found that those organisms occur freely in 
water, air, and soil, the cocci lieiiig abmit*twice 
as frequent aa the ba<;illi, whilst 1-2 p.o, of the 
organisms of tin; I’aris water, air. and eultivatcid 
soil belong to this cUws. The most idiaractcnstic 
and commonly (x-curring coccus is that origmMly 
discovered by J'asteui-, now known as I'rwoccuM 
mn Tieyhenm (Mj^uel). which is a small diplu- 
eoccus, and grows well on ordinary ine<lia, not 
liquefying gelatin. In pri'scnre of urea, the j 
growtk on solid media l>ccoines surrounded liy [ 
dumb-boll-shape<l crystals, whudi arc insoluble \ 
in water, and consist of the phosphates and I 
carbonates of cakdinn, ju'ccipitatiMl from the ■ 
medium by the anunonia jiroducod. Tliis is a| 
very eliaractormtie jilienomcnon, and render's it 
easy to detect not only this organism but any 
urea ferment among a number of oi’ganisiiis 
which do not attack urea. 'J’hc organism readily 
decomposes as much as 4- 4'5 p.c. of urea in the 
medium, but is very susciqitible t-o antiseptics. 

Tho most enorgetu' (h'eomjinsition of urea is 
brought about, by tho Unmnllnn PaHtvurii 
(Miquel) isolated from sewage. 'Phis is a motile, 
sporing bacillus, wliieli grows well in alkaline | 
broth, which it renders ^'lscid and ropy. Jt fer- : 
ments cumplotely os niueli as lUp.e. of urea in th(> j 
medium, and has boon observed to deiiomposi* I 
11‘3 gAnis of urea jicr hour jicr litre ol culture, j 

As early as ]87ti, Museulus (C'ornjit. I'oml. I 
1874. 78, 132: lH7(h 83, 333) found that the 
slimy urine of patiimts suffering from cystitis, 
and probably infi'ctcd by the fori'going uro- 
bociliiuj, contained a soluble ferment which 
could lie precipitated by alcohol and was oajiablo 
of converting urea into ammonium carbonate in 
the abeenoo of bacteria. I’astcur and Joubert, I 
on the other hand, maintained that this action 
woB due to tho jirescnce. of an organism {Conipt. 
rend. 1870, 83, 1). 

Tho question of t!ie. existence and properties 
of this enzyme has been Htudied by many in¬ 


the quantitative estimation of urea as ammonia. 
On the other hand, bacteria isolated from tho 
root tubercles of the soya bean, which have a 
well-marked power of hydrolysing urea, do not 
yield an active filtrate (Jacoby, Biochem. Zeitsch. 
1916, 74, 109). A very powerful urease exists 
in the soya bean and many other seeds (p. 140). 

(d) The fermentation of uric acid. Uric acid 
j readily undergoes a combined bacterial oxida- 
j lion and hydrolysis, but little i.s known as to 
j the nature of the bacteria which produce the 
' change (Scstini, (lazz. chim. ital. 1889; G6rard, 

I (!ompt. rend. 1896, 122, 1919; 123, 185; 
j Uljiiiini, Atti Lincei, 1903, 12, 236). It seems 
probable that urea is first jiroduced and then 
lurthcr hydrolysed : 

(V,H,()X4-2H2t>+3()--2{.1()(NH,)2 + 3C02 
(c) The fermentation of hlppuric acid. Van 
'rioghem (Oompt. rend. 1864, 68, 210) showed 
that the same raicrocoeeus which fermented 
urea also effected tho hydrolysis of hippuric acid 
into benzoic; acid and aminoacetie acid, into 
which it is also eonvcit(*d by acids: 

H,() 

- NJI/(^H/COOH 

It has since been found that more than one 
of the urcu-fennenting organisms produce this 
change (Battone and Yrieuta, Arch. Scienz. 
medieho, 1886, 10, 311). In the soil, tlie amino- 
acetic acid tiieii prubablv undergoes one of the 
cliaraeteristic changes (iescribed under Putrc' 
faction, its lutrogen being liberated us ammonia. 

2. FERMIiNTATIONS UY UbCOMROSITIUN ACCOM- 
PANIKl) HY THE liUrTURE OF A CaIIDON 

Chain. 

The c'hicf ehemical charactoristic of tliis form 
of fermentation is tliat it involves the rupture of 
tho carbon chain of tho fermetitable substance, 
tliu products being, as a rule, substances con- 
tuining a smaller number of carbon atoms than 
the original compound. In many cases, how¬ 
ever, a secondary synthesis occurs, and com-- 
pounds arc then louiid among the products con¬ 
taining more carbon atoms in the molecule than 
the original substance, the best known example 
of this Doing tho production of butyric acid from 
glycerol. 

As regards the nature of the changes pro¬ 
duced, the same intramolecular oxidation and 


voBtigatOrs {Leube. Tx^a, Boyerinck, Miquel, 
Moll) with somewhat discrepant results, ascribed ' 
by Bomo to the unstable charaetcr of the enzyme. 
It <wn hardly, however, be considered as defi- 
rritoly provoif that the enzyme has been obtained 
from bacteria. According to Miquel, 
it can readily bo obt-oinod in solution by 
inoQulating alkalfne beef broth containing nrea 
with one of tho urea-fermenting organisms, 
and, after some time, filtoripg through a biscuit 
porcelain candle. The liquid is then sterile and 
oftpable of decompoaing as much as 100-120 : 
grams of urea j^r litre per liour at 48°. its 
aotivity is greatly increased by cane sugar and 
glycerol, and is very readily inhibited by anti- ■ 
septics. It may bo precipitated by till addition j 
2 volumos of alconol. Musculus employed a 
tormerio paper moistened with a solution of tho ' 
e&iytne as a teat for urea, the libera^ ammonia ^ 
producing* a brown colour, and Miquel has 
propemd the use of aolationa of the enxymo for 


reduction is .observed as characterises the 
alcoholic fermentation of sugar. (Jarbou dioxide 
is very frequently evolved, and this is often 
accompanied by free hydrogen, less frequently 
by marsh gas. Tho hydrogen thus formed is 
capable of bringing about the reduction of many 
substances such as nitrates, amiiio-acids, Ac., 
which may be present in the medium, and thus 
modifying the result. In many oases in which 
no gas is evolved, formic acid is produced in 
considerable quantity, and this substance U 
sometimes found ^ in comparatively small 
amount, even when carbon dioxide and free 
hydrogen have been evolved. The production 
of ethyl alcohol is also a feature of oommon 
occurrence, and methyl, propyl, Mopropyl uid 
n-butyl alcohols have all oeen observed as wdl 
aa acetone, acetylmethyloarbim^ and butylme- 
glycol. Among the other pfodnote, lactic aotd, 
wmoh has the same empincal formu^ as g^- 
cose, is one of tbe most fieqsent. In some oans« 
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the conversion of a su^ar into 'Uctic acid is 
almost quantitative, whilst in others this acid 
forms only a small proportion of the whole 
product. Acetic acid, which also has the same 
empirical formula as glucose, is also a common 
product, and is Hometimes accompanied by 
propionic and other of the fatty acids. (Charac¬ 
teristic of one type of fermentation is the pro¬ 
duction of butyric acid, accompanied by more 
or less butyl alcohol. An almost invariable 
product of the bacterial fermentation of sugars 
and alcohfds is succinic acid, probably in part 
derived, as in alcoholic fermentation, from the 
decomposition of amino-acids. 

Altnough bacteria arc niucli; less .sj>e((ific in 
their power of fennentation than the yc'Ofiis, 
they nevertheless disjday great sensitiveness to 
small changes in chemical composition and con¬ 
figuration. Thus many organisms are known 
which attack mannitol, but not the stercoiso- 
meric dulcitol, and similar relations are not 
uncommtm. 

Since a single species of bacterium may 
attack a very largo number of diiTerent (com¬ 
pounds, and the same compound may be decom- 
poBcd in povmil distinct ways by different 
organiams, no very satisfactory classification of 
these fermentationfl can be eiT(‘(;U’d, and t}i(‘y 
arc bewt grouped acc<3rding to the most charac¬ 
teristic of t)io products. 

Th(5y will bo briefly summarised here under 
the following heads :— 

(a) The true lactic fermentation. Jn this 
decomposition, lactic acid is almost the sole 
product, the change proceeding practically in 
accordance witii tlu^ equation ; 

The spontaneous souring and clotting of 
milk have long been known to bo due to the pro¬ 
duction of laotio acid, which causes the precipita¬ 
tion of the eoaennogen. The process was at 
first ascribed to the action of the caacinogon 
itself, which was regarded as an enzyme (Bou- 
tron ; Oharlard and Fremy). The souring of 
milk, even aft<*r it had b(5en healed and pro¬ 
tected from the access of air-bonie gcrina (duo 
to the presence of sporing bacilli), played a part 
of some importance in the liistory of the develop¬ 
ment of the theory of fermentation, and was 
cited by the supporters of Liebig’s view, that 
fermentation was not due to living organisms 
(Gerhardt). The existence of a lactic acid 
producing organism was first definitely estab¬ 
lished by Pasteur (Compt. rend. 1867, 45, 813 ; 
1858,47,224; Ann. Chim. Phys. 1858, [3] 52,404), 
and was confirmed by Lister, in 1877, who suc¬ 
ceeded in preparing a pure culture of an organism 
capable of soaring mjlk by diluting soured milk 
to such an extent that a drop only contained a 
single organism, adding a single drop of this to 
sterile milk, and repeating the process several 
times. Since then the question has been the 
subject of an enormous number of investig#ions 
on account of its technioal importance (see 
Lafar, Technische Mykologie, vol. 2; Henno- 
berg, Gftrungsbakteri^ogisches Praktikum, Ber¬ 
lin, 1909; Oria-Jensen, The Lactic Acid Bacteria, 
Copenhagein, 1919), and only a few of the most 
intoi«8ting.re8cdts can be mentioned here. 

It has been found that all liquids containing 
saodiariae matter are liaUe to become sour, 


owing to the production of lactic acid, when 
they are exposed to the air. The organisms 
capable of producing this change are extremely 
numerous, and the nature of the flora developed 
in any particular case depends on the kind of 
sugar present and the character of the nitro. 
genous nutriment available. Thus the lactic 
acid organism of milk is capable of fermenting 
milk sugar, whilsi tlmt of teer cannot attack 
this Biibstance. The chief lactic acid oi^anisms 
have*ijwn isolated from milk, beer, distiller’s 
mash, bak(‘r's yeast, dough, sauerkraut, and 
similar niatcrials. They arc all non-motilo, and 
do not form spores. 

Lactic^ acid is manufactured by the action of 
a bacillus on various saccharine solutions pre- 
pared from barley, maize, j^ptaioea, &c., the 
starcli being first hydrolyseciPby acid or malt, 
and th(^ fermentation carried on in the prosonoe 
of chalk. The organism chiofiy employed for 
this purpCKSB is th(i DcUmlcki (Lieionmann) 
identical with the li. lomjimmvs (Lafar), which 
forms long cells (3-7/u) and grows well at 40®-47® 
m unhopped wort, distiller's moah, and yeast 
water, but not in milk or beer. It converts 
glucose, cane sugar, and maltose into lactic acid, 
and produces neither volatile acids nor alcohol. 
This bacillus also occurs in the unstorilised mash 
(•mjdoycd by dislilleru, where it is allowed to 
grow in orclcr to rende.r the liquid sufficiently 
a(!i(l to prevent sulwcqunnt infection by harmful 
bacteria during the fermentation by yeast. 

A second iinportant organism of this class is 
tlio l^acvharobarilliLs mdorianua (van Laer), 
wliioh frequently invacles hoer wort and renders 
the beer sour. A closely allied variety is em» 
ployed in the manufacture of the Berlin white 
beer to impart a certain desired degree of aridity. 
'I'liiB orgoniain, however, produces small 
amounts of alcohol, acetic acid, and formio acid. 

It forms long cells often united to tangled threads. 

The souring of milk is a very complex 
phenomenon, in which many bacteria belonging 
to different types take part, the predominant 
organism varying with the temperature at which 
the milk ia preserved. The moat commonly 
occurring organism appears to be the S/repto- 
coccus luchcua (Kruse), formerly known as 
Bact. Oilntlicri (Lehmann and Neumann), B. 
lactis acidi (Kruse), B. ucMi 'paralaciici (Kozai). 
This organism, of which there appear to be many 
races or varieties, forms round or oVal cells, 
grows very feebly on nutrient gelatin, and is 
poeitivo to Gram’s staining reaction. It con¬ 
verts glucose almost completely into d-IsDtio 
acid, traces of volatile acids being also formedt 
Thus Weigmaiin (Jahreh. Molk. Kiel, ]890-^]^, ^ 
26; 1891-92, 24), and Leichmann (Milchzeit. 
1896, 25, 67) have found that ih milk the l^mtic 
acid produced amounts to 89-98 p.c. of that 
calculated for the (y)mp!et© convemion of the 
milk sugar fermented into this substance. 

Another organism, which has attained '% 
certain degree of notoriety from its use for the 
preparation of sour milk os an article of diet, 
was found by Massol in Yoghurt, a sour milk 
used as f(t)d in Bulgaria. It is known as 3. 
hulgaricus (Grigoroff), and forms long Ge% 
which grow feebly on agar, form^ tengied 
moasee of dAieate threads. Its acti^m on milk 
has been veir thoroughly investigated by 
Bertrand and Weisweiller (Ann. Inst. Pasteur,. 



lAg 


FERMENTATION. 


1900, 20, 977). It hjy* practioally no action on 
the fat, and only hydmlyKcw a very Bmall propor¬ 
tion of the cawcinojijon. On Mio other hand, it 
hydrolysuH the milk HUj^ar altnosl completely, 
and fennentH the jcKultin^ galactose and glu- 
oone, forming lactic acid, ctontaining an cxccsh 
of the c/-aeid, and amounting to about 92 j).c. 


do not liqnefy gelatin at all or do bo very rfowly, 
arc facultative anaerobes, and are negative to 
Cram's staining test. 

They can Ix' distinguished independently of 
their chemical action by their physiological 
c^fTcets, notably by the agglutination test of 
' Widal. 'Phis depends on the fact that each . 
of the lu^xoses fermented, about 2 p.c. each of ! sjiet'ies, and even variety, of organism, when 
acetic and Huccinie amds, trae<^H of formi<-. acid, i injected into a living animal, gives rise, in the 
and no alcohol. i blood Hcruni of that animal, to a substence 

The /f. acidi la.cli< L of llucppe, which ^a« at ; usually highly specific, termed an agglutinine, 
onc! time thought to be the chief organism con- whi<-h is able to cause clumping and aggrega- 
eerned in the souring of milk, is not of such , lion of the living bacteria when added even in 
common occmrrruic*'. as was formerly believed, ' very dilute solution (1 in 10,0(K)-]00,000) to a 
and is more closelv related to llic following group ! suspension of tlie organi.sms. This method 
of organisms than to tlie Irue lactic acid bacilli ; affords a viuy valuable clieck on the chemical 
(6) The mo^ed lactic fermentation, in , reactions, and its use has shown that in the main 
which lactic acin is always accompanied by a | these reactions arc reliable as a means of identifi- 
considerable proportion of oth<‘r substances. ; cation, although vciy considerable variations 
Under this heail may be classed, along with j can undoubleoly bo produced in the chemical 
''otljors, the changes produced in carbohydrates , ri'action by artiiicial means, and very probably 
and alcohols by the very varied and oomjilex : oeeaMioiialiy occur in nature, 
group of iutivsiinal hacteria, of which B. roh | 
rownwwwhv, Ji. iyphu Aie., are well - known 
reprwtentatives. 'J’his gi-ouj) of organisms has 
received a very large amount of uttoiif ion from 
bacteriologists’for several reasons. In the first 
place, the grouj) includes a large number of 
pathogenic organisms, the detection of whicli is 
of the utmost importance. Jn Ifie second jilace, 
owing to the univei-sal and abundant oeeumuice 
oVB. edi and allied organisms in the 

intoBtine, from which they pass into sewage, 
the prewenee of these organisms in water m- 
•tended for consuinjiium is n'garded as a sign i n',.pt,{,p') 

of pollution by sewagi', and the examination 7/.rtdflnn.<ii»i(t>iiituijr) 
for the presonec of sneli organisms is jiart ! n. dcoc* (Jorilivii) . 
of the routine of a bacteriological cxaniination I 
of water. For iheso reasons, the chomical j - - - 

bacteriology of this group has been closely : 
studied, eapocially on its qualitative side. 

Tiicso organisms possess the common eharac- 
toristio of growing w’oll at 87" -40°, aerobically 
in presence of bile salts (the sodium saltiS of 
taurocholic and glyeocliolic acids), and are thus 
difTorentiated froln a great number of the 
commoner organisms of air. wuU'r, and soil, the 
growth of which is inhibited by these salts. In 
addition to this, they di'comoose glucose with 
production of acid, or acid and gas. 'j'lie 
further chemical dilTi'rentialion of lh<‘so orgun- 
isniB depends on their l)chtivioiir to tlie various 
simple sugars and alcohols, such us the pentoses, 
hexosw, mothylpeiiiosefl, glycerol, iientitols, 
and hexitols and to the complex saccharides 
and glucoeidoa, tn which reference has already 
been made. 
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Tiic above table shows the qualitative 
reactions of a few of the liest-defined of these 
organisms ; A(1 moaning acid and gas ; A, acid 
only ; and -• no change. For the sake of com- 
pleU'iiess, the production of indole from proteins 
(,‘((’0 Piitrcfnction) is included, as well as Vogee and 
Proakaiior’s test for the production of acetyl- 
mothylcarbinol (a pink colour and green fluores¬ 
cence when caustic soda is added to a cultiva¬ 
tion of the organism in glucose broth), as these 
are, at present, considered to be valuable tests. 

The nature of the action of certain of those 
organisms on the carbohydrates and higher 
alcohols has been examined by many authors 
from various points of view, particularly os 

__ regards the nature of the lactic acid formed 

They are all non-sporing bacilli, which oilhor \ under various conditions (P6rA, Ann. Inet, 



Product 


Lactic acid . 
Snccinio acid 
Acetic acid . 

^ Alcohol 
Formic acid 
Carbon dioxide 
Hydko^en . 


}}. coscoroba 

S. typki 

' (Uucofle , 

Fructose 

Manultul 

Glucose 

Per cent. 

C otemH 

Per cent. 

C Q^oms 

Per ceiA. 

C atoms 

Per cent. 

C atoms 

3l-!)0 

1-01 

48-20 

2-89 

18-000 

1-13 

49-5 

2-06 

0-20 

()-;i2 

i-ra 

tt-io 

0-37 

8-900 

0-66 

tyace 

tmee 

18-84 

10-10 

0-97 

9-600 

0-68 

12-7 

0-76 

12-85 

101 

11-60 

0-90 

28-100 

2-22 

9-1 

0-70 


^ _ 

trace 

trace 

3-000 

— 

17-7 

0-69- 

18-09 

/)-74 

13-07 

0-63 

28-440 

1-28 

— 

- . 

0-01 

— 


— 

0-016 

Ji. 
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Pairtenr, 1893, 7,-737; 1898. 12, M), the nature 
of the gas evolved {Theobald Smith, Cent. Bakt. 

Par. 18ft5,18,1 ; jee Keves, J. Medical Research, 
1909, 21, 69, whore the literature is quoted), and i 
the quantitative relations of the various pro- ; 
ducts (Harden, Chem. Soc. Trans. 1901, 612 ; J. 
Hygiene, 1905, 5, 488). The foUowing aro the 
reeSte obtained by Harden for the action of an 
organism of the B. coU group on glucose, fructo.se, 
and mannitol, and for B. lyphonns on glueoH(^ 
The coli-like organism employed in those exiien- 
ments fermented canc sugar and not duleitol, , 
and would thoi-cforo now be regarded ns li. 
coscoroba. The products are expressed m , 
percentages of the sugar fermented and also in 
terms of the number of carbon atoms of the ^ 
sugar molecule rcjiresentcd by the [iroduct. ; 
The cultivations were all carried out in an 
atmosphere of nitrogen, to avoid atmospheric ^ 
oxidation, and in preseneo of chalk to noulraliac , 
the acid produceu, and thus to obtain a : 

complete utilisation of the sugar prestmt I he ' 
carbon dioxide evolved by the action of the acid 
on the chalk has, in every case, been Hubtracted. 
The products in all cases were (pialil-ativi'ly the. 

« The characteristics of tlic fermentation oi 
glucose by this coli-like organism are tliut the 
Tactic acid forms less than half of tfle trital 
products, that alcohol and acetic, acid are pro- , 
(luced in almost molecular proportions, and that , 
the ratio of hydrogen to carbon dioxide by 
volume is almost 1. B. typhi prodiuicw ft 
similar change, with the exception that no gas 
i» formed but iin equivalent amount of form*'' 
acid is produced, ymec It. coU and the alljeu 
B. CMCorotxi have the power of (leeompoHin* 
formates with the production of equal volumes 
of carbon dioxide and hydrogen, tl\i8 wouUl 
indicate that most probably formate is pro- 
duoed in aU eases, but decomposed by B. coU 
and its alliw, and left untonofiod by B. tiiplit. 
This is confirmed by the fact that small quanti¬ 
ties of formic acid arc often produced by the ^ 
Bos-forming organisms, and are increased when 1 
the cultivation is carried out under pressure. 

The production of aectio acid ami alcohol 
from glucose in approximately molecular pro- I 
portions is characteristic of a large number ol ! 
the organisms of this group, B. cdi commimv, 
B. Midi iMlici, B. coscortfM, B. Neapnldanus anA 
B. tvphi, all presenting this peculiarity (Harden). 

the case of mannitol is interesting, m the 
effect of the change in constitution from glucose 
to mannitol is that the production of alcohol and 
carbon dioxide is almoet doubled whilst tha- of 
acetio and lactic acids is greatly diminished. 
Other types of intestinal organisms, for example, 
the various types of dysentery bacilli, winch arc 
much more restricted in their power of fermento- 
tion, produce somewhat similar effects on glu¬ 
cose, but in some eases much more lactic acid 
is produced, whilst alcohol ahd acetic aqjd arc 
formed in a 'different ratio. Such types of ter- 
mentation appear to be intermediate between the 
true lactic fermentation and that just desOTl^. 

Some light has been thrown on the mechanism 
of this type of fermentation by the observa¬ 
tion that adien B. eoU ammunu is cultirated 
on nntrie&t agar in presence of soiuin ohloro- 
•estate, a strain is obtained, probably by seleo- 
tioD, wikh no longer prodnoee gas id gluoose- 


peptone-wator (Penfbld, Proo. Boy. **■*!?• 

1911 97) Quantitative exammation of the 

producte formed by such an organism (H^m 
^d Poiifold, Proe. Boy. Hoc. 1912, B, 86, 415 ; 
(Jn.y,- ibid. 1914, B, 87, 401) shows that formic 
acid is still produced from glucose and maimi^, 
but is not decomposed. At the same time, the 
amount of lactic acid produced from glue^ is 
considerably increased at Hie expense of the 
iiicoliohand acetic and formic acids, whereas m 
the case of mannitol there is no change in this 
respect, it acoiiis probable, therefore, that an 
intermediate j.rnductla lirst formed, from which 
lactic acid, on Hie one hand, and alcohol, 
togoHier wiHi acetic, f.inilic, and lyobably 
succinic acids, on Hie other, arc produced by the 
aid of two iiidepciidcnt oiiv.ymes (Hrey). me 
nroiliicHon of the intermediate compound from 
maniiitul probably involves a spocml 
but afU;r t\is stage the remainder of the change 
IS ill all probability carried on by the same 
on'/.vmes as are operative in the decompwition 
of glueoBo. As regards Hie formation of formic 
acid and alcohol and acetic and suceimc acid, 
it 18 possible that formic acid and acetalde¬ 
hyde in inoloc,'.ular proportions arc the 
produei:S (sec (irey, Bio-Hhom. J. 1913, 7, 36^, 
but it is also possible that Jot™” « P~: 
dueed independently of the aldehyde, and that 
the acctaldohydo is then partly reduced te 
alcohol and partly eon verted into an cqui mole- 
cular mixture of alcohol and acetic 
reduction to alcohol being much grwter wtb 
mannitol than with glueosc. ‘Supcinie '® 
also probably derived from acetaldehyde. 

The Dccurrenoe of acetaldehyde as an inter¬ 
mediate product in this and various other typM 

of bacterial fermentation has been demoMtre^ 

bv Neuberg and Nord (Bioohem. Zeiteoh. 19w, 
96. 133) by the use of tho “fixation methoff. 
When the fermentation 1.8 carried out m pteeenoo 
of sodium eulphite a considerable a®™'** ™ 
acetaldehyde is fixed and can be isolated from 
the reaction yroduetB. 

Corroborative evidence of this general scheme 
has been afforded by the further 
of (irov (Proe. Roy. Soc. B, 1919, 90, 76, Wt 
1920,91. 294: 1921, 92, 135), who wotted with 
an emulsion of bacteria m a solution of 
and estimated the amount of orange at ve^ 
short intervals. It was thus found tVt duri^ 
the first period after the ™.of tto 

bacteria a very iwoportion of tlmm d^ 

and that the chief products formed 
were alcohol and acetic, formic and suoeimo 
acids. Growth then commence^ and a l^e 
proportion of the sughr wm eonve^d ® ^ 
Uiioing carbohydrate. Tins 
by the^raost exclusive 
and the disappearance of this 
Production of butylene 
species of intestinal bacteria differ U1 » 
linked manner from the 
inasmuch as they 

Sv-butylcne glycol CHi'CHlOH) CH(0^'C^ 
Zug wV^i^U quantities of the eorrespo^lng 
ketealcohol, acetylmethyloarbinol ^ 

cHsC0CH{0H)<;h, 


This latter sobstonte, in pMenee 

alkaU, giv« a characteristic 

pioteitw, known as Voges and Proskaner’* re- 



IflO • FERMENTATION. 


action. The following quantitative roaults 
have been obtained with li. lactis 
(Eflchcrich) and bimilar ones are given by li. 
eloacce (Jordan), (Harden and Walpole, rroe. 
Roy. Soe. 1900, B, 77, 421 ; Wal{)olo, i6j'd.»191i, 
K, 8.*!, 272 ; Thomjwoii, ifnd. 1012, B, 84, 6CK); 
Harden and Norris, ihid. 1012, B, 84, 402):— 



(Jlupose 

Munuliol 


J*.c. 

('atiUK 

Pc. 4 

Culms 

Alooliol . 

18-2 

1-43 

32 T) 

2-57 

Acetic acid 

8 -(> 

0'52 

2-1 

0-12 

Lactic ac'id 

9-1 

0-55 

8 -l> 

0-52 

Succinic acid . 

4r) 

0-27 

2-8 

0-J7 

Formic acid 

Carbon dioxide 

1-7 

35-2 

}l-21 

j i-o 
135-5 

] 1 -53 

Hydrogen 

001 

_ 

_ 


ButvlenedvcoUbv (bf.) (22-7) 

1-72 

(iii-'i) 

]-19 

Vol. ratio of hjA'O;. 

0-52 


0-79 

— 


This typo of fennentatioii, therefore, is 
oharactoriHod alike by tlie largo jiroduction of 
alcohol and the formation of butylene glycol. 
As in tlio COSO of the coli-liko urguniNum, tlu! 
alcohol produced from mannitol is ajqiroxi- 
inately twice os mucli as from glucose. The 
ratio of is also much lower than is 

olmervod with the eoli-like organisms, 

Butylene glycol may ho regarded oa a reduc¬ 
tion product of aectaldchyde 

2CHa*ciio-cii,-(:ir(()ii)-OH(OH)‘(:H3 
and is actually foriiUMl from acetaldehyde by 
B, lactic acrogchvx (Harden and 3forris, 3*roc. 
Roy. Soc. 1012, B, 84, 41)2). Its production, 
therefore, falls readily into Givy's bchomo of 
fermentation given above. 

Man^ bacilli not of intestinal origin also give 
rise to similar products. Thus, Tato (Chem. Soe, 
Trans. 1803, 12(13) found that an organism 
derived from ripe pears fermented glucose and 
mannitol to alcohol, acetic, formic, succinic, and 
Mactio acids, and mado the interesting observa¬ 
tion that rhamno.HC, a methylpcnioso 
CHj-CH(OH)-(:il(OH)-CH(OH)*CH(OH)-CHO 
was decomposed by tbo same organism, but 
yielded no alcohol or formic acid, tho products 
consisting of ai'ctic, succinic, and Jl-lactio acids. 
In no case did the sum of the products obtained 
by Ta4e approach tho weight of tho material 
fermented, tne discix'pancy l>eing from 20-(i0 ji.o.. 
Again, the pneumobacilhw of Fricdlandcr (71. 
jnteumonim) was found by (Irimbort (J. Pharm. 
Ghem. 1695, [6] 2, 629) to yield 30-58 p.c. of U 
lootio acid from glucose and^annitol, along with 
alcohol, and acetic acid; whilst Frankland, 
Frew, and Stanley (Chom. Soc. Trans. 1891, 253) 
obtained no lactic acid, but only alcohol, acetic, 
succinic, and formic acids fcnd a largo volume of 
carbon dioxide and hydrogen, tho products from 
mannitol being in the ratio 

90,H,0 : 4CjH^Oi: lOCOaiSH, 
wliilst relatively lees alcohol was formed from 
glucoaa. The discrepancy between ttiese results 
4)Tbbt3Ay points to impeiioct identifloatlon of 
the oijnmsin on the part of one or other of 
ttee o^rvers or else to a wid^ difference in 
aotioh between mffeient variotlra of 
tlM nme organism. 


(c) The butyric fermentation. Normal buty¬ 
ric acid and noi-mol butyl alcohol are formed 
from carbohydrates, liighor alcohols, glycerol, 
lactic acid, and oiner compounds by the action 
of- many bacteria, and, in addition to this, 
organisms arc .also known which produce 
butyric acid from jirotcins. 

The butyric fermentation, well known as a 
means of preparing butyric acid by the inocula¬ 
tion of a glucose solution with decaying cheese, 
was first tt«<Tibed to a Hpecitic organism by 
I’asteur (ISbl). Ho named tliis organism the 
Vihruni butynque, and made tlio highly im¬ 
portant ol^ervation that its motility was 
destroyed by the presence of oxygen, a pheno¬ 
menon wliieh led to tlio recognition of the 
exi.stence of anaerobic organisms and to Pasteur’s 
celebrated theory, ‘ La fermentation est la vie 
saiiH air.’ 'Flio subsequent, researches of Praz- 
mowski, (iruber. Botkin, Boyorinek, Flii^gc, 
and many others, added t(( the Vibrion huiynqU'e 
of I’astcur as prodiicei's of butyric acid a large 
number of sper ios of varying forms and proper¬ 
ties. Tht! bacteria whicli produce butyric acid 
from carboliydratos are cliaractoriseJ by an 
extreme tendency to variety and multiplicity 
of form. Moreover, they all form spores, many 
of which are cxtnmicly resistant to heat, and 
these luets, cioujiled with tlic difficulty of 
isolating pure ciilturt's under anaerobic conditions, 
liavo given ris(^ to the greatest confusion in 
tlic liUTatuTP of the subject-, and to considerable 
difficulty in tlic idontilieation of spoeics. 

The study of tho anaerobic bacteria obtained 
from wounds, carried out with an improved 
technique, has, however, resulted in a con¬ 
siderable advance in our knowledge of this 
group of organisms {apc Report to Medical Re¬ 
search ('Ommitteo, McIntosh, 191.7, and Reports 
of tho t’ommittec upon Anaerobic Bacteria and 
infections, 1018, 1919, w'hcre the literature is 
quoted), although the chemical changes produced 
by them have not yet been thoroughly worked out. 

These organisms are best classified according 
to their morphology and chemical action, as 
shown in the following table (Report of Anaerobe 
(\.mm. 1919, 47) i— 

(«) Ontral or subtorminal spore. 

A. Both proteolytic and saccharolytic pro¬ 
perties. 

1. Proteolytic properties predominating. 
(Coagulated scrum and gelatin are liquefied.) 

B. sporogewM ; }i. ‘paraeporogenes ; B. 

hisolytieux ; B. acrofeii(lv^‘< ; B.^hifcr7neniaH8. 

2. »Saccharolytic pro])ertic8 predominating. 
(Serum not liquefied. Gt'iatin liquefied.) 

B. Wcknn ; Vibrtonxeptique ; B.chauwei; 

B. cedevmlienx ; B. hotnlimix. 

C. Saccharolytic but no proteolytic pro¬ 
perties. (Neither serum nor gelatin liquefied.) 

B. Jallax ; B. butyricus ; B. 'mvUifcTmeiiiaM 

ienalbus. 

(&) Oval terminal^pore. 

dr Saccharolytic but no proteolytic pro¬ 
perties. 

B. iertius. 

D. Neither saccharolytic ilor proteolytic 

properties. , 

B. cochkariua. 

(r) Spherical terminal spore. 

B. Slight proteolytic but no aaocbarolytic pro¬ 
perties. (Serum not liquefied. QelaUnliqnefi^) 
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B, tetam. 

C, Sacoharolytio but no proteolytic pro- ' 
pertios. I 

B, telanOTnorp/iiM ; B. aplhf.noidea, ' 

The proteolytic group ((a) A. 1) comprises tv 
number of different organisms, the cliicf chemi¬ 
cal action of some of which iff the docomposi- 
tion of proteins and amlno-aciiLs {U. hiHiolyUca.'^\ 
ace under Putrcfnctiun). B. apoi'ogenca (Metehni- 
k»iT) occurs in animal excreta and in soil. It 
is a largo motile bacillus, which readily forms 
spores. Those are very resistant to heat, and are 
not destroyed when the liquid in which they are 
suspended is boiled for many minutes. It de¬ 
composes glucose in a similar manner to B. 
Welchii (see below), but from milk it produces 
valeric and eaproic, in addition to butyric and 
acetic, acids (Wolf and Telf(>r, Hiooliein. J. 
1017, 11, 107). - 

The. non-proteolytic. group {{u) A. 2) includes 
several organisms capable of setting up jiatho- 
genic conditions in man and other animals, more 
particularly gas-gangrene. B. Wclc/tii. also 
known as B. aenM/enea capsuhiliis (Welch), B. 
perfringens (Veillon and Zuber), and B. en- 
teritidia aporogene^ (Klein), occurs iu soil, and 
is also regularly found in cow-dung, from 
which it passes into milk. It is a freqiumt 
infection of wounds, and is potliogciiic to 
guinea-pigs. It ferments the sugars ancf starch, 
but not mannitol or cellulose, an<l altacks 
glycerol. Botli from milk and glucose largo 
quantities of butyric and acetic acid arc formed, 
along with carbon dioxide and hydrogen and 
a non-volatile acid (presumably lac’iio acid) 
(Wolf and Telfer. Bioohem. J. 1917. II, 197). 
This organism, which is one of those re-sponsible i 
for the production of gas gangrene in caflos of 
wound infection, when grown under suitable 
conditions produces a toxin, from which a 
potent antitoxin can he prepared (Bull). 

Among other organisms in this group are the 
Vihrion aeptique {Pasteur nndJouhert) or bacillus 
of malignant oedema, which is largely responsible 
for the gas-gangrene resulting from infected 
wounds; B. clumvofi, the bacillus of black- 
quarter (Rauschbrand) an impure culture of j 
which was described by (Irassbergcr and »Schat- ■ 
tenfroh as the non-motilo butyric acid bacillus, , 
B. hotuliniia, which has been found in certain 
cases of food-poisoning and B. oedernaticvi. 
None of these has yet been carefully examined 
from the chemical point of view. * 

Another import.ant anaerobe (Group (a) C) is 
Bacillus hulyrtcus. This compriBcs Pasteur’s 
original yt6rtoa huiyrique and the organisms 
previoufily known as U. amylobacter (Gruber), 
the motile butyric acid bacillus of Grossberger 
and Sohattenfroh, Clostridium huiyricum (Praz- ' 
mouski), Granulobacter saccharofnitifricus (lieyor- 
mck), B. saccharohutyricus (Klecki). It is found 
in soil, water, and cheese, but less frequently 
in milk, and is typically a short bacillus with 
rounded to almwt pointed extremities, jj^'fer- 
mente glucose, saccharose, lactose, starc^and 
glycerol with production of butyric and lactic 
acid and evolution of carbon dioxide and hydro- 
gcai (Grassbeiger and Schabtenfroh, Arch. Hyg. 
1S02, 42, 219). 

B. ieiani (Group (c) B) is highly pathogenic to 
^mals, pn^uoing tetanic oonvulBions (lock¬ 
jaw) md death. Sevend distinct tyms of this 

voL. m.-^T. 



oiganism occur, wliich can only be diatingutdied 
by their serological reactions. It forms a 
powerful toxin in broth, which is used for the 
preparation of an antitoxin. It docs not ferment 
carbohydrates, and has a slight action on meat, 
without producing putn>faction. 

In somo detached instances oxanimations 
of chemical products have been made witli 
cultures of doubtful purity. Thus the B. 
^hufyUrus of Fit/. (Her. 1878, 11, 49), ob- 
I tainedafrom hay infusion, gave the following 
n'svilta with glycerol, mannitol, and invert 
sugar:— 

Glycerol Mannitol Invertaugat 
j>.c. ji.e. p.c. 

n-Butyl alcohol . 8-1 10-2 0-/5 

n-Biityric acid . 17‘4 42’5 

Lactic acid . 1-7 0-4 O’.*! 

Succinic acid . — O'Ol trace 

Trimethylone glycol IL4 — — 

The fermentation of glycerol by this organism 
has iKion recommended by Fit/., and subsequently 
by Frounii, as a convoniont method for the pre¬ 
paration of ?i-butyl alcohol and of triinethylcno- 
glycol. 

Buchner and Mci.scnhoimor (Ber. 1908, 41, 
1410), also working with tius B. hiilyhcua of Fit/,, 
obtained analogous results, as did also Pordrix 
(Ann. Just. Pasteur, 1895, 5, 280) with the 
B. amylozymn (I’crdrix). 

An organism termed B. omyhhacUr perftno- 
voriim, th(5 exact position of which in the elasHilica- ^ 
tion is not clear, has been employed for the 
commercial jiroduotion of acetone and n-butyl 
alcohol from maize (Fembaoh and Ktra^e, 1912, 
Eng. Pat. 2T073 ; Weizmann, 1916, ^g. Pat, 
4845). The chemical side of the pr^'cess has 
been described by lloilly and his colleagues 
(Biocliom. i). 1920, 14, 229), and hy Bpoakman 
(J. Biol. (Iicm. 1920,41,319; 43, 401), and the 
nei’PHsary plant by Speakman (J. Soc. Chem. Ind, 
1910, 38, J55 T). A 0-5 p.o. mash of maize is 
employed and the organism produces from the 
mm/.c 7 p.c. of acetone and 10 p.c. of butyl 
alcohol, together with small amounts of acetic 
and butyric acids and a non-volatile acid. A 
large volume of gas, consisting of carbon dioxide 
and hydrogen, is evolved, 100 lbs. of maize 
yielding 341 cubic feet or 40'7 p.c. of COj, and 
209 cuoic foot or I’l p.c. of Hj. The acetone 
and butyl alcohol arc distilled off and purified 
by fractional distillation. In the presence of 
calcium carbonate very little acetone and butyl 
alcohol are formed, the products consisting of 
aoctic acid, butyric acid, and gas. The yield 
of acetone is greatly increased by the adcution 
of acetic acid and that of butyl alcohol by 
butyric acid, and it^ieems probable that in the 
normal fermentation acetic and butyric acids 
are intermediate products. 

The occurrence of acetone among the pro¬ 
ducts of carbohydrate fermentation had 
previousljT frequently been recorded (see Schar- 
dinger, Centr. Bakt. Par. 1905, ii. 14, 772). A 
considerable yield was obtained by Schardinger 
by the action of the spore-forming B. macerana 
on potatoes and plums, alcohol and acetic and 
formic acicT being also produced, but no laotio 
or butyric acid. * • 

The production of butyric acid and butyl 
alcohol from glycerol and lactic acid by means 
of the batyijo bacillus is of groat tfateretical 

H 
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importance, since it involves a syntnasiB from 
the primary j>roduct« of tlio rupture of the 
carbon chain. Jt has In^en sug^'eaUd by many 
obwervefH that on(5 of t}io.s(‘ iw acetaldehyde 
from whic'li the Inityrif acid and butyl alcohol 
could readily be fonned iy an aldol coiKlonsation, 
followctj by ](Miijction or a combined oxida¬ 
tion and rcducUim : 

2 CH,-(JllO==(JIJ3CJI(()i-I)-(UK-(dl() 

TJint’ lactic acid jk not tic<'fWMarily an intcr- 
nuMliate prrxluot in ih<‘ Initync fcrmciilation, iis 
HUggfwtcd by Huchner and MciHcnb(‘inicr, is 
shown by the fmt that certain organisms will 
not ferment iacl-m atnd m this W’ay, altliough 
they produce butyric acid from Hugaiv. 

Neuberg and AriTistrin{ Bioc.hcm.Zcitscli. 1021, 
117, 200) have apjilii'd the sulphite ‘lixation’ 
method to the fermentation ot sugar ]>roduced 
by B. liuiyhcuK Jilzianus, and liavc found tluit 
autaldehyde is jiroduccd. Neither autaldohydo 
itself, however, aldol nor pyruvic acid yielded 
butyric acid wdicn treated with the organism, 
whereas the aldol of jyruvic acid 

gave a good yield, and t hey therefore consider 
that this Bubstanet' is jirodueed as an inter¬ 
mediate product. 

'Die doU'ction of aiiaiirobiu liutyrie atud 
bacteria in milk (Klein's H. cidcn/idix A/xiroj/Mirs) 
forms part of the routine examination of milk 
for fajcivl contamination, and is earri(‘d out 
by heating the milk to HO' for 10 niinuti's, 
to destroy all vegetative forms and h'ave only 
the rofliHtant spori's, and mcniiating nK'asured 
quantities of the lirpiid aimch’obieally. A 
charaot<>ristie sojiaratum of the cosi'inogim in 
flocouli, aecompnnied by a smell of butyric 
acid and Ihe develofiincut of ram •positive 
rods pathogenic, to guinea-pigs, indicates the; 
jirosenco of tlio bacillus. 

(d) The fermentation of cellulose and bacterial 
production of methane. The bacterial fermen¬ 
tation of celhilose. takes place on a vast .scale in i 
the soil, especially in maraliy jdaces, and appears j 
to be one of the eliud pnaieHscH by whii'h the 
cellulose of plant remains «is resolved into 
simpler produets. It is t-o this decomposition 
that is due tin* evolution of an inflammable 
hydrocarbon from mai'Mlies, which was first, 
rocognised by Volta in 1770. A similar de¬ 
composition occurs in the stonmclis of gramini¬ 
vorous animals {Taj)pcin(T) and in heaps of 
manure, wool, refuse. &c. Tlic fact that 
ceJIulose was copablo of undeigoinj? fermentation 
was firct observed by MiWeherlich in IHfiO, who 
ascribed tlio gradual disappearance of the cell 
walls of potatoes left in water for several days 
to the action of bacteria. The power of de¬ 
stroying cellulose was subhoquently (erroneously) 
attnbutod by van Ticgliem (Compt. Tend. 1870, 
88 . 20A; 89, 26, 1102) to the Ji. ampJdbacIrr 
(Gruber), on the ground of tho destructive action 
of thifi tMmiilua on many vegetable tissues. A coii- 
sidon^ AUkoimt of information as to the chemi- 
ced fifttuve of tho process of cellulose fermenta- 
^ tion 'WB afforded by the researches of Popoff 
(Arch. Phj'8. 1876, 10, 118), Tcnpiioiner (Ber. 
1881. 2376 ; 1882, 999 ; 1883, \7U ; 1884, 142, 
202, 687), and Hoppe-Seyler (Zeitsch. physiol. 


(Chem. 1880. 10. 201, 401; Ber, 1883, 10, 122). 
i Popoff and Hoppo-Soyler worked with sewer 
mud, and found that it contained organisms 
capable of decomposing Swedish filter paper, 
and producing from it carbon dioxide, methane, 
ariW flometimes hydrogen. lioppe-Soyler, indeed, 
was able to bring about the conversion of 26*8 
granw of pure filter papfsr into marsh gas and 
carbon dioxide in 4 years at room temperature, 
no other products being formed. Tappeiner 
paid attention chiefly to tho extremely interest¬ 
ing ])roblem of tlie decomposition of cellulose in 
the animal intestiiif!, which had'proviously been 
asorilicd to the action of a soluble enzyme 
(Hofmeister). He showed that a largo part, if 
not the wlioh', of tliis d<*<:oinposilion, which in 
niininants may amount to as much os 75 p.c. of 
the eollulosc ingested, is l.'acterial and is aecom- 
pHuied by tlio evolution of latge volumes of 
carbon dioxide, marsh gas, and somotimefi 
hydrogen. He was moreoA'or able to show that 
two types of eolluloBc fermentation existed, one 
of which w’a.s characterised liy the production of 
methane, the other by that of hydrogen, methane 
being fonned when tho nutrient medium con¬ 
tained beef ejctraid, liydrogen when only salts of 
know7i eom])ositi(m were used. In both caaes 
earbon dioxide was evolved, and aldehyde and 
largo quantities of acetic and butyric acids were 
produced. No atlvanco had, up to this time, 
been made in tlxe determination of the specific 
bacteria to which the dostruclion of ceUiiJose 
was due, this function br'ing generally ascribed 
to B. amylaiinf'ier, although van Senus (Koch's 
•Talirli. 1890. 1.130) considered that tho presence 
of a second organism wu.s nccosanry. Much 
liglit has been thrown on tho whole subject by 
the long-continued rescarchos of Omelionski 
(dentr. Bakt. Par. Abt. ii. 1902, 8, 193; 1904, 
11, 3(19; 12, 33; 1099, 15, 973; article in 
Lafar, Technischo Mykologie, 1904, iii. 246). 
Omeliansk) has found tliat tlio fermentation of 
cellulose is produced by anaerobic sporing bac¬ 
teria, and agrees with Tappeiiier in recognising 
tho mctliano and hydrogen typos of fermenta¬ 
tion. These are brought about by different 
organisms, wlii<'h can Ix' separatod if advantage 
be taken of Uie fact that when a mixed culture 
of the spores of both varieties, sucli a.s occurs 
i naturally in sewer mutJ or manure, is inoculated 
! into the nutrient solution described below, and 
, cultivated anaerobically, the bacteria of the 
1 methane fertnentation are tho first to grow. 

I Accordingly, when such a mixed culture is 
\ allowed to develop and is tlien heated to 76® for 
j 15 minutes, the vegetative forms of tho methane 
I bacteria are killed, and a succossion of inocula- 
! tions and heatings eufficee to remove the whole 
i of these, and leaves a culture which produces 
I a pure hydrogen fermentation. On the other 
j hand, direct inoculation without heating 
] to the elimination of tho undeveloped spores of 
; the hydrogen organism and the pr^uction of a 
I pui^^etbane fermentation. It has not so far 
i been‘found possible to obtain cultures of either 
I form on solid media, and Omelianski relies on 
1 the strongly selective character of his medium 
and the microscopic appearance of his cultures 
as the only ^aranteos of th^r purity. The 
medium found suitable consists of potassium 
phosphate, 1 gram; roagoesium sulphate, 0*5 
gram; ammonium sulphate or pho8|jmte. 
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1 Bfani i Bodium chloride, trace; distilled water, j 
1 Btre. To 300 c.c. ot this, 3-4 grama of Swedish 1 
Alter mper and 5-6 grams of rhalk are added, 
and the whole inoculated. The fermentation 
only begins after at least a week’s inoubatmn, 
and proceeds slowly for many months. Spots 
slowly appear on the papi'r, and these 
gradually become j)orforHtionri, and tlio. paper 
breaks up into fragments and finally disappears. 
She decomposing fragments are found to bo 
densely covered with l)aoteria, 'vs'hi<'li are very 
slender, isolated rods, those of tlu‘ inotliano 
fermentation being sonu'wliat the thinner of tiie 
two .Hpeciwi. They giadually jiroduce at one 
end a round spore, threi' times tlie diameter of 
the rod (drnrnstiek 'I'ho baeilli can 1 h^ 

stained by the ordinary aniline dyc's, and do not 
give a blue coloration with iodine. 

In the absence of anv isolat ion of tlie bacteria 
on solid media or eidlivatum from a single 
spore, it must still be rcgardeil as iloubtful 
.whether either of thi'se organisms has yet. been 
obtained in pnro <uilture. 

The 'produdH of dcamposih'on nf ctdliiloM-' 
were examined quantitatively by Ornelianski. 
and found to lie as follows :— 

lIviln'Ksm Methane 
formiintaUon fenni'ntation 


Carbon dioxide . 

p 0. 

. 29'l 

p.c. 

43-2 

Hydrogen . 

. U-4 

— 

Metliano . 

. — 

O'H 

Acetic acid 

. 35-9 

43'(i 

Butyrio. acid 

. 31-0 

7*1 


96'4 

KM)-7 


Pringslieim (Centr. Uakl. Ikir. 1913, ii. 38, : 
513) has found that the feniK'iitation of cellulose 
can bo brought about- anadrobjcally by many ; 
thermophilic baeU?ria, which have the remark- | 
able property of growing best at 
temperatures at which most boct-cria arc killed. 
The products in tliis case are liydrogen and ; 
carbon dioxide, along with acetic and formic, j 
but no butyric, acid. Cellulose is also deeoni- ; 
poeod by certain denitrifying organisms. Tlie 
same author has shown that in all processes of ^ 
the bacterial fermentation of cellulose a pro- : 
liminary hydrolysis occurs, brought about by 
the celjulase of the organism, with formation 
of the disaccharide cellobiose, which is then 
further hydrolysed and the produce's fermented 
(Zeitsch. physiol. Chem. 1912, 78, 2<)0). (kdlu- ; 
lose is also attacked and disintegrated by , 
various atJrobic organisms and by certain i 
moulds {sef' McBetb, Soil Science, 1916, 1, 4.37), ' 
but little is known os to their mode of action. ; 
The materials containing the cellulose-fermenting , 
bacteria also contain organisms which are 
capable of producing methane from a great 
variety of suMtancos, among which are acetates 
(Hoppo-Seyler), tutyrates (Maz^.), and generally 
the fatty acids containing an even number of 
carbon atoms in tbe molecule fHohngen); a4%’)hol 
and gum orabic (Omelianski), and, according 
to Tappeiner, various albumins and protein 
derivatives, Omelianski also obtained from 
decaying wood organisms which produced 
methane fermentation with e^ albumir^ glue. 

woerf, and peptone. Permentations of 
kind undoubteoly play a large part in tbe 
. dB i,ttPction of and vegetable remains 


and are of great technical importance in tbe 
decomposition of sew^o in the septic tank and 
in the fermentation of manure. An intereeting 
P4>nfi0qnencc of their constant occurrence in 
nature is the prosenco of methane in the ait, as 
•much OH ir3 c.c. per UK) litres having been 
found by (iautier in the air of wooded rural 
districts, whore the d(x'ornpoBitioii of vcffctable 
matter in the soil is probably very considerablo. 

Other types of fermentation by deoompoil- 
tion. ^^Fermentation of the hydroxy-acids and 
glycerol. Among the numerous other types of 
fcnnontalicm involving tlie rupture of the carbon 
chain of non-nitrogenou;i compounds, only a few 
can be mentioned liere. 

i. The B. ethncHicus (K.) was isolated in 1890 
from sheep dung by Franklaud, who carefully 
examined its action on a numl>er of different 
HubKtanc<‘H. This organism does not appear to 
have been identical witii any of the more 
reeently described inti'Htinnl bacteria. It fer- 
inented trlucosc, mannitol, arablnose, and gly- 

; cerol, forming mainly acetic arid, alcohol, formic 
j acid, anil a mixture of equal volumes of carlwn 
dioxiilo and hydrogen. No lactic acid was pro- 
iiuc(*d. but fi'oin glucose and arabinoso a hxed 
acid of unknown eouiposition was probabty 
formed (I'Tankland ami Fox. I’roo, Roy. 8oc. 
1890, 40, 345 ; I'Tankland and Frew, Chom, ftoc. 
Trans. 1891, 81 ; Frankland and Lumsden, ibid, 
1892, 4J52; Krankland ami Ma<jClregor, ihut. 
1892, 737). This organism had the interesting 
proporty of fermenting a solution of calcium 
<'//-glyceruto asymmetrienlly, only deoomposing 
tlie f-acid and leaving unattacked the pure 
d-acid, which was first isolated in this way. The 
decomposition Is roproscutod by tho equation : 

5(;3Hft()4 = CaTrfl0+4(l2H40,+GCC),+3Hg+HB0 

Tliis organism, after ropoatoii oultivation in 
calcium glyccrate, however, acquired tbe power 
of slowly fermenting tho fi-acid, 

ii. (Hycarol undergoes fermentation by many 
organisms, and in some cases yields butyrio ooid, 
HK bos already lx‘en described. 

A more mual change is its docorapoeition 
mainly into alcohol and formic acid or carbon 
dioxide and hydrogen : 

'I’hiH was observed by Fitz with an organism 
known as B. ethylievs or filzianns, and this u 
also tho type of decomposition produced by 
B. coli co7mmtnis (Harden). 

iii. The hydroxi/-aci(ls, such as lactic acid, 
malic acid, and citric acid, are readily d^m- 
posed by many organisms. Thus lootic acid, in 
addition to undergoing butyric fermentation, 
is converted by a mixed fermentation (Strecker, 
1854, Fite) into acetic acid, propionic acid, and 
carbon dioxide. Malic acid yields with B. lactin 
airogeneSf carbon dioxide, acetic acid, tod a 
large amoqnt of succinlfc acid (Emmcrlmg), similar 
products being formed by B. cloaca (Thompson), 

i whilst citric acid is convortod by these two 
organisms into carbon dioxide and acetic add. 

iv. The mannitol fermentation is effect^ an 
I organism u^ich occurs as an infootion in winss 

I (Gayon and Dubourg, Ann. Inst. Pasteur, 1804,^ 
I 8, 108; 1901, 15, 627). It decomposes sufaM 
1 into alcohol, tarbon dioxide, acetic, lactic, and 
} succinic acids* and glycerol, but with ^nictois 
' yidds a considerable proportion of inan&itd. 
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FeKMEWTATIOWS by OxIDaTIOW. I 

All aiirobio orpaninmR have the power, like , 
the lugher plantK and animalu, of oxidising | 
appropriate food inaicrialH, with production of j 
carbon dioxid(r and water. It in, however, 
frequently jxis.'^ihle, in the caHc of bacteria, to : 
iuolatc ijaidially o.KidiN(;d jirodnctN and thuH 
UHCCftain Honn? of the utanca of the proeeAs, 
when'aa thin can only rarely be aecompliKheil 
with higher organisiim. 'I’he produet#jn of 
acetic acid from alctihol by bacterial action i.n 
<»no of the most iiiijiortant caHCH of t liis kind : 
tint oonverHion of aninumia into nitrous acid, 
and this into nitru^ acid, la-ing a second. 

(a) The acetic fermentation of alcohol and the 
oxidising properties of the bacteria which produce 
it. The spontaneous souring of wm<*, beer, and 
other aleoholiii iKpiors when evjioscd to air lias 
long been known and employed for the nianu- 
faeture of vinegar. I’asteur. in iHlil (Mem. sur 
la fcjrmontation acctique ; Arm. Mtole Norm. 
NUp. 22b; .1. ('hern. So(\ AIxstr. iHSl, 12S: 
hhiuha ftur le vmaigre, 18()S). eonelusivciy 
proved that the cliangc* of alcoliiil into acetic 
acid in this process was dm* to the ’ flowers 
vinegar,’ an organism whicli, from the 
umstanci’' that it formed a liliu on tlie 
surface of tlu' liejuid, he terniod Miicodvrim 
nccli. J*a«teur earefully I'.xarnined Lins organism. 
Cultivated it in synlhetie media, anrl proved 
that it acted iw a carrier of oxygen from the 
uir to the alcohol, and that it' wius capalilc. 
wheti no mon* alcoliol was available, of oxidising 
the acotie aeul to carbon dioxide and water. 
Traces of aldehyde were observed to bet jirodnced 
when thi* vitality of the organism was nnpairi'd 
The application of Neuberg’a ‘ lixation'method 
(fermontntion in preBenee of sodium .sulphite) 
leads to a large uceumuhition of acetaldehyde 
(Nouberg ami Nonl, Bioihem. Zeitseh. 10111, 00, 
158). Since J‘a.steur‘s tiriu' a large numhor of 
organisms have been found which have a similar 
notion on alcohol, and wliieh inelude tlioso found 
in vinegar breweries, 'rhese are not very clearly 
eharaeterisod, and only one or two of the most 
important can bo hero mentioned (wr Jlenno- 
l>org, various papers m (!entr. llakt. Par. Abt. 
ii. 1807-118, 1005-(); and (liiningsbactcriolo- 
gisclioR Praktikum, Hcrlm, 1900, 510-558). 
A (icdi (Hansen) has U'cn studied morpho¬ 
logically by (V)hn (Piid. d. Pllanz,cn, 2, 17’P, and 
biochemically by A. J. Hrnwn (Phem. Soc. Trans. 
188(1, 174; 1887, 038) and Haasen. It grows 
on the surface of culture media, forming an easily 
broken film, consisting of chains of cells about 
2 inches in length, and sjightly contracted in 
the middle, so that tliey rcAcmhle a figure of 
8 . It does not form spores, and readily pro¬ 
duces involution forms, cells of 10-15 ^ in 
length and irregularly swollen being common. 
As regards the riroduotioti of acetic ^acid from 
alcohol, Broxvn luUy con6rmod Pasteur's obser¬ 
vations with Mycoderma aceti. The liighcst 
concentration of acetic acid tliat (?an be obtained 
by the use of tiiis organism is O'O p.c. (Hcnne- 
berg). , 

, Brown also found that this organism con- 
vortB »-‘lffO|>yl alcohol into propionic acid, and 
glycol into glycollic acid, hut dot* not m't on 
methyl oloonol or crytliritol, wlftlst it oxidises 
glyoem ooxnpletoly. The observation that this 


bocUlas converts glucose into gluconic acid 
(Boutroux, Compt. rend. 1878, 80, 006; 1880, 
91, 230) was confirmed. Mannitol undergoes 
an extremely interesting reaction, being con¬ 
verted into lructo.so. All these reactions occur 
when the organism is grown on solutions of the 
various substances in yeast water, chalk being 
added to neutralise thi* ai'iils formed. 

Ah already mentioned, Buchner and Gaunt 
(Annalen, 1900, 349, 140) have shown that the 
oxidation of alcohol by this organism is due 
to the action of an cny-ynie, and can bo effected 
by the la'lls aft(‘r they liave been killed and 
dehydrated by acetone. 

li. xi/ltiius (Brown) is the organism which 
occurs m the vinegar jilant, or mother of vinegar, 
in which it is a^<,sociatt‘d ^silh a ycaat. 'J'ho 
niixf'd growth is thus eajiable of (‘onverting cane 
sugar solution into viiuigar, the sugar, which is 
itself not attacked by the bacillus, being hydro¬ 
lysed and fenmuitcd by the yeast, w’ilh produc¬ 
tion of alcohol, which ih then o.\idiHod by thq 
bacillus, Tlie ii. xi/hmif,' in jmre culture grows 
on the surface of alcoholic liquids, forming thick. 
Lough gelatinous iiKunbraiKw, which sometimes 
on wine attain a Huekness of as much as a foot. 
Tliis is due to the formation of a transparent 
lilm m winch tlie Hhort, rod-hko bacilli are 
embodck'ci. 'J’lns film contains a large proiior- 
tion (35-()3 p.c. of its dry weight) of a. celluloHo* 
like rnatcTiul (Brown), wliich, liowcver, contains 
nitrogen, and is probably a glucosamine deriva¬ 
tive (Kmmerling, Ber. 1899, 32, 541). The 
chemical actions of this organism were found 
by Bixiwn to agree in general witli those of 
j'i. accli. 'fhey have been inoro completely 
investigated by Bertrand (Ann. C'liim. 1994, 
|8| 3, 181), who terms the organism the sorbose 
baetcriiim. He finds that tins organism cun* 
verts many jiolyvalent alooliols into the corre¬ 
sponding a-ketose. thus clianging sorbitol into 
sorbose., mannitol into frueiose, »-erythritol 
into erythulose (:Ha(0H)-(.-0-tlH(0H)-(ing0H, 
/-arabitol into arabinuioso C^HjoOj, 

' pcmcitol and voieinitol PyHjgOy, into perseuloso 
; and volemuloHC (.',H, 40 ,. Of groat interest is 
its action on glycerol, which it converts into 
! dihydroxyncetone (’H 2 (OH)‘CO'CU 3 ’OH, on- 
I tirely free from the isomeric glyccraldohyde 
I which i.s invariably formed by the action of 
ordinary oxidising agents. 

This method is by far the most convenient 
for the ])roparation of dihydroxyacetonc, the 
organism being simply grown for about 3 weeks 
; on a 10 p.e. solution of glycerol in yeoat water, 
an<l the liquid then evaporated, precipitated by 
alcohol, filtered and finally evaporated in vacu6. 

On the other hand, glycol, 1-xylitol, and 
d-tlulcitol are not attacked. The action of the 
, bacillus is confined to the oxidation of a secondary 
I oarbinol group, which is not stereochcmicolly in 
j the neighbourhood of a hydrogen atom (Ber- 
I trand). The aldoses are oxidised to the corre- 
spofilng acid, gpuoose, xylose, arabinose, and 
galactose all behaving normally in this respect. 
When the acid thus produced oontains a 
CH(OH) group capable of being attacked, 
according to the rule just stated, this may also 
be oxidised. Thus gluconic acid yields the 
corresponding ketonio acid, oxygluoonic acid 
(!H,(0H)*C0-CH(0H)-CH(0H)’CH(0H)-C00H, 
which had previously obtained by Boutroux 
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by the did of the Jlf. 6bht\^U4 (Bout.) (Conipt. ! sub-cuJture in a selective culture medium oon- 
rend. 188tt, 102, 924). ^ i taining sodium nitrite instead of an ammonium 

(ft) MHliflCfttion. The conversion of the ! salt. This discoveiy led to the explanation of 
nitrogen of organic matter into nitrates in the the apparently capricious action of the nitrifying 
soil waa familiar to chemists at a very early organisms, which sometimes yielded'nitrite aM 
date, and was employed as a means of manu- ' at others nitrate. It was found, in confirmation 
facturing saltpetre. From the time of Mayow of tho opinion expressed by Waripgton, that the 
onwards, it was regarded as a purely chemical development of tho nitrate-producing organism 
action brought about by the af^ency of tho porous was inhibited by comparatively small proper- 
soil, or, according to Jaebig'fl cliajacti-ristic view, tions of ammonium salts. I’his effect is, in ^ot, 
by a ferment, i.c. sonic Hubstanco which was ; very Remarkable, and is comparable to that of 
itself undergoing oxidation in tiu! soil. The ' the most jiowcrful antiseptics. In a particular 
idea that this process was in reality of biological case as litt le as 0'(H)5 gram per litre of ammonia 
origin was suggested by I'asteur (18(i2), but (as sulpliato) caused a iiorceptiblo diminution in 
first mores fully develoiied by Scldoesing and the rate of nitrification of a nitrite solution, and 


Muntz (('ompt. rend. 1877, 84. 301 ; 1878, 80, 
3!^2; 1879, 89, Ht>l, 107+), who found tliat 

nitrification ceas<Ml when tb(“ soil was .sterilised by 
heat or antisi^jitics. Tlic researches of Waring- 
ton ((’hern. Soc. 'I’rans. 1H7H. 44 ; 1879, 429; 
1884, {!.37 ; 1888, 727), earned out at Rotham- 
sted, contributed, along with imieii information 
as to tlu' conditions of lutnheatuui, the funda¬ 
mentally inijiortant facts that oxidation often 
only jiii)cccih*d as far as llic pnahiction of 
nitrite, and that the nitrogen wa.s converted into 
uniinoiiia before being mlnfled. These ctmeeji- 
tions weie tlicii further developed by Munro 
(('hem. Soe. Trans. 188(5. (582). who eai’iio to the 
ooneluslon that the normal eoiir.se of nitriiiea- 
tion cunsistud m tlie ]ii'oduetion of aninioniH 
followed by that of nitrites and mtiates. Up 
to this time (IK8K), ail attempts to isolate the 
organisms hy the aid of which the change was 
effected hiiii failed, and it was not until this had 
been effected by Winogradsky (Ann. lust. Tas- 
tour, 1800, 4, 218 ; article in i;afar, ^J’eehniHcho 
Mykologic, IIK54, iii. 1.82 -181), and almost simul¬ 
taneously by Wariugton (.see Ulicm. 8oc. Trans. 

! 808,484), that the true conditions of tho process 
were diseovored. I’lie baeillocoecus possessed 
of nitrifying power which was deserihed liy I*, 
and G. FratiKlaiul (Rroe. Roy. Soc. 18!K), 47) 
was subsequently found not- to’be a pure culture. 
Winogradsky, convinced that the presence of 
organic matter was detrimental to the develoji- 
ment of the organism, inoculated with earth a 
Bolution containing only I per mille of ammonium 
sulphate and of potasHium phosphate, together 
witn some solid basic magnesium carbonate, 
and by rejxiated sub-cultivations succeeded in 
obtaining strong nitrification in a» liquid almost 
free from organisms capable of growing on the 
wdinary solid media. The primiple involved 
is that of selective culture, only those organisms 
surviving which can avail themselves of the 
very limited supply of nourishment provided. 
The deposit of magnesium carbonate in such solu¬ 
tions waa observed to be covered with gelatinous 
masses of the nitrifying organism, and when this 
was spread on gelatin, it was found that many 
particles produced no growth whatever, and 
were therefore free from all qfdinary soil organ¬ 
isms. Some of these, when removed alM^^aecd 
in the culture fluid, produced active nitrification, 
and a growtih in which no foreign organisms 
coold be detected. It was subsequently found ' 
by Winogradsky that this organism was only j 
capable of converting ammonia into nitrite, and ! 
that the final stage of the oxidation to nitrate j 
was.efiected hf a second organism, whkli was ^ 
isoUted (L891 ) in a similar manner, by repeated ' 


0-154 gram completely inhibited it. On tho 
other band, nitriles may bo jmosent up to at 
least 10 grams per litre, and nitrates to 20 grams 
jier litre. When, liowovcr, ammonia is added to 
a liquid < ontaining a woH-dovolopcd culture of tho 
nitrate-jjroducing urganisni, it causes very little 
idiango in the rate of action, even in quantities 
of 1 '8 grams nor litiv. so (hat its harmful efToct is 
mainly one of nilnbjtjon, exerted on the develop¬ 
ment of tlie organism, and not on tho oxidising 
UiCf ion of the (l(*velopod organism (Winogradsky). 

In agreiMTient witli tJll^so facts, it is found that 
wiien an innculalioii of earth is made into solu¬ 
tions of animonium salts, nitn^aifioation (tho 
))rodue.tion of nitriU*) proeoeds until nearly all 
the animonia has Ixieri converted, and only then 
doas the production of nitrate begin. The 
rcjioateii addition of fresh ammonia before this 
second stage si'ts in will limit tho action entirely 
to tho prriduoLion of nitrite. If, however, 
nitrate production is oneo well established, 
further additions of ammonia are completely 
converted into nitrato. Similar conditions 
prevail in th(' nitrification of sewage, which is 
a])parcntlv ofTocted by tho same organisms as 
arc fount! in tho soil ((Uiick, Proc. Hoy. 8oo. 
100(5, B, 77. 241). 

Another remarkable feature of these 
organisms is their mode of carbon assimilation. 
Organic carbon not only cannot be assimilated 
by them, but actively Inhibits their development 
in culture Bolution.s, compounds such as glucose 
and j>c]»tono totally inhibiting nitrosification in 
concentrations of 0-2 p.c. and nitrification in 
concentrations of 0'25 p.c. (glucose), and 1 *26 p.c. 
i (peptone), and behaving, therefore, in this 
i rc.spoct like jiowerful antiseptics. Jt was this 
property which rendered tho isolation and 
artificial culture of these organisms so difficult. 
In the soil, however, these compounds are not 
harmful, and even aid the proc<«8 of oxidation 
(Coleman, Centr. Rakt. J*ar. 1008, ii. 20, 401). 
Tho solo source of carbon for both clawes of 
organism appears to bo carbon dioxide, derived 
from carbonates by tho nitrosifying orgimlsm, 
and from bicarbqjiatos by the nitrifying 
organisrm The energy necessary for the reduc¬ 
tion of carbon dioxide to assimilable compounds 
is apparently provided by tho oxidation of the 
ammonia or nitrite, and a fixed ratio exists 
between tho amounts of carbon assimilated and. 
ammonia V nitrite oxidised. Thus the tfitro- 
sifying oi^anism oxidises 35*4 parts of 
as ammonia^ for 1 part of carbon aoumlUted 
(Winogradsky). 

The study of the morphol(mcal char^eterislto 
of the organisms of this bigb^ importoat groft^ 
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has been greatly aided by the discovery of solid , of sulphur bacteria arc known, tho most im- 
media on wliich cultivalioiiB can be mode, ! portant being Beggiaioa and Tkiothrix, which 
Winogradsky first introduced a jelly of silica ! form long threads, and arc regarded by some 
saturated with tlie culture fluid, and Omelianski authors as intermediate between the bacteria 
has successfully used j)lat(« made of gypsum and algic. In addition to these, a large number 
and I p.c. of inagiussiuin carbonate, and even of otlicrs bavo been described, many of which 
discs or strips filter paper. Moro convenient are characterised by tho produciion of a rod 
arc the agar jdaUw introduced by Bcycriiiek colouring matter known as bactcriopurpurin 
(Oent. Baki. Bar. ii. 19, 258). Tho agar- | (Ray Lankester). 

water jelly is allowed to stand for about a ' Another grouj) of bacteria is known, the 
fortnight under waUir. Bermenlation dttcurs, species of whicli bring about the oxidation of 
aceompaniod by the deconi|>()sition of all tho fesrrous hydrogen carbonari' to ferric hydroxide 
compounds whieli inhibit the growtli of tlie in chalybcutc waters. Tli(-“S(; organisms, which, 
nitrifying organisms. I’he agar is then wasliod, like the sulphur baideiia, form long threads, are 
mixed with tho culturo medium ami a little also closely allied to tlie alga', and belong to 
chalk, and linullv sterilised. the genera Craiothnx, Clartothrix, ^Ireptotnrix, 

The exact relations of tho various orgunisui.s &,c. 'I’liey aro also able to effect tho oxidation 
which have boon isolated are still unknown. The , of manganese salts, and the resulting oxides 
general result is tliat Hi'veral nitrosifying arc ajiparently depo.sited in the gelatinous 
organisms have Ix'cn obtained from dillercnt membrano of the cell (Molisidi, quoted by 
regions, wlnireas iiitlierio only one nitrifying Huilmann, Lafar, in ). 

organism hoa been found, 'I'he nitrosifying Other groups of haeteria are able to play the 
organism is termed Ii. (Winog.), L part of jfiatinum black in bringing about the 

and N. The forms of tlu'- West European vuriety oxidation of liydrogcn (Lebedev, Biocbein. 
are oval bacilli (1 x 1'2--I‘8g). wliieh produce Zeitsch. 1007, 7, 1: Jicbedev and Nabokicb, 
ssooglma in fluid modwi, and brown colonies on (Jentr. Bakt. J’ar. ii. 190(». 17, 1150; Niklowski, 
solid media ; t hese bn^ak up after soiiici t ime into (!cnti’. Hakl'. J*ar. ii. ltH)7, 21. 1380), whilst others 
motile forms. Tln' organism from Buitoiiz(Ug in can cllcct tlie oxidatriou of niarsli gas {B. me- 
Java, on the other hand, is a minute mierococcus thanicufi, ISOhugen, Broe. K. Akad. Wetensch. 
0*5-0‘6g in diameter, and that from (^nito n large Amsterdam, 1005, 8, 1327), and an organism has 
ooocuH l’5~l’7g in diameter, wliieli does not form been di'siTiliod liy BeyeniU'k (Centr. l3akt. Bar. 
zooglona. 'rhe organism from tJapan closely ii. 1000, 25, JO) winch <!un bring about reaction 
rosombloH the Euro]>cnn variety, llitiiorto only bi'twecn nitrous oxiile ami hydrogen, and 
one variety of tliis organism has been obtained obtain its ('arbon from carbon dioxide by the 
in any one dislriet. aid of the energy thus lilierated. ^ 

B. nitrottocUr (Wmog ). L. and N.. which con¬ 
verts nitrites into nitrates, is a bacillus 1 X0'13- 1 KRMKNTATl(l^s by R^:nuc'Tlo^ anb 

0*4g, poBsessw a gelatinous capsule, and never Ukoxi'dation. 

forms motile cells. It grows very slowly on agar, {a} Reduction, Tho decomposition of a 
forming almost colourless, dr’op-like colonics. niohH-uIe of a carbon compound into two 
(c) Other oxidising effects produced by or more smaller moloeulos, some of which are 
bacteria. Oxidation of sulphuretted hydrogen, relatively more oxidised and others relatively 
ferrous oxide, hydrogen, and methane. Very more redueed, is, as we have seen, a common 
special interest attachovs to the action of bacteria feature of many fermentations by dccomposi- 
in bringing about the oxidation of sulphuretted tion. A typical example is afforded by the 
hydrogen. This process is comparable witli the alcoliolic fermentation of sugar, which results 
nitrification of aminonm, inasmuch as it has the in the formation of carbon dioxide on tho one 
effect of converting suiphuretted hydrogen, a hand, and alcohol on tho other. The decomposi- 
direct product of the jmtrefaction of proteins, tion sometimes results in the production of free 
into sulphates, from which plants are able to hydrogen, ancl when this occurs in the prosonoe 
supply tnomselvt‘8 with the sulphur osHcntial for of reducible Rubstaneos. reduction often takes 
their growth. place. Of tlka secondary character are the 

Early observers noted tho occurrence ol reduction by B. coU coftimuniH of nitrates to 
oharaoteristic micro-organisms in sulphur wells, nitrites in presence of sodium formate (Bake^ 
and the presence of granules of snlpnur within and Jollyman, (^hem. Soc. Trans. 1001,459), and 
their cells (1870-1875), but it is to the researches of aspartic acid in presence of glucose to am- 
of Winogradsky that we owe, in the main, our monium succinate (Harden, ibid. 1001, 612), the 
present knowledge of the sulpliur bacteria. The induction being effected by the hydrogen pro- 
oxidation of sulphuretted hydrogen is effected duced from the formate and glucose reepoetively. 
in two stages. The first prodiufii is free sulphur. Many similar cases arc known, espeoiafiy among 
which is deposited in tne,coll in tho form of mixed forraentations {see Sohngen, Rec. trav. 
soft spherical granules of amorphous* sulphur. • chim. 1910,20,238). In other cases the reducing 
In the presence of abundance of sulphuretted action of Jt>acteria i|i exercised directly U 2 ^>on the 
hydrogen, tho cell liecoraos crowded with these ‘ reduc^J'^compound, and reeulta either m the 
parties. The second stage consists in the ! direct removal of oxygen or the addition of 
oxidation of this sulpliur to lorm sulphuric acid, hydrogen. In the former case the oxy|gen 
which neutralises the carbonates prelent in the j probably goes to produce ^ysiologioal oXida- 
to fonn sulphates. It seems probable th%t ‘ tion in the bactenaJ oelL Thus many aerobic 
these organisms derive the whole orjhpjr carbon organismB can grow in the absence of frees 
from carbon dioxide, the energy peoeesary for oxygen, provided th^ tutntee 8M added to the 
Ite decompositioil being derived from the oxida- ' meuum, and these un theie^^vonvatted biAo 
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1901, 322 ; Ritter,'(Jentr. Rakt. Par. ii. 1907-B, 
20 , 21 ). ' 

The bacterial roductioQ of sulphates, tbio- 
Bulphatee^ and Bulphitcs to sulphuretted hydrogen 
IB probably duo to a similar action (Beyehnck, 
ibid. 1895, 1, 1). 

The direct addition of hydrogen by bacteria 
to certain colouring matters is a well-rccognisod 
phenomenon. Thus many organisms readily 
reduce methylene bluo to the le\ico.compound, 
not only when grown in its presence, but also 
when the organisims arc suspended in a solution 
of the colouring matter. The Banio effect is 
roduced by dry sterile prej)aration.s obtained 
y treating the bact(iria with act^tone, and is 
ascribed to the action of a specihe reducing 
enzyme or reducasc, which becomes inactive 
at about (i0° (Catiuarl. and Hahn, Arch. Hyg- 

1902, 4-4-, 205). Tho chcniistiy of tlie process 
haa already been discussed under the heading 
of Reducing rnztjmts. 

(b) Denitriflcatlon. One of the iiest-studieil 
instances of deoxidation by bacteria is the 
process of denitrilication, wfierehy nitrates are 
reduced to o.vides of nitrogen, free nitrogen, and 
ammonia. Tlie yiower })osi?es.s(al by many 
bacteria of reducing nitrates to nitriU's was 
observed as early as 1875 (Meusel), and has been 
investigated by many autlioj’s liiiicc that dale 
{Frankland, Ohom. Nows, 1S88, 57, SO ; "Waring- 
ton, ibiil, 1888, 57, 24(5 ; Mnasen, Arbeit. K. 
U(3flund-Amt. 1!)01, 18, 21; Onmbert, Ann. Inst. 
Paetcur. 1800, 13. 07 ; Franzen and Lohmann, 
Zeitsch. jiliysiol. (lliom. !IK)0, (13, 52). I’he 
roduction to nitrito occurs in nitiate broth, is 
accompanifM by tho evolution of carbon dio.xide, 
and, OB mentioned above, is probably duo to 
direct deoxidation, lus it is effooted by many 
bacteria wbich do not produce free hydrogen. 
The production of ammonia from nitrates is 
also apparently a common property of bactcTia, 
but the relations in this ciiao liavc not been so 
clearly eetabbsliod as in that of nitrite. The 
evolution of oxides of nitrogen from a fermenting 
liquid was observed by Dubrunfaut (18(58), in 
the case of fermenting molasses ; but the produc¬ 
tion of tho oxides was ascribed to purely chemical 
causes. Since that time, however, the produc¬ 
tion of nitrous and nitric oxides from nik'ites by 
bacteria has been frequently observed in mixed 
fermentations. With pure cultures tho pheno¬ 
menon is much less common, bud on organism 
known as B. deniirijicana (Stutzer and Burn), 
^hich is however probably identical witii B. 
pijocyaneu^ (Fliigge), has been described, which 
ordinarily reduces nitrates to nitrogen, but in 
presence of asparagine produces nitric oxide 
(Gayon and Dupetii, Ohem. Soc. Abstr. 1880, 
82,3). Another organism, B. niiroxus {Bey. and 
Mink,), is chiefly rcsponaiblo, according to 
Bcyerinck and Minkmann (Centr. Bakt. Par. 
ii. 1909, 26; 30) for the almost universal occui- 
Tenoe of nitrous oxide in the produced when 

soil is added to nitrate br^h. feo Vlgifcus is 
this pn> 06 S 8 that a stream of gas may be obtained 
oont^ii^ 80 p.e. of nitrous oxide, and capable 
cd rebghtiz^ a Rowing splint. B. 'pyocyaneus, B. 
Sivizeri (L. uid N.), and M. denUrifeuns (Bey. 
and Mink.), all produce nitrous oxide from 
Bittatee. On the <^her hand, B. Hartlebii, under 
ano^fobic coupons, produces from a mtrate 
and a tartiute or lactate such a oonsideraUe 


amount of nitric oxide that lirown fumes are 
seen when air is led into tho flask (Lebedev, 
A. J., Ber. deuteoh. hot. Gee. 1911, 29, 327). 

Finally, in many oases, the reducing aotion 
of bacteria on nitrates proceeds as far os the 
production of free nitrogen. This phenomenon, 
j since it was Hrst attributed to |^acterial action 
I by Gayon and Dupetit in 1882 (Compt. rend, 
i 1882, 95, (504), has been tho subject of numerous 
investigation‘4, on account of ita importance in 
agrictfiture, since it may (iccur both in soil and 
in manixro. It has boon conoluaivoly estab¬ 
lished that, in presence of suitable carbonaceous 
nutriment, nitrates arc readily dooemposed in 
this way hy many bacti^ria, especially in the 
j absoncG or scarcity of oxygon. Jensen has shown 
I {Genlr. Bakt. Par, ii. 1897, 3, (522 ; 1898, 4, 401) 

1 that in these cases tiio oxygon of tho nitrate is 
utilised for tho oxidation of the organic matter, 

■ and that tho presence of free oxygen greatly 
j dimimslics the extent of tho denitrification. Jt 
i scorns probable tliat tlie ‘ nitrogen ’ estimated by 

; tlie older observers was really a mixture of 
nitrogen and nitrous oxide. 

The soriouH loss of nitrogen which occurs 
m manure heaps, and may amount to as mucJi 
as 25 ]).c. of tlie total nitrogen in three months, 
or 50 p.c. in nine months, lias been inveetigated 
by many authoi^i (stc Kussell and Richaids, 
J. Agri. Sci. 1917, 8, 495, whore the Uteraturo 
is quoted). Tiio piionoincnon depends on the 
alternation of atirobic and ana<5robic conditions, 
and may possibly bo duo to bacterial oxidation 
of tho nitrogenous matter to nitrate, followed 
by denitrification. It luis not, however, been 
proved that this is the actual course of events, 
and IluHHoll and llichardH consider that the 
jiroecss may bo explaipofl b^ the supposition 
that under anaerobic conditions a change is 
offocted by bacterial action which leaves some 
of the nitrogen compounds present in such a 
condition that subsequent oxidation decomposes 
' them with evolution of nitrogen. A similar loss 
of nitrogen ocoure in the filtration of sewage. 

I Putrefaction. Decomposition of amJno-aolds* 
i Tho term ‘ putrefaction ’ is usually applied to 
; the decomposition which is sot up by bacteriii 
i in animal and vegetable remains at the ordinary 
: temperature, and which is accompanied by the 
production of malodorous compounds and 
I gases. The eliicf source of those is the protein 
! matter of the organism, so that the charaoteristio 
j feature of putrefaction is the bacterial decom- 
i position of prot-oins. The process consiste 
chemically in a hydrolysis of tne proteins into 
simpler molecules, followed or accompanied by 
the decomposition pf these, yielding, according 
to circumstances, highly oxidised substancea or 
a series of reduction products. In the presence 
of an abundant supply of oxygen, the process 
continues until thc^ final products are carbon 
dioxide, • water, ammonia, and mineral BOlts^ 
yhere^ in a limited supply or in absence of 
oxygen, a whole seriw oi compounds is formed 
' comprising bases, ocitls, volatile sulphur eom* 

1 pounds, &c. ; and this is the charact<ffi^c 
phenomeilbn known os jiutrefoction. Sixadar 
! chemical clianges are produced when pToten|p 
Me fused with caustic alkalis at 260® (GwstMff 

■ and fitard, ^mpt. rend. 1882, 94, 1367). 

i The immediate origin of the prpduoto 
putrefaction is then to he sought in tne yexioiui 
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products of hydrolysis of the proteins. These | 
consist, as is well known, chicHy of amino- | 
auids, (iiamino-ucids, such os arginine and lysine, ' 
and a number of other compounds. As of i 
special importance may bo mentioned histidine, , 
or 3-imina/.ole-a-aminopropionio acid {a-amino- 
3-giyoxaline-4 (or r))-propionic acid), trypto. 
phan or indohi-a-Aininopropionic acid, and cystine 
{C()OH'CH(NH:j)-<m,\S}2. 

'Fhe amino-a(;ids undt^rgo decomposition in 
ut ieost two dilTcrent ways. In the iirHt*pInco, 
the amino group may be removed by reduetjon 
(dcannnisation), yic.kling tlic corresponding fatty 
acid (equation a), which thou either uudcrgoc’s 
oxidation (equation b), yielding a lower acid or 
simply loses carbon dio.Mdc. (eijuation <’) : 
(rt)K-(lH(NH,.)-(’()()Hf21[ = K-('H,-(;(){)HH-NH, 
{h) 'iO- R(H)()I1 [ 


feature of which i^.. that the amino group is 
removed with formation of a keto acid, which 
then undergoes further decomposition. 

A second extremely important mode of 
decomposition of the amino-acids, diamino- 
acids, &c., during putrefaction, is the simple 
elimination of carbon dioxide, loading to the 
formation of bases (decarboxylation) : 
id) n-0H(NH,)-C()()H-R-(;H.,-NK2 + ('O2 
(r) Nir,.-(Ul,/OH./CH,.-(:H(NH2)-<'OOH 

‘Lysfue. '_.NH,lCd{2],-CH2-NH,-f-C02 
Cadaverine. 

Many bases have been isolated from putrefy¬ 
ing mixtures, and great importance is to be 
attached to their formation, inasmuch as ecverai 
of them liavc a very marked piiysiologioal action. 
'Hie observation that putrefying flesh may con¬ 
tain poisonous basic Bubstances, liable to bo con¬ 


(c) R-CH2-C(>()H--K-(!H34 (’<), 

Thus hnieine (('ll, 

yields valerii^ a<id, and it is probable tlmi ; 
formiir, acetic, jiropionic, butyric, and cajiroic ; 
acids, which are all present in the prodiu t^i of 
putrt'factioti, an^ formed in a similar way. 

or special interest arc the products obtained 
in this way from tryptojihan, a substance 
whicli was lilscovcred by jfojikins and Cole 
(J. j’bysiol. 11)02, 27, 41S), among tiie products 
of hydrolysis of jirotcins by trypsin, and whicli 
is tljo mother substance of the various indole 
derivativt« to whicli tlie cliaractrnstic odour of 
fi'ces is largely due. Tryptojilmn has beim 
found by Ellingor (Biu*. 1U()7, 40, 3020) to be 
indolc-a-aminopropionu: acid, of the formula 

and is decoinpo.sed by iiut refaction in the manner 
described abovt', yielding succcssivolv inriole- 
propionic acid CgHnN C’Hj.’dK.j’COOri, ludoic- 
acetic acid (.'gHflN'('Jhijj-(X)Oif, and indole 
A certain amount of skatolo or a- 

methylindole is also formed, 

probably by a rt'action of the tync (c) given 
above. By similar reactions jmonylalanine 
C,HB<tH 2 -(JH(NH. 2 )-(X)()H yields suceof^ively 
phenylpropionic acid, phcnylacetio acid, and 
henzoic acid, whilst tyrosine, or ji-liydroxy- 
phcnylaminopro[iionic acid 

OH*CeH4-UH2-OH(NH3)-COOH 
is converted into p-hydroxyphenylpropionic acid 
(hydroparacumaric acid, Baumann, 1879), p- 
liydroxyphenylacetic acid (Salkowski, E. and 
H., Ber. 1879, 12, 648; 1880, 13, 189, 2217), 
P'Oresoi, p-hydroxybcnzoic ajpid, and phenol. In 
an abundant sup^ify of oxygen oven those simple 
aromatic compounds are complctcl)^ oxidised ; 
thus a bacillus has been isolated which in puit‘ 
culture readily oxidises dilute solutions of phenol 
(Fowler, Ardem, and Ivockett, Proc. ijoy- 
B, 1910, 83, 149). 

buccinic acid, which is always formed ifl 


putrefaction, is probaBlv derived from aspartic 
acid (:()()H-OHaCH(Nlla)COOH by reduction 
(Salkowski). • 

^ It is not improbable that this type of decom¬ 
position of the amino-aoids may be accompanied 
ov the type of decomposition wliicB is brought 
about by yeast in presence of su&sr and has 

fihejiHv HiarnHBfwl t.hp r^ArA.ntArifltto 


fused with tlio vegi’talih; alkahnds, was made by 
Seinii (1872), who gave to thi'sc buaos of animal 
origin IIk' name jttomainos {irTWfia, a corjise), 
and tliey were tiien more thoroughly inve^^tigated 
by Bricgcr. It was at first thought that the 
jMUBonoiiH ]>rodu('ts winch rosult from the 
action of baclm ia on various culture media and 
on meat, fisli, ^c , weri' also members of this 
chirts, and tlie effect of jiathogonic bacteria on 
! the living organism was ascrihcd to the pi'oduc- 
tion of these Kume substances in the system, 
a view to whicli tiie term ‘ ptomaine-poisoning,’ 
still erroneously applied to case of meat¬ 
poisoning, &c., gives exproHsum. It has now 
however, been found lliai the characteristic 
and Bjiecific poisons produced by bacteria are 
probaoly mium more coruplo.x in tlio# structure, 
and belong more probably t o the class of proteins 
than to tiiat of the ptomaines. They arc termed 
I toxins or iiactenal toxins, and are distinguished 
as ectotoxins, which pass out of the bacterial cell 
into the surrounding luediuin (as do diphtheria 
toxin and tetanus toxin), and cndoto.xins, wliich 
are retained witliin the coll, but appear to pass 
' out of it after death (typhoid toxin, &c.). 

Tho origin of many of the simple mono- and 
di-acid bases which occur m putrefaction can. 
be traced to the corresponding amino acids, 
i among those being Ksoamylammc derived from 
leucine, phenylethylamine derived from phenyl¬ 
alanine, p-hydroxyphenylothylamine derived 
from tyrosiuc, and i6-iminazolylothylamino 
; NH—CHx 

(histamine) I ' derived 

CH -- W p 

from histidine, all of which have a very marked 
! effect in rflisinK the blood pressure, or in other 
ways, and arc oi physiological importance because 
tlioy are in all probability formed in the intestine 
and absorbed (Barger and Walpole, J. physiol. 

I 1909, 38, 343; Barger and Dale, ibid. 1910, 41, 
19, 499). Bacteria capable of decomposing histi¬ 
dine in this way have actually been isolated 
, from the inteetmo (Mcllanby and Twort, J. 
Phy8iaL,1912, 45. S.3 ; Bertlielot and Bertraud, 
Oompr i-end. 1012, 1.54. 1043, 1820). Of the 
diamino-boses isolated by Briegor may be 
i mentioned ethylonediamine NHj’ClSj'CHj'NHj, 
j putresoinc or totraniethylonodiamino 

I NH,[CH2]**NH, 

I derived from arginine, cadaverine or penta- 
I methyibnediamine derived fro^ lyEine {equa> 

I tinn , 
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In ttdditicQ to those, triniothylannac, oholino 
C’Hj(OH)'CHj'N(CH 3 )a()H, muscarine 
CH{OH)/'H,-N(CH 3 ) 30 H 
and neurino (’Hj: CH N(CH 3 )jOH, of which the 
lost two are highly poisonous, all occur, probably 
derived not from proteins, but from lecithin and 
ile allies, which yield, on hydrolysis, glycerol* 
phosphoric acid, fatty acids', arnino-ethyl 
alcohol, and choline. 

Finally, an invariable prodin-t of the action 
of bacteria on proteins is annnoum, forined 
either by reduction of amino-acids as explained 
above, or by tlnnr o.xidation. 'J’his bacterial 
production of ammonia {ammonification) is a pro¬ 
cess of fiiydamental imj)ortane<“ in tlie soil, since, 
as already doacribed, ammonia serves as the raw 
material fur the jiroduction of nitrate. A<'cording 
to Maroha] (Chmn. iSoe. Abstr. 18(14, ii. 248), a 
largo number C)f bacteria arc concerned in the 
procioss, the most active among thenn being 
B. mycoidru. 

Jn the decom()(».siiion of lnstidme, which 
contains nitrogen both in tiie irninHx.ole nucleus 
and in tlio side chain, ammonia is produced 
from bolli. sources by the aerobic ai'ticm of 
many bacteria {B. iHimli/iilinsnn, ,\ and //. 
B,Jmahf< almlif/cncs, Ii. udieifas B. 

mlgarin {jyrolfun) only attacks the side chain 
(Kaistrick, Ibocheni. J. 1010, 4, 44tl). Manv 
bact<>ria of the coli-lypliosus group yb'hi with 
IjifiUdino CaHaNa-Cll 2 -('M(NH 2 )-(: 0 ()H, tho 
unsalurated urocariic acid 

formed possibly by direct olirnination of NHa 
and H froill tlic Hide cliain (HaislricU, Bioebem. 
J. 1U17,11, 71). 

The gases evolved eon.sisl of carbon dioxidi', 
hydrogen, and Homotiines mctbnrii', nitrogen, 
and sulphuretted hydrogen. Some of tlio suliihur 
of tho proteins is eonverted into inethylincr- 
cantan (Nencki), and traecs of many other 
sulphur compounds are formed, those being the 
main cause of tlio eharaeteristic smell. 'The 
phosphorus is chiefly converted into pho.sphate, 
the evolution of phosphine alleged by some 
observers being doubtful. 

Tho organisms which bring about these 
characteristic changes arc very numfnous. 
Usually many different organisms are present, 
and there seems little doubt that in some cases 
the various stages of decompoaition are effected 
W different species of bacteria. Reference has 
•ready been made to the effect of the presence 
or absence of air, but this affects nob only the 
chemical changes produced, but also the nature 
of tho bacterial flora. In a free supply of air 
the organisms are mainly aerobic, wnercas in a 
limited supply anaerobic organisms are chi(?fiy 
present. Frequently the surface of tho putrefy¬ 
ing mass is occupied by aerobic organisms, and 
these use up the oxygen, and provide suitable 
conditions for the developinent of anaerobes at 
a lower stratum. It appears also f!Wl the 
primary proteins are directly attacked and 
digested by one group of organisms, those which ; 
produce an octo-proteoclaatic enzyme, whilst a 
second group poBBcssing insolubib endo-protoo- ! 
Clastic enzymes, is only able to decompose the j 
simpler products formed by this hydrolysis. | 
Of the octuat oivonisms which are usually < 
ptuent there may be mentioned B. vnk/arte • 


j (L. and N.) (formerly known as proleu4)» B, 
i flvoreecena liquefaciens, B. meaentericuif (L. and 
j N.), all of which attack and digest albumins. 

1 B. Aporogencs (Metchnikoff) and B. histotyticvn 
! (Weinberg and 86guin), which have been found 
! in infected wounas, both attack proteins with 
j tho production of large amounts of amino-aoids, 
! whilst the latter forms both gas and volatile 
acids from meat (Wolf and Harris, .1. Path. 
Bact. 1007,21,38fl ; 11)18,22,1). Theorganism 
formfllrly known as B. pntripeux (Hienstock) and 
regarded as one of the most characteristic putre¬ 
factive organisms is probably a mixture of the 
fwoBporing ancroiics, B, •iporogtnatf (Mctch.jand 
B. (Douglas, Fleming and Colebook). 

Belonging to the second group, which only decom¬ 
pose sinqiler jiroteins, arc B. coli ewawunts and 
its all)(.«, tlic eharaeteristic bacilli of the large 
intestine, many of which jiroduce indole and 
mdole-acotic acid, B. ’pro'Hgioeun (Fiugge), 
Slrr27i(x-(fCCH.!i pycHjo.nc^ (RosenbRcli), &o. In any 
larlicular case the flora is largely conditioned 
)y the exact natviiv of the. ]>utrefying material, 
so that meat, lisli, milk, eggs, &c., all have their 
eharaeteristic organisms and modes of decompo¬ 
sition. 

Fickmionta-Tionh i'Koi)m.'Ku uv Moulds, 

A number of inouldM, ospcciaily belonging 
to the families jUpcrgillaccoi and Af-wcomcew, 
are- distinguished by jiroducing dofliiite ciiemical 
ehungi'M of u fermontutive chaiacter, some of 
them by tho secretion of soluble enzymes, and 
others by means of endoenzymee. 

AlcoQoUc fermentation. 'Tho power of pro* 
dueing alcoholic fermentation is common to a 
largo number of tho Mucoractm, but is only 
possessed to any considerable extent by a single 
spceics of tho AfipcrgillaccoB. Allatcheria Qayoni 
(Saccarclo and Sydow « Burotiopais Paycwi, 
i'ost.) appi'ars to bo capable of producing a 
tyjilcaL alcoholic fermentation of glucose, 
lievuloso, maltose, and lactose, producing as 
unich as 8 p.c. of alcohol in tho medium, and 
fonning glycerol and succinic acid in a similar 
: manner to yeast. 

1 TliO alcoholic fermentation produced by 
, many species of Mucor has long been a subject 
lofinteresb. When the mycelium of M.racemoaua 
\ (Fres.), for example, is submerged in a nutrient 
! medium containing sugar, alcoholic fermentation 
, occurs, and at the same time tho mycelium 
I breaks up into spherical colls, which continue 
■ to grow by budding, and have hence been termed 
' spherical yeast. The opinion has been held at 
various times that those cells wore true yeoets, 

! and moreover that t^ll yeast had a similar origin. 

' Tho first statement has now been definitely 
: disproved, and no satisfactory evidence exJate 
: in favour of the second. It was further thought 
I that when growing the normal manner on 
I the surface of the liquid, the mneor had only 
^ the power of oxidising the glucose, but that when 
submerged and thus deprived of a free supply 
of air, it became able to ferment it (Pastoork 
It has, however, been established by tho work 
of Wehme# (Centr. Bakt, Par. ii. 1906, 14, 6 Wi 
15, 8) and Kostytschev {ibi'I. 19(H, 13, ^04 
that the mould produces just aa mutdi idcohol 
in presence a free supply of air as when 
submerged, and that the commencepient of 
alcoholic fermentation and the prodtietion of 
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Bphohual yeayi cellu arc not cauHaily conneoted. 
A very largo number of Hpocitsj of M.ucor and 
Rhizopu.i have bt^cn carefully oxamfaed as to 
their power of producing aJcohol and fermenting 
tho polysaecharidcM (wvj Wehmor, article in 
Lafar, '/oehniHch© Mykulogic, iv. 517). 

Production of diastase. Some species of 
tlieao two families produce such large amounts 
of diosiaiic enzyme that they have been ern- 
ployed both iiKiuHtrially and domestically for 
the saccharitication of starch, and a (;onsitftrablo 
number, if not all of them, produce a certain 
amount of this enzyme. 

Mmor nyaxit. (<’alm.), Wehmer {Aviiilornyvi'.^ 
rotixAi), was isolatcid by <'ulmel te frotii ('liinc^sc 
yeast, aUd is employed in jmi-o* culture for ' 
.converting the starch in a sterilised distillery ' 
wash into sugar, which is tiicn fermented hy a 
pure culture of yeast and disliUed. (*S'r»' (diap- 
man, (’antor liccturcs. 

A8})t'r(jilla^ cryza' (Alillmig), (J()liii, has long | 
boon emjdoyed in .lapnu foi’ t lu* iiiepamtioii of i 
sak6 from rice, and of tlic soya sauce from Iho i 
soya bean. The diastase of tins organism, known i 
as takttdiastase, acts (jii starch much more j 
onerguLieulIy timn nmlL diastase. j 

The oxalic acid fermentation. A very i 
rumarkahle mstanee of oxidutivi' leriiioniation 
is afforded by Af<p('ryillu» niycT (van 'I’ieglioiri) 
(SierigmaioriinliN ivKjra), which eonvm'tis glucose 
into oxalic acid. When tins mould is grown on 
a nutrient solution containing glucose at 15“-20'', 
free oxalic acid is produis’d, the acidity increaanft 
up to a inuxiinum, ami then gradually diiniiiislies 
and ffnally disapjleal’s, if, however, euloiuni 
oarbonato or an iilUaline jihosphatc be added, 
the oxalic ai'id aeeumulaies, oitlu^r as InHoluble 
calcium oxalate or as an lU’id oxalate. In this 
way, for examfile, 15 grams glucose yielded 
I'OG grams of oxalic iwid in the form of calcium 
uxalato, whofcoH in the absence of chalk the 
maximum amount was U’2U8 gram. The 
complete conversion of all the carbon of the 
glucose into oxalic acid would yield about 
2‘25 grams, so that the yield is ajiproximately 
50 p.c., tile remainder of the glucose being 
pre.sumably used for the? noeds of tlu; organism 
(Wehmer, Ber. Hot. 1891. 9, 223. 103; Bot. 
Zoit. 1891, 49, 233; Annalen, 1892. 209, 383). 
As regards the muehanisin of this action, 
Raistrick and Clark (Bioehom. J. 1919, 14, 329) 
have found that oxalic acid is freely produced 
by this organism from succinic, fnuianc, malic, 
and tartaric acids, and from acetic acid, but 
not from monobasic acida containing four atoms 
of carbon, from thrcc-earbon acids or from 
giyoollio, glyoxylic, or formic acids. They con¬ 
clude that the oxalic acid is in part produced 
by oxidation of acetic acid formed from the 
sugar with intermediate production first of 
jff.S-dikotoadipio acid , 

CX)OH C(OH): CE C(OH): CH CWOJl 
which then yields acetic acid and oxalocetlc 
aoi^ COQH'CH:C(Ufl)’COOH, the latter of 
which undeigoes hydrolysis to oxalic and acetic 
aolds. Many species of PeniciUiim produce small 
amounts of oxalic acid, and one oi thimi, P. 
fcw/tcum (Thom), which occui-s on mouldy com, 
gives yields almost oi^ual to th^ obtained 
from A. niffer^ producing the acidi roadily from 
both glucose and starch (Currie and Thom, J. 
Biol. Chom. 1915, 22, 267). 


The citric acid fermentation. Whereas Aaper^ 
giUua niger produces oxalic acid from glucose, 
other members of the AapergiUacew, Citromycas 
Pfefferianiia and (/. Gla^>er, described by Wehmer; 
and C. ciiricus, C. tnrturicus, and C. oxaiicuft, 

: described by Maze and I’errier (Cornpt. rend. 
1904, 139, 311; Ann. Inst. 1‘astour, 1904, 18, 
553). convert this sugar into citric acid. Accord¬ 
ing to (!urrio, however (•». Jiiol. (3)om. 1917, 31, 
15), citric acid is also foiinod by A. nigrr, and 
is in this case to be regarded a« an intermediato 
stage in the formation of oxalie acid, which is 
readily jiroduc-ed by tins organism from citric 
acid. Wehmer states that us in tho case of 
oxalie acid, the citric at:i(l is further oxidised 
if it be allowed to renmiii in the free state in 
Mie ]»rcsenee of the organisms, but. accumulates 
wlieii it is (;onvert.i-d into a salt hy tiic addition 
of calcium carbonate, ('urrie, however, using 
. 1 . niycr, ha.s found that the best yit'ld of citric 
acid is obtained by growing the mould in an 
acid Hoi 11 tion (1 - - 3‘4 -3 ‘5) containing ammonium 
nitrate* as the houi'cci of nitrogen. Under these 
circumKtanccs the jiroduetion of citric acid may 
amount to (ili p.c. of tlic saccharose employed, 
the acidity of the solution increawing until a 
l‘ji of 1'4I) is reached, In presence of calcium 
eaibonate about half the sugar can bo con¬ 
verted iiitf) citric acid; lluis, Buchner and 
Wustenfeld (Biochem. Zeitseli. 1909, 17, 396), 
working witli 6'.ci7nc»«. found that tho maximum 
amount of citric acid produced uiiiountod to 
50 p.c. of tlie sugar. A largo amount of carbon 
t dioxide was simultaneously evolved, correspond- 
I ing in various expenmente to the oxidation of 
i ly-?? i>.e. of tho sugar, the citric acid in tho 
I sHiue experiments iiiiiouiiting to 33"38 p.c. of 
i tlio sugar, and the now growth of mould to 
! 5-31 p.e. of tho sugar. Tho characteristic 
i formation of citric acid could not b(5 obtained 
i with press juice nor with acetone preparations 
I of the mycelium. Citric acid ia also formed from 
I glycerol and from alcohol, as well as in small 
! quantities in from the mycelium of the 

I mould alone (.Mazo and i’errier). 
i Maze apd Perrier regard the citric acid as a 
1 product of catabolism of the cell substance, 
induced by lack of nitrogen, and not as a true 
product of tho oxidation of sugar; whereas 
Buchner and Wiistenfcld ascribe its formation 
to a process analogous to the production of 
pa r.as occharic *ac j d 

CHa(OHrCH(OH)-C(OHKCO«H)'CHaCHj(OH) , 

! from lactose by milk of lime (Kilioni). 

In their action on sugar and allied compounds 
llu) moulds differ very decidedly from the 
bacteria. Tho production of lactic, acetic, 
butyric, and formic acids, and the evolution of 
hydrogen and carbon dioxide, which are charac¬ 
teristic of so many bactorial actions, are not 
observed among tliQ moulds. On the other 
; hand^j^Q latter aie often capable of producing 
! alcohom'. fermentation, are richly endowed with 
: the various hydrolytic enzynies, and, in some 
cases, produce com|>ouuds, which, like malie, 
oxalic, and citric acids, are characteristic of the 
higher plants. 

Many other interestins chemical changes 
brought about by moulds have been observed, 
among which may be Stationed the prodtwrtilOT ^ 
of fmnaric acid uom ^tioose and intatomi % 
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JUiizopus niffricana (Ehrlich, Ber. 1911, 44, | 
3737), and the conversion of ciunamio acid into ! 
styrene by A. niger (Herzog and Kipke, Zeitsoh. i 
ph}fBiol. dhem. 1908, 57, 43). 

DeeomposiUon of amlno-aoids. The amino* 
acids are very readily oxidised by many moulds, 
both by living cultures and by the lulled colls ■ 
after treatment with acetone. In some cases 
■ the action is selective, only the naturally- i 
occurring modification l>cing attacked (Herzog i 
and Meier, Zeitsch. pliysiol. Chem. 1908, 57, 35 ; ’ 
Prinmhoim, ibid. 1010, 55, 95). , 

Ehrlich has, however, observed (Ber. 1011, 44, i 
888) that inpiesouce of sugar many fungi convert 
the amino-acids intotiio eoiTcsponding hydroxy- 
acids R-OH(NH,)-CO()H K*CH(UHj-c:uOiH 
and many amines into the corresponding alcohols 
(Ehrlich and Pistsclinnuka, Ber. 1012, 45, 1005). , 
He lias in this way, by tiio use of Oidmm hictia 
(which can readily be isolated from sour milk or 
oheese), been able, to jiropave tlic optically 
active hydroxy-acids corrvspuailing witli tyro¬ 
sine, plienylalanine, and tryjitophan, which had 
not previously bcmi obtained, Sonu! fungi 
(c.p. MohUhi Candida) not only form the hydroxy- : 
acid, imt also act in a similiir matm<‘r to yeast 
and convert a jiortion of tin* amino-aeid into ; 
an alcohol by elimination of ammonia and 
carbon dioxide. 

Urea, uric acid, and hiopunc acid aro hydro- ’ 
lysed by many moulds, the active agent ix'ing i 
an enzyme present in the filtrates from cultures ; 
of tlie organisms (Kossowiez, Zcitscii. (larungs- 
physiol. 1912, 1, 50, 121, 137 ; 2, 51). 

Authorilieft .—A very copious literature now 
exists on the subjects of fermentation, enzyme 
actiou, and chemical action of bacteria. The 
chief works consulted in the preparation of tiu'. 
loregoing article, in addition to tlio original 
papers, are : , 

Lafar, TcchiusoheMykologi(i(lj!uiitav Kisclicr, \ 
Jena), 4 vols., vol. v. in progress. ' 

Opponheimer. Die Ponnonte und Ihro ! 
Wirkungen, 3 vols. (fjeijrrig, P. W. Vogel,} 
HK)9-H)). I 

Opjieuheinier, Haudbuch der Biochemic des ! 
Monsenen und der Tiore (Jena, tiustivv Pisclier). j 

Buchner, H. and E., and Hahn. Die Zymase I 
giruM (Oldenbourg, Berlin, 11K)3). ] 

(Monographs on Biochemistry, Longmans, 
Green, & Co., London.) 

Armstrong, TIio Simple Carbohydrates and 
Glucosides. 

• Baiger, The Simpler Natural Bases. 

Bayliss, The Nature of Enzyme Action. 

Harden, Alcoholio Fermentation. 

Russell, Boil Conditions and Plant Growth. 

A. H. 

FERKANDINITE. A hydrous calcium vana¬ 
dyl vanadate OaO’VjOj SVjOB.liHjO, forming 
compact masses of a duU-greon colour or 
minutely crystallised in rectangular plates. It 
diasolvee readily in acids to«u green gol^on, 
and flufiioiently m cold water to give ayellow 
solution. It occurs as an alteration product 
of patro nite at Minasriffiiu in Peru. L. J. S. 
FEROMIA GUM v. Gttus. 

FEBONtfCLlN. Trade name for dry yeast 
ext ract. 

WaSBRKTBB v. Ibon. 

FmilAIOGrai or nfiRIHOL. Syn. for 
iew imoiaiiute. 


FERRIC ACETATE v. Acbtio aOid. 

FERRIC SALTS v. Ibon. 

FERRICHTHOL. Trade name for an ioh> 
thyol prepuation of iron. 

FERRITE. This term has unfortunately 
several different meanings. To the chemist it 
implies a salt in which ferric oxide plays the 
part of an acid, for example, barium ferrite 
BaPe 204 . In a mincraiogical sense it was first 
a})plie^ by H. Vogelsang, in 1872, to an amor¬ 
phous iron hydroxide, of unknown composition, 
which, as rod and yellow particles, is present in 
many partially decomjiosed igneous rocks. In 
this soiiHC the t<5rm is much used by certain 
fietrologists for tlio patches of indefinite ferru¬ 
ginous alteiUtion products seen under the 
niir roscopo in thin sections of rocks. The same • 
name has also been applied bo ferruginous 
psoudomorplis after olivine occurring in the 
doleritie rocks of the neighbourhood of Glae- 
guw (M. P. Heddlc, Min. Mag. 18H2, 1887). 

It hius also been mueli used, by metallo¬ 
graphers, following 11. M. Howe (Tlie Metallurgy 
of Steel, 1899), for pure metallic iron, whiem, 
togotlier with iron carbide, (fee., forms one of 
ilie mioroHcopio coustitucnts of iron and steel. 
]>ater, tho same naiuo wfus applied by V. 1, 
Vernadsky, in his Hussian 'rrt^atiso on Mineralogy 
(Potrograd, 1908), to native iron, for exampln, tho 
tcirostriai iron from Uifak on Disoo Island, 
Greenland. L. J, 8. 

FERRITE (u. aiipra) tho name given to the 
carbun-free constituent of stcols. Usually it is 
nearly pure iron, but in special steols it may be 
ail alloy of iron with silicon, chromium, tangeten, 
(fee. Ferrite exists in tlireo forms: a'iron, 
stable up to 750“; /3-iron, slablo between 760* 
and 900® ; and y-iron, stable above 900®. Of 
those, Y-iroii is the hardest (Howe, MotoUo- 
graphist, 1808, i. 259). The freezing-point of 
ferrite is ISOS" (Carpenter, J. Iron and Steel 
Institute, 1908, iii. 290 ; Saklatwalla, ibid, ii. 92). 

Under tho mioroscopo ferrite is characterised 
by its softness, and tho cubic structure revealed 
by deep etching with acids or cupric ammonium 
chloride (Anefrews, Engineering, 1895, 88 { 
Stead, J. Iron and Steel Institute, 1898, i. 146). 

FERRITUNGSTITE r. Tunostitb. 

FERROCHROME, FERROMANGANESE, 
FERROSILICON, FERROTITANIUM, FERRO- 
TUNGSTEN, FERROVANADIUM v. Ibon. 

FERROCYANIDES r. Cyanides. 

FERROPYRINE {Ferripyrinc). Trade name 
for antipyrino ferric chloride. Obtained by the 
interaction of antipyrine and ferric chWide in 
ac|Ucous solution. Used as an beomostatic and 
astrliment. • 

FE RR OTYPE v. I^hotoouaphy. 

FERROUS ACETATE i’. Acbtio acid. 

FERTILISERS or MANURES. Either of 
those terms might })ioperly bo applied to any 
material Added to the soil for the purpose of 
increasing its fertility, and, in this sense, would 
be extended tcj include litue, chalk, marl, wd 
even clay and sand. Tn common practice, 
however, the term ‘ manure ’ or ‘ fertuiser * is 
restricted to materials the main funotioii of 
which is to convey directly to the soil aome COB'^ 
stituent or constituents of plant food, to the 
exclusion of those of which the fertilisii^ aotlop 
is mainly indirect, consisting in the uaprovement 
of the physiol conditioii of the soil or ^ 
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dovelopincnt of its inherent or natural chemical 
resources. The cliicf constituents of plant food 
which arc naturally taken up from the soil arc 
nitrogen, j)li<ia 2 »li()ruH, sulphur, potassium, cal¬ 
cium, magnesium, and iron, together with the 
losH imj)ortant eonstitnenta silicon, chlorine, 
and sodium. A manure or fertiliser, in the 
sense in which the t<?rm is ordinarily used, 
will always contain om^ or more of these sub- 
HtanccH. 

Aj)art from calcium—the supply of ^\^iieh ia 
nucessary in Sjiecial eases only- -nitrogen, 
phosphorus, and potassium an? by far tin? most 
important constituents to be njiphed as manure, 
as they are those, m which the soil is mo.st 
generally delii-ieiit . ♦ 

In an ollieient fertiliser the constituents 
must be in a condition suitable for immediate 
assimilation by the jilaiit, or must bo ca])ablc of 
Hjicedily acquiring tins eomlition after iniMiig 
with tlio soil. Manures tir fertihseis a]'(? some¬ 
times elassitied as ‘ natural ’ and ‘ arl-itieial,’ but 
the dividing line is nut always easily drawn, lu 
the present artieh* we shall lirietly eonsidc'r the 

{ irincijial suhstanees ein])loyed as manures or 
ertiliscrs, jjassing on to some observations us 
to the general relative utility of some of them, 
and shall then reftu' to tjio special metliods 
omjiloyod for tlieir unalysLs. 

Farmyard manure. Farmyard manure and 
stable manuni are eomjaised ol litter mixed with 
the oxerota of aiiiinals, The JitioT in farmyards 
is usually straw, but this has been to a large 
and increasing extrimt suiierseded in stables by 
dried and shroddeil p<‘at< muss. Jn sumo parts 
of tho country bracken is used for litter, and in 
hop districts iioji-bine. is tiuis worked up into 
manure. The eomijosition of tho manure 
depends initially t.o some extent on the nature 
of tho litter, but to a greater extent on tho 
length of lime the littiu' has boon in use, the 
number and kind of animals littered on it, and 
the quantity and quality of the food conHumed 
by them. Its hnal value—that is to say, its 
value at the tiiuo of its a]>plieation to the land 
—is also largely governed by th(‘ mode of 
‘ making,’ and the mode and duration of 
storage. Jts valuable clTcid on tho soil may he 
said to be twofold. Jn virtue of the large 
quantity of bulky organic or carbonaceous 
matter that it contains, it improves tlie 
physical condition of the soil, making ‘ heavy* 
soils more ‘open,’ and ‘light’ soils more 
retentive. At the same time, it returns to the 
land th^ mineral matter and mucli of the 
nitrogen previously removed from it in the 
form of straw, as well as much of tlie nitrogen 
and most of the pliosphorie acid and potash 
derived from home-grown fodder consumed 
during its production, reinforced by similar 
matter derived from the siriultancous consump¬ 
tion of additional purchased food. • 

The proportion of tho nitrogen and manurially 
available ‘ mineral ’ mattere absorbed and 
reta,inp(l by animals from their food depends 
upon their age, condition, and otimr eircum- 
Btancos. Thus, a young growing steer, or a 
tow in milk, will assimilate more nitrogen and 
phoephatee, and comoquently void less in the 
lorm of fa'tces and urine, than wiA a fattening 
ox, whiali lias already built up ite frame and 
priacipai nitrogenous iisBues, and is inereasiog 


; its weight mainly by the jiroduction of fat. 
j Thus the quantity of nitrogen voided in faeces 
and urine might vary from more than 05 p.c. 
( of tho nitrogen consumed in the food to w little 
• as 76 p.c. The jiroportion of phosphoric acid 
j and potash voided will be greater. Obviously, 

■ in the case of horses, which only spend a portion 
of their time in tlie stable, only a fraction of the 
' excreta will be miniilcd with the litter; and so 
also in the easi? of eaLtle which arc turned out 
for a part of tlieir time. It is manifestly only 
the stall-fed or yard-fed animal which contri¬ 
butes the wliole of tho nitrogen, phos})hatcs, and 
potnali which it voids to tiu? act ual manure heap, 
Lhihirtiiriately for the farmer, the fertilising 
matter thus initially contributed to the manure 
is by no means all ultimately available for 
utilisation, (’ontiiiual losses occur. These are 
at their highest in an op(;n farmyard exposed 
to tJn? weat her, wIktc more or less loss of the 
valuable soliiiilc constituents of tlie manun? is 
always going on by rnei'o drainage?, and where 
th(?ro IS t li(‘ gri'atA'st facility for the ovapoiution 
of ammonia. Thi'y arc at their lowest wlicre the 
animals are fed in etosc laixes, in which tho litt(?r 
is trod(l(*n down coinjiai'tiy in waterl-iglit jiits ; 
but even hero ihcic is ennstaiit loss by reason of 
fermentative action, not only through evapora¬ 
tion of ammonia, hut also by the reduction of 
ammonia and otiier (*a«ily decomposable nitro¬ 
genous compounds into free nitrogi'ii. 'J'lio 
losses that thus occur have bf?cn studied by 
numerous invest igatoi’s, including Laww and 
' (lilbort, A. Voolekor. J. A. Voclckup, Hall, 
Mae.rcker, and Schn(?idewin(l, Holdoflews, Miinty. 
i and (Jirard, Wood, Russell, and numerous 
! others. The gmioral result has boon to show 
that, even under tho liost conditions of ordinary 
' production, tho loss of nitrogen may be expected 
to amount to about 15 p.c. by the time the 
manure is taken out of the boxes, wliilo in 
shalhiw stalls or yards it may ainount,to 30 or 
40 ji.c. Further loss of nitrogen takes place 
after the manure is heaped or stacked for 
i ‘ rijioning,’ or for jiro.scrvation until it is con- 
' veniont to transfer it to tho land. It is probable 
i that, oven with fairly good management, the 
ultimate loss of nitrogen may amount on tho 
, average to 50 p.c. of the initial quantity. Under 
bad management, especially with open yards and 
, frt?e drainage, it is probably often muon greater, 
j Various plans have been adopted or suggested 
j for chocking the loss, such as tho use of gypsum 
j or superphoBiihato sprinkled in the manure 
I during its accumulation, to absorb ammonia; 
or of kainit, which chocks fermentation. In any 
cose the manure should bo heaped as compactly 
as |>os8ible, with layers of earth in it, and tho 
! heap should be covered with earth. Tt has boon 
demonstrated that tho greatest percentage lose 
I of nitrogen unfortunately occurs in tho manure 
1 that is initially richest, namely, that produced 
I by anm/ils liberaliy fed on highly nitrogenous 
f<jod.*^ 

1 It is obviously difficult to give an average 
j composition for so variable a substance as 
farmyard manure, but broadly it may be said 
to consist of: 

Water.about 75 p.o. 

Organic and volatile matter . „ 22 ,> 

Mineral matter (exclusive of earth) „ 2^-^ „ 
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But, afl the water may vary from perhaps as 
little as 65 p.c. to over 80 p.c., the quantity of 
organic matter is liable to considerable inverse 
variation. The proportion of nitrogen is 
usually from about 0'45 to 0'G5 p.c., that of 
potash from about 0'4 to 0*8 p.c., and that 
of phosphoric acid from about 0-2 to about 
0*4 p.c. 

Hall gives the following tables illustrating 
the general composition of farmyard manure, 
and also showing the influence of feeding on the 
nitrogen contents of the )iianuro :— 
Composition of Farmyakt) Manure from 
Various Sources {Hall). 


' s I x ct; 
■ ip ] cjz-z 


CoMPO.smoN OF London Stable Manure 
(I)VER—TABULATED BY HaLL). 


^2 


tVatOT<». 
OrKiiiilc. matter' 
-Nitropen, sol. I 
,, insol. I 
PboNphoi'icHcldl 
J’otash. . I 


From mixed peat mesa 
and straw 


After »turaffe 

1 I a i 3 


•O'] 02-0 


77'KO 70-0.. 

18 00,24':5 ;i9’0 20-4 
' uT.jI 0T)2; 0-08 (VOS 
(V37i 0](l| (V40 
0-37' 0'-18 0-33 
1-02 0T)()| o-4r> 


FreBliloTiK atrau manim* 
No. 1 after rnttiiip 
Very old and Hlioi t, Irom 
a nuwhroom be<i 
Fresh i < 

Rotten [Freiic-li (lata .{ 
Very old' ' 

Hotlmn)st**d averjipe 
Fresh Il(i\dd manure 
Old dltle . 


l».c. 
Od J7 
7r)'4 

,'.314 

7.V0 

7r.'o 
711 0 
Tiro 
»«-(l2 
!)yi3 


r.3-8 
|l7-6 ' 
O'OO 
C)-62l 0-.')8 
0*451 0*40 
0T>8i 0*58 


“ 22*0 

0*08; 

008 

0-6« 

0*05' 


:23*0 

0*10 

0*70 

0*00 

0*80 


p (■ ! V c. 
(>•318 0*073 
0*454 k)*40J 


p.c 
0 54-1 
0-.507 

0*80 
0*30 
0*50 
0T)8 
0*04 
0*044 
0*020 j 0*014 |0‘22 


0*03 

0*18 

0*26 

0*30 

0*2.'} 


0*07 

0*45 

0-.53 

0*50 

i0*32 


Herckntaue Compositki.n UE FaHMVAUI) 
Manure (Ham.). 


3 ! >> 

S ! £ 


1 


s’fl ! aS 5 ! 
2 5 ' O c« .S b I 
ii ::§2 , 


■ = a I 


Roots and : i I ] Made Into 

hay only 1004 23*6 ,0*.577 <)'040 0*007 0*404: > mJxcn «t 
Cake-fed 1904124 03 0'7160*07H 0*006 0*541M Btored 
Roots and! i* i ; j 

hay only 11905120*5 0*402:0*040,0*047 0*375 !) 

Cako-fed jl905|31*3 0*698|0*1820'0.550*40lj} 

Roots nnd j j ' ' I 

hav only 1906122'0 0*40fl;n*220 0'033 0*41111 
UaJte-fed 1906,24*3 0'690|0*097,0*040 0*544' j 
Roots and I I i ' i 

hay only 1907l25*,3 0*589’0*i25 0*053 0*41].l 1 Not 
Cake-fed !l907|25*5 0*815'0*377 0'033 0*405; f stored 

Straw manure wiU contain more potash than 
peat moas manure, but the latter contains more 
nitrogen. Stable manure is ‘ hotter ’—that is 
to Bay, ferments more rapidly—than farmyard 
manure proper. Very large quantities are 
purchasedfrom town stables by market gardeners 
and other farmers within easy carriage of cities. 
This largely consists of litter that a farmer 
would regard as only half used, owing to the 
necessity for the prompt clearing of town 
stables; and it is necessarily poor in soluble 
nitrogen compared with farmyard manure. 
Analyses by Dyer (tabulated by Hall) (see next 
column) illustrate the composition of specimens 
of such manure, made both with straw and with 
peat moss, fresh and after some month^^^orage 
in heap on the farm of the purchaser. 

In addition to its * mineral ’ constituents 
(phosphates, potash salts, &c.), well-made 
tarmyard manure contains enough available 
nitrogen in the form of ammonia compounds 
and easily nitrifiable organic matters to enable 
it to begin to act as plant food immediately; 
while it has at the same time a reserve of 


I insoluble jnatl(!r, ])artially decomposed organic 
' matter winch yields up nitrogen move slowly and 
i gradually, tht? elTcct of much of which is realised 
! only in sub.scq\ient seasons. 

' The duration of the aetion of farmyard 
' manure largely depends uiion the nature of the 
; soil. In some ‘ o))cn,’ ' liot,’ gravelly soils, 
farmyard manure is used uj) with remarkable 
rapidity, On other soils, jts action may bo 
spread over a considerable number of years; 
but in fliK'li cases its fertilising elToct, especially 
on arable land, diminishes to an increasing 
, extent each year, until, under the eireumstancos 
of ordinary farming, it becomes imperceptible. 
'Phoro are, however, ekperimental plots at 
Kothamsted, where, under circumstances pccu> 
liarly favourable to its operation, the cffoctfl of 
j oarlv dressings of farmyard manure are still 
j evident after the lapse of 40 or 50 yearn. 

I The valuation of the unexhausted cfToet of 
farmyard manure in relation to the feeding 
stuffs oonHumod in producing it, is an im¬ 
portant matter in the application of the Agri¬ 
cultural Holdings Act. This subject is fwly 
discussed by Hall and Voelcker in a paper 
, ‘ On the Valuation of the Unexhausted Manure 
obtained by the Clonsumption of Foods by 
Stock.’ in the Journal of the Royal Agricultural 
Socioty of England, 1913, vol. 74 (also 
republished as a separate pamphlet by John 
! Murray, of Albemarle Street, London, W.). 
j In this paper the original valuation tables of 
I Lawes and Gilbert wore revised in the light of 
j lat-er investigation, and, with occasional revision 
j to fit market prices, have been adopted by the 
1 Central Association of Tenant Right Valuers, 
j The general chemistry of farmyard manure 
j has been well treated by Hall in his^work on 
; Fertilisers and Manures (Murray), and more fully 
; recently by Russell and Richards (Journal Agrio. 
Science, vol. viii. p.*495, 1917). 

Peruvian guano. Guano was originally 
introduced into England from Peru in 1839, and 
I for many yearn it occupied the first place among 
i concentrated fortilistrs. The original rich de- 
t posite hate been ior a long time exhausted, but 
I considerable importations of Peruvian guano 
j are stiU made, chiefly from recent deposits. 

! Guano is formed from the excrement and 
I carcases o4 sea-fowl. The fresh excrements are 
I highly nitrogenous, and consist chiedy of uric 
i acid and calcium phosphate. If the climate n 
1 hot and dry^ tKb excrements are quickly deaic- 
1 cated and the nitrogenous matter protected. 

I These conditions exist on the rainkas^oast of 
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Peru. In a moist climate the nitrogenous matter 
is quickly converted into ammonia and diflai* 
pated by evaporation or (Jrainago, a phoaphatic 
guano ])raclically dostitut(i of nitrogen remain¬ 
ing. 'I’he niaiii H\ij)j)ly Peruvian guano for 
30 years was from the (Ihinelia lalands, which 
yielded, in all, frorji what- we may call the original 
deposits, about I0,00(),(KKI tons, Tliis guano 
was a dry. exi j^llent feti-iliscr, containing from 
13 to J4 p.e. of nit.rogen, and from 13 to 14 ]>.(■. 
of phospnorie acid. On its exhaustion.taboui 
the year IHOH, guano was Hhip])e(l from tlie 
Guanape and .Mairabi islands. Tnis was a dani)) 
guano containing from 5) to 11 ]).c. ot nitrogen, 
and about 12-14 ]>.(^. of ])lH)Hjilioi'ie acid. This 
wju» Rticcceded by nn])ortat.ionM, HtilJ. from old dc- 
posits, from tlu) Jlalh'JsUxs Islands ami tlie islands 
of Jjobos d(i Afue.ra. and depewit s on t he mainland 
at Pabellon do Pica. Punta de Tvobos, and Uua- 
nilloH. Many of t.lieso deposits weie of low 
nitrogenous eonPuit., but v(tv rich in jiliosjihates, 
while Home pofiHess(!d very niiieli the eharaeter 
of tlie original (Ilnnehii guano. Jn more recent 
years Hliipnumts liavo boon coming in from new 
depoHita formed on the original islands, which 
have again bctioinc ‘ guaniferous,’ tho birds 
lieing now spocially iiruservod witii a view to 
tliG constant renewal of the dejmsits and tlio 
consequent maintonanfio of the out.juit, 'I’litwe 
deposits of fresli gimno aro liighly nitrogenous, 
and would bo muoli rielior in jiorccntago com¬ 
position but for 1h<* Taet. that a good deal of 
sand is sometimes unavoidably mixed with 
them. 

Tho nilTOgon in I’cruvian guano is partly in 
tho form of ammonia snUs and partly in organic 



Uul- 

Lohos 

Can- 


Iftsias 

d’Afucra 

tores* 

Moisture 

18-00 

18-30 

28-74 

Organic matter and am¬ 




monium salts . 

40-36 

36-32 

35-66 

•Phosphoric acid . 

9-74 

10-62 

13-26 

Bime 

0-21 

10-63 

11-46 

fMagnesia, alkalis, &c. . 

7-93 

9-61 

9-10 

SiliciouB matter . 

14-70 

14-62 

1-80 


100-00 

100-00 

100-00 

Total nitrogen 

11-43 

9-97 

9-44 

Equal to ammonia 

13-88 

12-11 

11-46 

•Equal to Iricalcium 




phosphate 

21-28 

23-20 

28-96 

tincluding potash 

2-08 

2-39 

2-76 


combination; and in some cases small quantities 
of nitrate are also present. The main part of 
the phosphoric acid is in tho form ot finely 
diviaed "calcium jihosphato, some of the phw- 
phorie acid also being in combination with 
ammonium, sodium, or potassium. Some of the 
^ phosphoric acid, ther(;fore, is immediately 
, soluble in watrc^r, while <;ven that which is 
insoluble is readily attacked by weak acids and 
rapidly available a.H plant, food. There is also 
present an appreciable (juantity of potash salts. 
Guano is, thercifore, an extremely valuable 
manure, and has alway.s commanded relatively 
higher prices tlian most, other concentrated 
h'rtilisorH. Having regard to tho great varia¬ 
tion in the composition of different cargoes, it 
has been for many yeais tho j)ractice of the 
chief importers to jirepare a mixed or ‘ equalised ’ 
Peruvian guano, eontaming a fixed percentage 
of nitrogen, for the sake of t.liose users who wish 
for guano of constant (composition; but the 
guano is also on sale in its unmixed or natural 
condition, at pricas varying ^iro rata with its 
I composition. It may be added that dissolved 
I Peruvian guano, which was introduced by 
Messrs. Ohlondorff in J8ti4, and is still manu¬ 
factured by their succeasorH, the Anglo-Conti¬ 
nental Guano Works, is Peruvian guano treated 
with Huljdiuric acid to lix the ammonia and 
render tho pliosphato nearly all soluble in water. 
It is a large article of manufacture, and is sold 
containing definite percentages of nitrogen and 
soluble phospliato. 

Examples of analyses of Peruvian guano of 
different grades from several of the islands given 
below, are historically interesting. 


LoboB 

deTten-ft 

South 

Ouaiiape 

North 

Oufinape 

Lobos d'Afuera 

24-44 

25-72 

16-00 

16-20 

*15-68 

10-44 

3216 

29-01 

20-60 

26-66 

10-67 

11-90 

11-84 

14-79 

10-35 

15-07 

17-21 

19-13 

10-76 

12-26 

13-08 

12-46 

14-17 

14-60 

8-64 

0-84 

11-92 

10-66 

11-27 

12-32 

12-17 

7-40 

12-56 

20-07 

22-20 

31-06 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

8-32 

7-19 

7-07 

0-80 

4-68 

2-68 

1010 

8-73 

8-58 

8-20 

6-66 

3-13 

25-87 

32-32 

36-72 

32-03 

37-00 

41-80 

2-60 

2-87 

3-09 

2-33 

2-16 

1-80 


Besides Peruvian guam>, the only other 
nitrogenous bird guanos of commercial import¬ 
ance have been obtained from Patagonia and 
from the Icheboc Islands oif the coast of 
Africa. Ichaboe guano,*, being from fresh 
deposits, is rich in nitrogen, of which it contains 
from 9 to 14 p.e. lt« general composition is 
similar to that of Pei^uvlan guano of similar 
grade. An appreciable proporiion of the 
nitrogen, however, is in the form of feathers. 

SeawMd* This is largely usoa in some 
IfooalitiflS near tho sea. When quite fresh, sea¬ 
weed contains about 80 p.c. of waV’T. Its oom- 
ition varies a good deal. The fiitrc^en may 
1-3 ^.c. of the dry matter. The average 
percentage of potash in 20 analyses Twub and 


Tjamiriaria was 3 p.c., and of phosphoric acid 
O'fi p.c. of the dry matter. The proportion of 
nitrogen and potash in fresh seaweed is thus 
very similar to that in farmyard manure, while 
; the phosphoric acid is deficient. 

^h manure or fish guano. Whole fish are 
I empl oyed as mai^re in places near the sea. 

I Way^R^d in fresh sprats 63’7 p.c, water, 

I 1’94 p.c. nitrogen, and 2*1 p.c. ash, including 
: 0*43 potash and 0’90 phosphoric acid. 

{ Fish manure, or ‘ fish guano,’ as it is called) 

1 is made on a considerable scale from various 
I kinds of fish retfuse. The Korw^;ian fiah guano ■ 
I is prepared from cod. Heorringa, sprafa, men- 
I haaden, and other oily fish are bwed and pren^ 
for the sake of their oil^'wd the residue is dri^ 
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povderod, and sold as fish guano. This manu- 
nMture is carried on in various places on the 
east coast of England and Scotland. It is also 
carried on to a large extent in Londort^ thcTaw 
material being the fish offal of the inetropoUs, 
■which, for the most part, is siinplv dried and 
ground. The principal value of ffsFi guano lies 
in ite nitrogen, which may vary from us little as 
6 or 7 p.c., to aa much as JO or p.e. according 
to the particular kind of iisli or lish offal from j 
which it is made, and tlve preB<^ncc or absence i 
of much salt or other impuritiw. There is also \ 
a good deal of calcium jdiosphato, which usually 
varies invoracly with the nitrfigon, and may ! 
range from as little as (> or 7 p.c. up It) 18 or j 
20 p.c. The pota.sh is incoiisiderahlo. The i 
following analy.ses represent different (pialitios 
of fish guano :— j 

Analyses ok Fish (jItjano. j 


Moisture , 

14-18 

8-78 

14-42 

^Organic matter 

54-07 

03-02 

()3-08 

-tPhoHphoric acid . 

5-58 

7-85 

7-60 

Lime . 

0-10 

JU-47 

8-00 

Salt, magnosia. 




potaftl\, &c. 

17-31 

7-03 

r>-54 

Sand . 

2-70 

1 -05 

0-80 


11-18 

07-22 

7- 72 

8- 34 

5-14 

0-40 


100 00 100 00 100-00 100 00 

•Containing nitrogen ()’27 8-74 0*02 10-42 

"^ual to ammonia 7-01 10-01 11-08 12-06 

tOalcium phosphato 12-10 17'16 10-30 10-87 

The practical valuo of tho manure depends to 
some extent on the quantity of oil proHont, tho 
smaller tho quantity of oil tho more readily does 
tho manure decompose in the soil. 

Pbosphatic guanos. The ancient deposits 
of guano occurring in climates in which rain ia 
frequent havi^ lost almost tho whole of thoir 
nitrogenous matter; they are, when free from ' 
sand or rock, of valuo as phosphatic manures, 
but have been chiefly used for the manufacturo 
of high-class superphosphates. Soino of these 
guanos have been considerably altered hy the 
action of water and other natural chemical 
agents. One common result of this action is 
the formation of ‘ crusts,’ consisting largely of 
efioium phosphate containing considerably less 
calcium tnan tricalcium phosphate, and therefore 
of special value as manure. Gypsum is also 
present in some cases to a considerable extent. 

The principal places from which phosphatic 
guanos navo been obtained are various islands 
in the West Indies and in tho Pacific Ocean. 
Those which more particularly retained some of 
the distinctive characters of guanos are now 
for the most part used up. More deposits are 
still occasionally discovered, but in many coses 
those deposits have become so metamorphosed 
that they have almost passed the border line 
between ‘ guano ’ and ‘ mineral phosphate,’ 
which is sometimes not easily dra-wn. At all 
events, thoir function is not that of mam^c, but 
of a raw material for its manufacture, and for 
praotical purpe^es they may be placed -with 
mineral phosphates, to be considered presently. 

Amwi fttiium salphate (commercially called 
sulphate of ammonia) usually oontuns from 
about 95 to 07 p.o. of the pure salt, containing 
80-20*6 p.o, of nitrogen, equivalent to from 
24 to 25 p.o. of amznemia. 


Sodium nlteto (tiommeroially eaUed nitrate 
of soda) is refined from the crude native deposits 
(known as calioho), found in the rainless areas 
of Chile. Good commeroial sodium nitrate 
contains about 95 p.c. of sodium nitrate or 
15-0 p.c. of nitrogen (equivalent to 19 p.c. of 
ammonium). The impurities are moisture, 
sodium chloride, 8odi\iin and magnesium sul¬ 
phates, small (luantities of iodates and sometimes 
of ]:) 0 t>i 8 sium jicrchloratc, while in some makes 
8o(liu#i nitrate is partially replaced by potassium 
nitrate. 

Potassium nitrate, or saltpetre, is sometimes 
us(>d OH a aourco of both nitrogen and potash, but 
chiefly in India, where it ia a native product. 

Calcium nitrate has i-ecently been introduced 
iia a fertiliser. Ita chief intoroat at present lies 
in tho fact that it is manufaetured trom nitric 
acid produced from the direct combination of 
atmo.spheric nitrogen and oxygon in the flaming 
electric arc. J is }>roduction is said to bo already 
oonsidm-able, but from an economical standpoint 
it will assume larger importance in the future, 
when tho present abundant sources of naturally 
formed nitrate come to an end. As put on the 
market at present, it contains about 13 p.c. of 
nitrogen (equivalent to about 16*8 p.c. of 
ammonium). Its chief fault in its present form 
is its extrorno deliqucsconeo, which makes it 
necessary to how it directly tho air-tight drums 
in which it is sent out are opened. 

Calcium cyanamide is also a fertiliser made 
from the nitrogen of atmospheric air: which is 
passed through coarsely ground heated calcium 
carbide. The resulting mass contains a large 
proportion of calcium eyanamido, and contains 
about 18-20 p.c. of nitrogen. In moist earth it 
decomposes, yielding ammonia, according to tho 
reaction 3ltgO=-2NH3-f CaCOa j but it 

is probable that other influences tlmn mere 
moisture—connected probably with the microbio 
life of tho soil—play a part in tho production of 
I ammonia. As calcium carbide is a product of 
j tho electric furnace, calcium cyanamide, like 
j calcium nitrate, needs clectrio power for its 
j production. For its manufacture v. NiraoQBN, 

I Atmosphertc, UmiZATioN OF. It is put on the 
j market under the name of ‘ kalk-stiokstoff ’ on 
! the Continent, or ‘ nitrolim ’ in England. 

Some forms of calcium cyanamide, especially 
! of a granulated type made by using excess of 
; lime, contain considerable quantities of dicyw- 
' diamide, the action of which appears to bo 
j directly deleterious to some crops and to tend to 
I inhibit nitrification in the soil (Voelcker, J. Roy. 

1 Agric. Soc. 1917; also Cowie, J. Agrio. 8d 
1 1919, vol. 9, part 2), 

I Oilcakes. Cheap or damaged oilcakes, or 
cakes unfit for food (as castor), are employed to 
a considerable extent aa manure, and more 
particularly the residual meals obtained as by¬ 
products,in the extraction of oil by spirituous 
solvents from rape seeds, costor-oU seed, and 
numerous other oil seeds. They are in U^e 
request for hop manuring, and for general dm on 
light soils, on which the fanner prefers a less 
rapidly acflve form of nitrogen than is fumished 
^ guano, sodium nitrate, or ammonium sulphaUl 
TTiey will contain 4-7 p.c. of nitrogen, l*5-2-0 p.c. 
phosphoric dbhydride, and 1-2 p.c, potash. 

Hoof ana born. The powders Vnn ob^ 
talned In jjj^king combs and other i^olcs is 
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tued to h coiwider&ble extent by manure manu- 
factaroiB; it is extremely rich in nitrogen, 
containing about 15 p.c. 

Dried blood. This is a very valuable 
manure, its nitrogenous imitbu’ l>econnng rcatlily 
available to the crop after mixing with the soil, 
PorfecUy dry hlood will contiiin about 15 p.c, 
nitrogen and 4 p.c. as}], of whicli ono-hali is 
common salt. 'I’he commercial artit'le contains 
from about 11 p.c. to about Ki p.c. of nitrogen. 
It is in growing demand for direct applifution 
to the soil, i)ut the groa1»er jjart hotli of the 
dried blood inanufactiirod hero and of that 
imported from South Amerjca is purclursed ijy 
the manure makers and incorpornted in eom- 
j>ound fertilisers. 

Meat meal, meat guano. T!ie residue from 
the manufacture of moat extract is exported as ■ 
manure from South Anuu’ica, and fi<im Queens¬ 
land and Now Zoalaiul. The ciunposition varies 
much, chiefly according to the proportion of 
bone grounil up with the nx'at. 'I'lio nitro¬ 
genous samples may contain 11-15 p.c. nitrogen, 
and O'O-.'l'O p.c. phosphoric anliydrido. The 
phoaphatic samploB may oontam (l-I p,c. 
nitrogen, and 14-17 p.c. phosphoric iiuliydnde. 

. Shoddy and wool waste. Tiicfso are useful 
nitrogenous manures, hut much less active than 
those previously onnmemtiid, being only slowly 
decomnoficKl in the soil. Tiiey arc less used ilmn 
formerly, exce})t for hops and mark(‘t gardening, 
owing to the cheapness of ammonium hoHs. 
Pure dry wool and hair would contain abouti 
17 ji.c. nitrogen, and 2 p.c. asli. Tlu^ jiercentage 
of nitrogen in ordinary shoddy varies from 
6 to 8, the general average being about 7. 
Shoddy is apt to contain a good deal of water ; 
the other iinpuritios are cotton, oil, and mineral 
dust. 

Leather. Tlic ppreontago of nitrogen is 4-5. 
This is the least active form of nitrogenous 
matter used as manure; hut there are various 
manufacturing processes—such as treatment 
with acids or with .steam under high pressure?— 
whereby the character of the leatlier os such is 
more or less destroyed, the result being a fine 
powder capable of undergoing more rapid 
decomposition, and having, in some cases, a 
large proportion of actually soluble nitrogen. 

Soot. House soot is used by farmers as a i 
top dressing for spring corn. Good soot con- I 
toms about 4 p.o. of nitrogen or nearly 6 p.o. of i 
ammonia (say 20 p.c. of ammonium sulphate], | 
m which form the nitrogen largely exists, but i 
it often contains an admixture of ashes, and ' 
consequently varies a good deal. 

Bonds. These are selctom used in their 
fresh state; they have generally been first 
steamed to extract the fat. A more perfect 
method of extracting the fat by means of benzene 
has been introduced (J. Soc. Ohem. Ind. 1884, 
376, 490, 575), but not mboh omployi'd. Less 
nitrogenous matter is removed from the bone 
when benzene is used. A third form of bone is 
that left after extracting the greater part of 
the gelatinous matter by boiling under pressure. 
The analyses in next oolomn illustratl the com- 
tuition of bone manures. 

Bones are either applied to the land directly 
06 omshed bones, or as bone-dust ^ bone-flour; 
iitf they^are employ^ "ior the manufacture of 
^d|Hlolvra bone? *^6 soft parte bone oro 


English 

(containing 

Bone Meat.. 

EnglUh 

Boiled 

.Steamed 

or 

caitilagiQouf 
matter) 
MciLsturo . 8'24 

1 (ordi¬ 
nary) 
8-80 

or lightly de-geia- 
Indian steamed tinised 
8-48 8-62 13-52 

•OrgRiilc 
mutter . 30‘14 

34 94 

30.^0 

20-74 

9-88 

ti’hosplioriu 
uc’ni . iiO'7.^ 

21 9B 

24-19 

26-44 

30-11 

Lime . 27'94 

28T.3 

32-03 

35-9.5 

40-()4 

Magnolia, 
carbonic 
luati, .Vc. 

4-02 

4-19 

7-2.5 

.5-4.5 

SilicimiH 
matter . 1 '7.''» 

i-4r. 

O'.-).') 

roo 

1-00 






loireo 

100 00 

100 00 

100-00 

1(10-00 






•(.'oiitniniiiK 
nitrogen 4'72 

4-J9 

40’] 

2-33 

0-91 

L<iual to 
ammonia .'>■7:1 

r.-o'> 

.1'87 

2-83 

Vll 

M'inual 1.0 
tricaleiuni 

47-33 

rj2'.8r> 

.57-77 

65-79 


more nitrogenous than ilie liard parts. Bonc- 
fiour ia a line ]>owder, prepared from liighly 
stcametl i>oiies, 

Bone ash. Tliis is imported from South 
Arncrica. It was formoiiy much used for pre¬ 
paring high-elaMH superpliosphatca, but is now 
loss em]»loyod, owing to the abundance of cheaper 
phoHphato.s. l*uro ox bone o-sh will contain 
no.arly 40 p.c. phosphoric acid. Tlic commercial 
artielo is usually sold on a basis of 75 p.o. 
tricalcium plmsphato. • 

Basic slag« By the process patented by 
Thoinua (1877-79), the phosphorus is removed 
from pig-iron. The melted iron is placed in a 
Boasenier converter lined with liino, a largo dose 
of lime is added, and tlio blast applied. At the 
high tomperature reached, the impurities ip 
the iron ai*e oxidised by the air introduced, the 
phosphorus becomes phosphorus pentoxide and 
unites with the lime, A slag is formed contain¬ 
ing nbout 40-50 p.o. lime, varying quantities of 
magnesia, alumina, iron oxide, manganeee oxide, 
silica, and plioapliorio acid equivalent to from 
20 to 50 j).c. of tricalcium phosphate. The 
process has been adopted to a very large extent, 
and basic slag is now an important product of 
the iron and steel industry. It has been esti¬ 
mated that at the present time (1910) 300,000 
tons are annually produced in Great Britain alone, 
and the continental production is very heavy. 

For several years, however, the slog was 
regarded as valueless, the largo amount of iron 
present loading agricultural chemists to believe 
that the phosphoric anhydride would not prove 
available to plants, while the ferrous oxide 
would probably be injurious. It is now known 
that the phosphoric anhydride in the slag is 
almost wholly combined with calcium, and that 
this calcium phosphate is oa.sily disintegrated 
and rendered soluble in the soil, and that no ill 
effects arise from the presence of the ferrous 
oxide. Tetracalcium phosphate has been regarded 
as thattia.nbinatiod in which roost of the phos¬ 
phorus occurs (Hilgenstock, Dingl. poly. J. .250, 
330 { Otto, Zeitsch. Chem. 11, 255; Bucking u. 
Zinck, Stahl u. Kisen, 7, 245); but it is pro¬ 
bable that the phos^ate has more nearly the 
composition (CaOl.jFjOj.SiOj (Hall). About 
1*5 p.o. of the toted phcM^oros exists as iron 
iihdspbide, which is ohansed into phosjdisite 
in the soil (Jensob, Zeite^ Cbem. 10» 820b 
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The phosphate in tho slag is not solublo in 
water; it is dissolved to a considerable extent 
by a solution of ammonium citrate, and when 
the slag is finely ground about 80 p.c. of it 
should dissolve in a 2 p.c. solution of citric acid. 

Much basic slag is also now produced in the 
open hearth process. This is of lower grade of 
pnosphorus content and of low citric acid 
solubility owing to tho use of calcium fluoride 
03 a flux. 

Field (‘xj)oriincntN witli linely ground un- 
treatedslag comniciiccHl in 1882, and it was found 
to produce an cxc-eliciit ofl'cet. Tho tlorniauH 
were tho fiist to realise tlio iniportani e of the. new 
manure, and they sueeeeded in ])UJchasing in 
advance a large projiortion of the Eniihsh make. 

To be elleefive the slag nuiRt bo very finely 
ground ; at least. 80 p.e. of it Hhould ])asR t lirougli 
a siovc having KMf nuwhc^s to the linear ineh. 
The grinding rtnjuires speeiul inachinory. It i.s 
advisabi<% according to Horn (.1. Hoe. Cliem. Jnd. 
1880, 242), to break lirst under slainpR, to 
further reduce between rollers, then to sej)arato 
picQOH of iron l)y }>assing over slanting sieves, 
and finally to grind ladween niillHtones. 

According to Wagner’s tnals, 2 jiarts of plios- 
phorie acid in powileied slug (of wliieli 80 p.<'. 
passed a sieve, witli ni(>sli(>s 0 2 inin. duiineler) 
are equal in rnaimiing ])ow(‘r to 1 ])}ut> of sohihle 
phospliorlc acid in superpliosjihulc j tho elicct 
will, liowever, vary in dillorent soils. 

Basic slag is esp(‘ciully valuable on moorland 
soils rich in orgamc matter ami on clay soils 
deficient in lime on which the continuous use of 
superphosphate is undoHinibh'. Jt 1ms provcai 
OBpeeially valuable on jiasturelund. 

Precipitated phosphate. Phosphut ic minerals 
which are unsuitabli! ^'or tlic manufacture of 
8 uperphos))hatc, citlier from their poverty m 
))hosphatc or from tho jiTcsenec of an ohjcc- 
tionahlo amount of iron oxide or alumina, arc 
Homotimos treated with acid, the calcium phos¬ 
phate dissolved out, and tihen recovered by pre¬ 
cipitation, If tho aildition of the neutralising 
base is stoppi’d while tlio solution is still acid, 
the precipitate will consist chiclly of diculeiuiu 
phosphate. 

The phosphorii: anhydiidc* m jireeipitated 
phosphate stands next in value to that existing as 
monocoleium pliosphate. tiommereial diealciuin 
phosphate may eont.ain as much a.s 40 p.c. 
P 2 O 5 ; it is thus a very concentrated manure, and 
especially suitable for use where manure must 
be conveyed a long distance. Owing to the 
introduction of basic slag, however, it is now 
scarcely worth while to manufacture precipitated 
phosphate except as a by-product. It is thus 
prepared incidentally to tho manufacture of 
gelatin from bones. The bomjs arc treated with 
cold hydrochloric acid, which disBolvea out the 
phosphate, leaving tlie chondrin or gclatinoid 
matter undiRsolved. The phosphate is then 
recovered from the aeid solution by precipitation 
with milk of lime. • » ,, 

Superphosphate. Tiic phosphate.^ })reviously 
mentioned may bo applied directly to tho soil 
with good effect, if in tlie condition of fine 
powder. Natural mineral pliosphatie do])OHits 
are, however, top hard and insoluble to be 
ooonomicallv used in this manner; these are 
treated with sulphuric acid, and converted into 
Buperphoephotes. 

VoL. in.— T. 
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I'Ke treatment of bone with sulphuric acid 
was originally recommended by Liebig. Tho 
treatment of mineral phosphates with sulphuric 
acid urigihated with Lawee, who took out a 
patent for this process in 1842, and foundod a 
manufacture wliich has since reached onotmous 
dimensions. 

Supcrphospliato in tho United Kingdom is 
always sold on the basis of its percentage of 
what is called ‘ soluble plio.Rt)haie.^ This moans 
llte quiaitity of tnculcium jmoRphate which has 
boon rendered Holuble. U'be phosjihorio acid 
soluble in water is determined and 
caleulated into its eiiuiviilent percentage of 
(^Val’oOa, this being called ‘.soluble plKwpuabc.’ 

On the eonlinont of Europe the solubility is, 
on the oilier hand, calculated as ‘ Holublc phos- 
jihoiie acid,’ i.c. L*,.Oj dissolved by water, Tho 
method of determination will be described 
later on. 

PhonjilaUr MattnaJs need. 

I Siijicrpliospbato was prejiarod by Lawes in 
I tho lirst instanec from spent animal charcoal ; 

, Hullolk ('riTtiary) (ioprobte and Estrernadura 
I ])lu)Kj)h(iiit<s were also early oinjiloyod. Tho 
Sull'oIJc coprolite wa.s for 15 years tho principal 
material inadi^ u.se of. I’ho far supenor Cam- 
bi’idge ((«reensaiul) coprolito then boeaino for 
many yearn tho ehiel material, but is now 
aearec'ly, if over, used, oilier phoapJiatoH being 
much ehoajier. Ueiiosits rich in calcium phos¬ 
phate have been found all over the world; 
many of tlieso have boon exhausted, and others 
given up os of inferior quality, or as honig at 
present jirieos too expensive to work. We Khali 
give. Home account both of some of those which 
hav e become matters of lustory, or tho use of 
which is at present in abeyance from the effect 
of eoijipotition, as well as of those which are at 
prosent in use. Tho cstiinateB given of tho 
quantities of tlio various phosphates recently 
miiiod or raisod are taken from a paper read at 
tb(^ International Congress of AppHed Chemistry, 
in IfHW, by Hermann Voss, who eetimatod tho 
total output of raw phosiihate in 1908 at the 
enormous quantity of 4,824,000 tons. This 
would represent in all Boinothing like million 
tons of superphosphate. 

South Carolina or Charleston phosphate. 
This is apparently a converted Eoceno marl. It 
occurs in rough masses, largely perforated by 
boring mollusea, and associated with fossil 
bones and teeth. It is elasRcd as ‘ land ’ and 
( ‘ river ’ phoS[)hate ; the latter is obtained by 
dredging the Bull, Coosaw, and Stono rivers. 
This jihosphate came first into uso in 1867, and 
soon became tho chiof material for tho manu¬ 
facture of superphosphate. The quantity ox- 
i ported to tho United Kingdom in 1887 was 
; 105,276 tons (principally river pliosphate); in 
i the same year 430,6#J tons were used in the 
! United States. There are three grades, contain* 

; ing phosphoric acid equal to 50-62, 66 - 66 , and 
j 58-00 p.c. tricalciuin phosphate ; they differ 
; simply in the proportion of Hilicious matter 
' present. Sototh Carolina phosphate, though not 
, rich enough for tho preparation of high-olaan,^ 

I superphosphates, is an admirable material for 
. tho produotioA of an ordinary sup^phoophato, 

I containing, ac^rding to tho quality of the phbB- 
! phato used, from 11 to 14 p.c. Soluble pliofi^orio 
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aoidf or, in isnninerc.ial langua^, 24-3U p.o. 
soluble ])hoHj>)iaU). (iwiijg to tbe discovery of 
other deposits and to tins local demand for this 
particular jdKwplialo in tlic Uiut<e(i States, it 
lias at tircsont practn ally ccaHcd to bo imported 
into England, 'rho quantity of phoHjihatc 
raised in HMJH in South Carolina and Tenuosseo 
IS twf-iniatod by V'ws at HOibhOO tons. 

Belgian and Somme phosphate, in liie noriii 
of France (ilcjiartinonlH Soninie and I’as di* 
(^ulais) atnl in tlie iMljoinuig tJiHlrict.s of li.'lu'iiuti 
tlien^ e.xistrt an I'lioinioUK doponif of a fnablo 
j)lioKpliali(5 rock, ‘ itram grise,’ (;.\U’n(Jing o\''*r 
Kovon million acnis, 'I'iuH dejiosit lies on ordi¬ 
nary wliiU* eliiilk ; il. I’oiiKiHts t)f yidlowish giaiiis 
emlioildcil in a rlmlky matrix. The rock con¬ 
tains 2d 3d |i c, of cjilcuim j)lios}i)iaie, (ji-curniig j 
in the crvHtnllinc grains abm'c mentioned. Jii 
the ujiper layer of t.liin di'jio.Hit, are jiockolK, 
cliieHv d(‘vel<>|ic(l in l-’uini-e, wiiicli conluin n 
sand fur rit-le-r m iiboHpiiale ami jjoorer in 
carbonate lliau tlie undciivnig lock, the pro¬ 
portion of pliosj)liat<’ III llii« siuiil heiriy rid-Ki) 
i.c. 'rhe sand iiiun prohalily been formed 
roni the orii'iiiiil rock b\ the action of wat<'r. 
Tins phoHjiiuilic sand is known as ‘Somme 
jihosjihate.’ 

iho Jfelgiaii pliosjilialic lock ih generally of 
low (juaiity. by washing ami blowing, a 
material con taming 'id-^iri p.c. i iilemin jdioHjiiinti' 
iH produced, Many schemes liavi* been tried 
for removing the cahuiiii earbonate, and thus 
raising the value ol the maU'rial; nunc has yet 
Ix'come a comimMMal siiecesH. iielgian plios- 
phatc IS iikihI with other phosphatcN as a diluent ; 
thu carbonaiii it (‘ontiiins jiroduccN much 
gyjwurn when aed-d on by tlie suljdJurKi acid, 
and eonsideralih impro\t« the irorosity and 
drynwH of tlie manure. The exfiort from Selgiimi 
to tluvUnited Kingdom is eonsiiierable. 

Olio ]iriieUeal aiivunlage possessed by the 
iielgian and Somme piiosjiliates is that they 
requii'C no grinding Sommo jihosphato os im¬ 
ported g(HW enliix'ly through a sieve of (id win's 
to the ineh. Tiie output ol Ik'lgiau pliospluite in 
llKtH was estimateii at loO.tKKt ton.s, and of 
Somme and other Freiu-li phoHjihute at Itrjd.ddd ' 
tons. 

Phosphorites. Large deposits (>f ajialite, 
or of ]ihospiiaU'.H luiving an apatite cliuracter, 
occur in manj jilaei's ; tliose ino.st wurked tuue 
lieen tlio Kstreinadiira. the ('anadian, and tin' 
Norwegian. Tiio.se, however, are not now' 
brought to this eomitrv, and Imve for lh(' ; 
present ceased to hi' worki'd. 

1. A'.'ctrfjmK/imj- phasphorilc.— An immense 

deposit occurs in ('ae»‘n\s^ Jn coinpo.sition it 
in a fluor-apatite, but mi\«‘d with inueli quart/., 
and with mort^ or less cnlomm carbonate. Tiierc , 
HTO throe qualities, conlaininc about 5d, dO, and 
70 p.c. triealeinm plicwpliat'C. The calcium 
earbonate varies from 0 Ui p.c. T.ho e.\ports ; 
wore in former years very large, amounting | 
somotimee to bO»(IW tons per aniuiin. j 

2. CoTMidwtn pho‘*ph<frHi'. —This is rnueh ; 
richer than the Estremadura phosiihorite, com- ■ 
taining 70-xS0 p.e. tricaiciuni pluis^iliule. The ! 

•■lower qualiti(V« contain much mica. The amount | 
fonnorly exported to tlic United Kingdom was ; 
oonsiderable. * \ 

CaiJbbMn ^oaphatei. Under this head we 
group the rock phosphates found on many of i 
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; the West India islands, sonic of which ore often 
i classed us pbosiihatie guanos. 

I I. Aruba. —^This is one of the Dutch ialandfl. 
The phosphate is of high ijuality, containing 
! 75-bd j).c. triculciuiii phosphate, but the imports 
j now arc small. M’lic total quantity raisw in 
1 11M)H is ('stiiuatiHl at 3d,Odd ions. 

J L'. C'^frufua—AiiotliiT J>utch island. This, 

I whi<i]i is miw being iaigely w'orked, is ouo of the 
I liiicst ph(l.^pha^(■s iL ailalih'. containing about 85 
I p.c. Incidi ium jiliosjjliatc. W ith this phosphate, 
superphosphate ma.\ ln' made containing 44-45 
p.e. Soluble jiiiospliatc (2d 2(tl p.c. soluble FaO«). 

3. i<o>itbH-ru .—This valuahle di'jmsit is nearly 
e.xlmuHtnl it c!)ut;uii.s 70-7h p.c. tricalciuin 
plioHjihale. 

•J. Mont omi Si. Miiihn'a i.slandfi .—Botli 
di'posits arc now exhausted ; tho former wais of 
\'i‘rv ingh quality. 

5. A'aeas.sa.—I'lie deposit on thus island 
bus a w'dl-marked [usolitie stiiudui’e. The 
pliospliorK- nnhydude is ('(piivalenl to dd-7U p.c. 
Iru aicium jihosphiilc'. 'i’iie use ol Navas.sa phoH- 
pliaU' iw limited by the eousiderablo anmunt ol 
alumina and feme o.Mdi! pri'sent, ■wdiieh makes 
il, un.suilable lor the jirejiaralioii of lugh-claas 
suj)Ciplius[)liatrs. 

d. Miduiidii uuil ,l^h/ I tin .—Tho phosphates 
of tlioso islaiid.s consist claefly of aluminium 
jiiiosplial'C. Tliey arc quite iinsiiilalilo for the 
maiiufactuii' of .•uipci phosjihafo. 'J'hoy have 
boon dissolved m suijiliune acid, and the alu¬ 
mina separated as alum. It has also beun 
found possilile to obtain a large proportion of 
the pliosjiiionc aoui as sodium phosiiluvte by 
heating with sodium cliloride m suporheatea 
.steam, or liy tiring with sodium sulphate and 
carbon (d. fSoc. Clicm. In^l, LSSli, 57U). 

Bordeaux phosphate. Uuisod in the do* 
jiartuiients of Lot and Tarn-et-Uaronne. Tliis 
iH now little usi'd in England, ns it la not rich in 
ph(ispliat(‘. and contaiiLs a good deal of ferric 
oxido and alumina. 

Nassau or Lahn phosphate. This ia still 
used locally, but the exjiort.s to this country 
lijivn (TOKi'd. It varies much in ('ItunpoHiiion ; 
till' liiglior qualitie.s are suitable for tho maou- 
fact lire of Hupcrphospluite, but the lower quail- 
tii's contain much iron. This jiliasjiliato ia re¬ 
markable as cont.Hinii)g a distmet amount of 
iodine. 

Coprolites. The Jiiiosplmtic iiodulcN com¬ 
monly known as co]irohtes, found m England, 
urc scarcely iwixl now, cheaper phoephates 
being ttvmlulile. Tlu' Camliridge (Upper 
ttroenaand) eoprolite was the biwt of the Enguflh 
sorts ; it contamod ruT-tiU p.c. tncalcium imoe- 
lihute. without an admixture of ingredients 
prejudicial to tho production of soluble phos¬ 
phate. The t^ufTolk coprolito (Tertiary) contains 
loss phosphate (55 p.c.). and more ferric oxide. 
Tho Bedfordshire eoprolite (l^ower (rroonsand) is 
still morc inferior, the ferric oxide being present 
in infi^,jied proport ion. 

In France there are (‘onsiderable do]>OBitfi of 
eoprolite in the Upj>er (h’oensand in the depart¬ 
ments of l*as do Ualais, Meuse, and Ardennee; 
those from Pas do Calais are shipped to £hu- 
land from Boulogne. Th^e coprolites generally 
contain a low projxirtion of phoeph^, and 
much siliciouB lo^ter. 

Florida ptuMphafa, Extensire di^rasite of 
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high-grade phosphate have been opened up i 
daring recent years in the 8 tate of Florida. 
The phosphate is oi two kinds, namely, ‘ hard 
rock ' phosphato and ‘ pebble ’ phosphate. The 
rook phosphate commonly contains from 78 to 8(1 
p.o. of triealcium phoHphato, and the pebble 
phosphate about 70- 74 p.c. There is, however, 
also a high-grade pol)ble ^ihosphatc containing 
from 78 to70 j>.c. of tncalciuin phospliate. Thi'se 
phosphates are very witiely used in supernhoR- 
phate. According to th<i esiiinatoH of Vos.s. 
000,000 tons of Florida ‘ har<l I'm k ’ jihoRiihaie 
and 900,(KM) tons of Florida ‘ jK-hhle ' jiJiosjihale 
were raised during 1908. 

African phosphate. An cxlcnsive j-nngc of 
])hosphate dcjiosits is now workc<I on or near 
the northern cooHLof Africa, known in enminerer 
ofl Algerian, Tunisian, TocijiieviUc, (lufsa and 
ifigyptian phosphates. M'Ikso me S(tft, jiowdery, 
or mabie minerals, eoiilaimng for the luiisi 
part comparatively iMtle silieioiis matter, luit 
a large j»roj>ortion ot enicium carboimti'. 'I'he 
jirojiorlion of t nculciuui ])iu)sjilmle is eonimonty 
Homowheir near (H) j».c., varying from about Oil 
p.C. to nearly (>4 p.c. The ijuuntitie.s of North 
African phobjiliivtes mined in 1908 wei'o estimated 
by Voss at over 1.500,000 tons. Sonii' of them 
are mew prepared in a finely ground state for 
direct application to the soil. 

Christmas Island phosphate. This is a (ieposit 
found on t'hnstnuus (slanil—-an island lying in 
the Indian Ocean south of Java. It contains 
about 87 ]).c. of triealcium jihospliale, and makes 
excellent Ruperpliosphafe, At present tlie oiit- 

f iul is Raid to be largely consioued in tho imuui- 
aciurc of sujierjiiiospiuite in Japmi. 

Pacific phosphate. X'aluable d(>p<i.iitM of 
similar high-grudo jjho.sjilialoH, containing HO or 
87 i>.c. of triealeium nhosphato, aceompanied 
by very little ferric oxide or alumina and j.raeti- 
cally no silicii, have been diseoveroil in recent 
yoam on certain islands in tlie i’ucific Ocean 
lying to tho noiili-oiist of Au.stralia. 'I'he 
principal deposits at jiii'sent worked are tlinse 
of Ocean Island and Xauni Island, hut deposits 
have also l>een found on tlie islaiids of Wakalea, 
Tahiti, and Angaur. .Aliicli of the fihosphaUi 
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i raaaed on thcM ialanda is oonsumed for BUpor- 
; phosphate making in Australia, Now Zealwd, 

I and Japan. These phosphates in a finely ground 
i state are also now sold for direct application to 
! the soil. 

Manufacture of superphosphate. The raw 

phosphate is first reduced to an extremely fine 
powder, ('onsiderabli' improvements liavo now 
been effeclod both in the economy of the gnnding 
and in tho degree of fineness attained. If the 
material is m huge luinjis, it iw fimt induced by 
monns of a crusher, and is then tranaferred to a 
suitable mill. 'J’lie Kent mill is largely used for 
lliis purj»ose, and is worki'd in conjunetion with 
a screen and elevator. 'J’lie finer the jiowdcr 
(il)tained, tin- mure comiileto will ho the doconi- 
position by the sulphuric acitl. For fiwt-clua« 
work Ihe pow’dcr should jiass through a rIovo of 
8 U wires to tho inch. In view of the stringency 
of modern faihorv legi.slatioii. a dust-collecting 
|ihint of s(jme sort, such a.s the B<dh filter, in 
usually cou.sUliTod lu'ciNSsary in tho jiart of tho 
works devoted to milling. 

Jt has been ivs.sumed m som<“ text-bookB 
that the veaetioii in supmpliosphate making w 
simply : 

i 2Il,S(l^-('aHilV>BT2CaH()4 
This is true oa ri'gards the major portion of tho 
j)ho.sp|]uie rendered soluble. But in practice, 
as wiui first pomUal out by Jiuffle (J. Soc. (Jhom. 
Ind. 1887, 327), the reaction, a« regards an 
appreciable portion of ihe phosphate, almost 
invariably proceeds further, tnus : 

l’m,V.,t)8 r»l-ra>S 04 - 2 Jf,l*C) 4 +:iCafi 04 
so fihab a water solution of suporphonphate 
uontains a major projiortion of (Ja/l 4 F 804 , with 
I a minor prn]>ortion of free phosphoric acid 
11;,P()4. Indeed, unless there is a fair proportion 
of tho latter, the jjroportion of ‘ boIudIo, phos¬ 
phate is unstable, owing U> liability to reversion 
by sulwocjuent intoraction between tho dissolved 
pliosphato and ilmt which was originally left 
undissolved, '['hus well-made superphosphate, 
when freshly made., often contains os much as 
from (5 to 10 p.c. of JI 3 FO 4 , and sometimes 
more. 


pERCENTAaE COMf'OfilTlON OF MlNEKAL Fho.RPHATK.S EMmiYED IN THE MaNUFACTIJBE OV 
iS^Tl’ERPKO.SPHATE. 

Flokida PHoai'iiATES. (Dried at 100'".) 
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North Aitrican Fhosi'IIATeh. 
(Oriod at 100".) 
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In the firet stago of tho inaction, phMphoric 
acid alone is probably produced, and this after¬ 
wards reacts on the remaining undocomposed 
phoephato. Tho proportion of free pho3i>horie 
acid in tlio resulting mamiro is groat’<*r when 
strong sulphuric acid has btxui employed, the 
total soluble pliosphoric acid being, at tho samo 
tiino, diminislied. VVMieji superpluxsphaU'S arc 
dried at HX>°, a loss of soluble j)hosplioiic acui 
also oocure, and this loss be<-omes much greaU^r 
when n higher tomix'rature js employed (llufHe). 
Monooalciutn phosjiluitc can. in faiM,, ovist only 
when in union with water. 

A further reaction v/liicli is of great practical 
moment to the manufacturer of supiTphospliato 
is tlio disajipearanco ol soluble plioKjihate by 
keeping. Tlie regcneratc'd insoluble jiliosphate 
is knovm as ‘ reverted phosj)liat<?.' 'I’liis de¬ 
terioration during storage is not observed in the 
cose of wiill-mado HU|)er{)Jiosj)liab* prepared from 
finely ground mineral })lvospliat.(' containing oo 
appreciable quantity oi iron or aluminium, but 
it la observed when ferro' ovidi' or aluinina is 
present. 

So long aa anperiihoaplmto is valued on the 
baaia of its eonl-ents in soluble phosnhaU*. ferru¬ 
ginous and aluminous jiliospliaUis will be avoided 
liy the mamifaeturer. tin tho Continent, how¬ 
ever, ami in the Dnitod States, leverled phos- 
pliatu huH a considiM-uhlc money value, ami 
mineral phosjiliates containing iron and ulu- 
minium eonseipienlly find employment. 

The Mulphurie acid employed is usLia!l> 
pyrites.made cliamber acid of I rm to 1 dlO sj) gr. 
Weak acid is <*ssentml, a.s the ilryncHs of tlic ! 
superpliospliate depends largely \njon suflieient [ 
water being jin'sent for the crystallisat ion of tlie j 
calcium flulphatc ((‘aSt) 4 , 2 H 20 ) formed by tlie , 
reaction. It follows that, wlien much calcium ! 
carbonate is preaimt in the jiliosphate, weaker 1 
acid will bo required than when but. hltlu calcium | 
oarl)onat(' is jin'smit. When calcium Huoride 
is present in considerable (|uantity, and very 
little or no ealeiuni carbonivLe (iw in ajiatito), 
acid fitronger even than l-bb sp.gr. is necessary, 
aa calcium tlnonde is not so readily dci'ompostMl i 
as oaleium ('arbonaU'. 

TJie projKutiou of suljihurie acid to be used 
depends, <|f course, upon the composition of tlie 
phoephatie material. Tlieorctieally, 100 of 
tricaleium phospliaU^ will require 04 of sulphuric | 
oe.id of ap.gr. I'bO (Tif) p.e. SO,), or IbO of sul- j 
phurie. acid of sp.gr. (o!.') p.c. SO,), if! 

monoealcium phospliat e is to be produced. The | 
proportion of Bulpliunc acid used in practice is | 
usually aa large aa can bo emjdoyed witiiout 
ondangonng the dryness of the product, it is 
generally somewhat in excoj*H of that needed to 
produce monoealcium phasphate, hut is con¬ 
siderably btdow that required to yi<'ld only 
phosphoric aci<l. For South Carolina river 
phosphate, the ordinary jiroportion is OG p.c. of 
sulphuric acid of sp.gr. 1 57. 

The excess of lime present m the material (os 
carbonate or fluoride) is a principal factor in 
determining tho quantity of sulphuric acid to be 
employed : 100 of lime will require 200 of acid 
ap.gr, 1*0 or 277 of acid sp.gr. 1'55 to produce 
calcium sulphate. At the foot of tho tabic pre¬ 
viously given will bo found the excess of lime 
(over that required to form tricaleium phosphate) 
present in each of tho mineral phosphatos 
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commonly employed. Phosphates containing a 
oonsiderable e.xoeas of lime will yield a poorer 
aiiporphoaphate than their ptircentage of phoH- 
phorie acid would swun to warrant, owing to 
tlie largo proportion of sulphuric, acid which 
they rciiiuiro. 

'I’o pnmare a ^ mineral superpliospliate,’ tho 
only ingrodiouts are the powdered pluwphate and 
j suliihune acid. Wlu'ii turnip manuR's, or other 
I manures containing a little nitrogen, are pre- 
[ pari'd, Crushed Iximvi, powdeivd hoof and horn, 

■ siioddv, or ammonium salts, are added when tho 
1 iiigredienf.s !in> mixed. Mixed Kuperjiho-sphatos, 
i formerly eidle<l * tli.ssolved Ixmes,’ are usually 
j pnqiared from a mixture of inmeral phosphate, 

' bou<\ and some eoiicentrated nitrogenous 

■ matter. 

' Owing to the requirements of the Fertilisers 
! ami Feeding Stuffs Act. however, such mixtunw 
i ar<‘ now sobl a.s " dissolved bone eompounds,’ the 
I t:onn ‘ dissolved bone ’ or ‘ vitriolised bone ’ 
i being restricted to fertilisei-s made from puro 
' Ixme and aeul only. Usually, in such cases, 

' only from one-half t,o Iwo-third.s of the phos- 
; pliat.e is actually soluble m watm*, but much of 
' the remaimler is in the n^adiiy lissimilable form 
j of diealeium diliydrogeii phosphate. If enough 
aeid wer(‘ used to dissolve all the phosphaU*. tlie 
product would lie too pasty for sowing. 

The mixer in which Die reaction takes place 
stands on a ]ilatforni, over an empty cliamber, 
variously known oh the ‘ bin,’ ‘ den,’ or ‘ pit,' 
[t eniis’ists of a cylinder, sometimes nearly 
linn/.ontal, somotimes vortical, furnishod in tho 
cent-ve with a revolving shaft, carrying arms Bot 
on screw-wise. Into this mixer tlie charge of 
wciglied ‘ dust ’ is emptied, hag by hag, while, 
at tho same Liim*, a ineasured quantity o£ aul* 
phurie acid is run in from a tank. VVhen the 
chargo is coinpleti'cl. agitation is continued for 
two ininutixs ; a valve is tlien opened, and tho 
whole contents of tho mixer (about Ki cwt.) 
allowed to hill into the ])it below. I’en chargt« 
can be easily worked in one hour. Tho pit 
below is built of brick or concrete on throe sidcB, 
the fourth side consiKts of a wooden hoarding 
which i.s takim down when tho pit is being 
emptied A pit will hold from 80 U) 140 tons. 
Tho iluid material which enters the pit rapi^y 
roachos a temperature considerably exceeding 
100°, and then bei-omoa solid. In a few houra 
it IS ready to bo e.xcavated. 

Formerly tho excavation of tho super-phos¬ 
phate was accomplished by the aiinple moans 
of digging it out by the aid of pickaxes. 
At tho present time, however, manual labour 
is being gradually superseded by tho use of 
mechanical appliances, many patents for in¬ 
ventions for doing this part of tno work having 
been taken out. Among those, ono of tho 
beat known i.s the supcrjihosphate excavator 
of Dr, A. Kollcr, ?f the Anglo-Continental 
i Guano Works of London, Hamburg, Antwerp, 

! and Dussoldorf, wliich is now in succeesfiil ^ 
i in various parts of the world. This machine 
j consists of an arm extending from a staging, 
j which latt^ travels upon metals laid in front 
I of the pit; the arm is furnished with travelling* 
! knives and s^apera, and it revolves on a pivot 
arodnd the suging os a centre, so that it con bo 
1 swung in ana out of the pit and bo mode to 
I reach to the extreme back part of it. Wnen the 
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knivcA and sorajxjrK arc net in motion, the super- 
pho«i)hato is H<Taj)c<l forward and dropped on to 
a conveyor traveiNitig tlio front of the pit, 
whemr It 4-an lx. elevated and conv<‘yod to the 
part of the works winae it is r(x|uirod to bo 
Rtored The niMel.iMe is so (■oiistrueted that the 
arm is marie lo iimv from IcH to lif^ht and >i<( 
vcTMO, and Jovei itselt aiiloimitivally as tlie 
HUiterphoMphiite is renioverl, 

TJiegiuses i/iveii nil duiue.' Ihe leaetnm, both 
from t li(> iiiixi'i' iiiul ]i!l, aie ol a. jiaiiamlui ly 
unpleasant description, especially wlien 
phos|)hiite (•oidaiiis lluoiulec 

nit are jirovided with fin. 

fan, bv wliieli all 1 he ^a^ 
an; pimlied in a scniidxT, and then eoiulucted 
to a tall ehininr'V. 

VV»dl-mad(^ sujier|iliospliid(' is a jmrous mass, 
the cavities beiii^ due to impi-isoned ^as It is 
UHual to hreaU up the lnni|)H at tlu' tune ol 
manufaetiire by jjassiii;; it' throat’ll a. lotary 
screiMi, ami Ir* inith<-r j^nnd and scrrM'ii it. alter 
storing and ladorr' d< livery Jf mixed manures 
anv to be made, ilu^ otlin in^o'erlieuts am ad<led 
while paMsinj» tlin»U},!:)i tlie diMntejfiutor. 

Ify addiii^^ ammonium sulplmte or other 


febtjusers or manures. 

tliato in employed, it ia applied in this manure, 
lassivo iivuHnni is imported from the South ol 


tlie 

Jb/th niixe.; ami 
III <'onne<-tion with a 
aic. removed ; tlie>e 


Massive gypsum is imported I vi + ■ 

France. It wa.s formiwly usod as a diluent in 
making tlie lower class of sujierphosphates, but 
its iihiee IS now takrri l>v i^elgian phosphate. 
Jt IS an ox.( ll<-nt drier for mixing with damp 
rmiiiure. , ,, 

Lime, chalk, and marl. 'IMu'se r an hardly 
be clashed a.s aildieial mamires, as they are not 
gruieially apjihed as plant foods, but for the 
sake ot tli(‘ cousideiable amelioration of the sou 
which tliey r'llVet. 

Potassium salts. Tltese will bo found do- 
scnlierl under tlimr own Inaid. 

Tiik lii-U.ATiVK Vamii: oi' Manuhes. 

We liave describeil as bui'lly as possible the 
vaiious liltrogeiious and jihosjifiatKi iiiaiiurca at 
present usisl. 1’lu' impoitaiit (jiiestiuii remains, 
jla\<- tin- mtroyeii and jihosplioi'ic ueid tlic saino 
vaiue in all these manures and. if not, what ia 
the dilferenee ot valui' V This (luestioii may be 
eonsKlm-od Ironi (I) a trade point of view, viz. by 
ealeidatiiig from the market pnee of yanous 
manures wliat is (he money value of thoir eliief 
,M.-. constituents If the jiriees given for manures 
nitrogenous mati'rm!. willi or without potash werr^ determined hy an aeeairatc knowledge of 
"alt« ■(■(.rn,’ ' t-mK-.' ' nmnud,’ mul ' ’ M.c,,' ,n tl.o liol.l, th.™ pneos would 

muniin'K arc prodiircii. Hoiliuni nitriitc I'luimil roally hIkiw u» llii'ir avcrajic fclalivc valuu. As 
Biiti'lv lie adilcd In supcniiiosphati) unlm» llic a fact, uiniknl pnccs do !.(UU!rally indiuato, 
latter is \er> dry : if this piei’uiition is neglected, though soiuelimes vmy inii»ertuelly, the relative 
frop iiitrii' iu'kI is j, induced, (lie iiiiuiuio lilies arc ' iiiaiiimiij,' value, ot diiiVrrat. manutw. piu 

• ' - matti’r ma> also be eonsidored from (2) the data 

afforded by aetual investigation. In tins (ane, 
we soon iinil that tlie number of available in- 
vest.igations is nisnlhcient, ami that the relative 
value ol the same iiuiniiKw dillors more or less 
wUli difTermiees in the soil, (TO]), and seiuson. 


di'stroyed, and seiioiis imsidiief may (lecur. Mo 
employ aiunumnim suljiliate and sodium nitrate 
togoth'er is still mote ohjeetioriable, as am- 
Tnonium lutrati- is formed, and even when it <lo<‘s 
not snlTer deeompoj-ition it rums the mamiie by 

lU delitiueseenee .-. ' c ii * u 

Ordinary sujierpliosphate w made from a (lortaui jxiints. liowc'ver, arc tairly well osiaD- 
mixturx' of phospliates, and eont<a.ins 2b of | lislied. ... * 

dissolved pUsphate (--ll’H p.e. 1*^00 and Nitrates are, in a large majority of coflW, 
2-3 pe of nndisHolved iihosidiate. The turnip the most, aetivi', and therefore the most valuable, 
manures containing bone have generally rather form of nitvogi'ii. Conijiarisons between scyiium 
less of dissolved jiliosjihati', more of undissolved, nitrate and arnmouiuin salts, eontaimng similar 


and nearly 1 p c. of mtrogor.. Special munuit'S 
of greater streitgth are also jirejuired. From 
high-class phosphate, siijicrphosphato contain¬ 
ing 30 31 }).('. dissolvinl phosphiito (13‘7~14‘2 
FjOjj) may bit obtained. High-grade Florida 
rock will yield sujierphosphate eontaining 3S- 30 
p.c. dissedved phospbate (17‘4-17't) I’jttf,)- h'roui 
Ocean Island and ('hristmas Island phosphates, 
8Uperphos])hat«< with 44-45 p.c. dissolved phos¬ 
phate (20-2-2tbb I’utlj) may DC prepared. 


amounts of nitrogen, have boon made for many 
yi'am at Jtothanisted, and also at 'Wobum. 
‘With cereal crops tlie nitrate, on an average, 
yields distincdy mei-e corn and considerably 
inoro straw than tlic, amiuoma. MMie produce 
by the nitrate is most in excess in dry seasons ; 
in n w(‘t Heiui'on tlie ammonia may be superior. 
On pasture, t4ie relative superiority of the nitrate 
is uliout tlie same as with cereals. With po¬ 
tatoes, ammonia, apparently, is equal to nitrate. 
Witli mangol-wumd, or sugar boot, the nitrate 


Far richer superphosplmte« are obtained by , 

the proewH patented by Packard (Eng. Pats, is far superior. A good re.sult with ammoiuuni 
C17fl, (1750, 1)752). Superphosjihate, prt'pared so salts is much more dejx’ndent on tlio j>roBence of 
08 to*bo rich in fnx' phosphoric acid, is extracted ; abundance of phosphates and jiotaali in the soil 
with water, the Rolution evaporated to sp.gr than is the cjuse with nitrates. Nitratofl and 

l-125-l-30(h and ftufficient calcium phosphate, - .. 

carbonate, or hydroxide ^addod to Icav'o one- 
third of the phosphorii’ acid in the free stati*. 

The solution is then filtered, and the filtrato 
evaporated to dryness. The product contains 
about 

87 p.‘. 

Rupcrnliosplmte has a special value.-.— - — ^ c.l* m * 

«ias to be conveyed a long distance. ' upon tlic texttire and composition of the sod as 

Then- is a large export trade in .English-made , well as on biological considerations. Jt is beat 
Huperphwpl.att', ; i used after adraUture with Bu^rphosph^, 

Gyipum. This Hm in inoet coses a very i though it has the incidental effect of preoip- 
smaU value as a manure. Where suporphos- i tating ’ soluble phosphate. It is not a pleaeaat 


ammonium salts, in favourable circumstances, 
give all their effect m the first year of their 
application. 

t'yauaniide, \uid(T favourable conditions, 
givw V'sults similar to those obtained from a 


it 40 p e of soluble phosphoric acid, equal to corresponding quantity of aramomum sulphate, 
f.c. of so-called ‘ soluble phosphate.’ This but its action depends upon its time of 
rnhoRplmte has a special value where manure tion and iqion suitable weather, and proMbly 
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substance to handle in its raw condition, and, 
sown alone, it should be sown by means of a 
mechanical distributor. 

The effect of orpanic nitrogenous manures 
differs in different s(»iN. In a clay snil, bonoa 
decompose so slowly jis to l)o of little value. 
Organic manim'>, as slioddy. oilcake, boiuw. and 
farmyard manure, yickl only a small portion of 
their nitrogen to Uio crop during the lii’st y(‘ar, 
and several yeaiu will elajise, bofon; (he supply is 
exhausted. The eoidiimed use of such manures 
increases the projiortiou of nitrogen in (he sod. 
The proportion of the nitrogen in llie nuinurf' 
tliat is recovered m tho crop is frequently 
smaller than that oblaiiieil uiuler favourabhi 
circumstances in one seuwon from tho ap])lica- 
tion of sodium mlrute, t he slowly act ing mumircHM 
being, in tho efise of ai'ahio hind, subject to uu 
annual lass of nitrcgen as nitrivle.s l»y draiiuigo. 
Organic nit.rogenous manuri^s are more activi^ 
in proportion as t!ie\ itie liuely divided, ami 
when apjdic'd to a well-aiMatod soil. 'I’hey arc 
host a])j)lii*d in autumn, wiiile nitrates and am- 
inoniuni sallji should la* applied lii spring. 

Jk)t culture c\})ei‘iiuents have beiui nuule by 
Wagner on various nitrogonous manuH's. it 
the crop yield obtumed from sodium mti'ute be 
represented liy !b(t. t.lic lelativi* efficacy of a 
like quantity of nitrogen siipjilKsi in other 
fertiliRoTs jiroved io be as follows :• 


Sodium nitrate . 

. 100 

Ammonium salhs 

. 94 

J’cnivmn guain» . 

. 87 

(ircon plants 

. 77 

Horn meal 

74 

Dried blooil 

. 73 

Castor cake 

. 73 

Wool-iiust 

. 20 

Cow manure 

. 22 

Leather meal 

10 


But it docs not iieccssanly follow (>hat these 
figures represent tlio rcLitivo valuo of tho 
fertiliser in all tho varied conditioiw of jiractical 
fanning. This subject is Inung iavcstigatcd by 
held trials at UothamsU^d. 

Tho relative) value of diflerimt forms of phos¬ 
phates has been a Biibjoct of much coutroversy. 
oorae mineral phoaphatos (as apatiU^) having 
been found almost useless as manure, it was too 
hastily concluded that (with tho escoption of 
bone and guano phospliates). only phosphates 
soluble in water were effective. It has boon 
maintained that very line grinding will render 
any phasphate as available as soluble jihosphatc. 

Jn considering the subject wc should bear in 
mind that tho phospliatce in the soil, on which 
plants feed, are not soluble in waU^r, drainage 
waters being free from phosphoric acid. Soluble 
phosphate when applied to a fertile soil is quickly 
precipitated, and is generally finally converted 
into a hydrated ferric or aluminium phosphate. 
The practically insoluble phosphates of the soil 
are dissolvod by tho acid sip of the root hairs 
immediately before absorption by a crop or by 
the oarbonic-aoid-laden water of the soil. 

One great advantc^e poss^ed by a phos- 
^ate soluble in water consists in ite diffusibility. 
When rain falls after an application of super- 
phoep^te, the phosphoric acid is distributed in 
the soil more perfectly than can be achieved by 
•ay other mooe of ap^cation, and coiuequently 
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a greater number of root hairs may come in 
ooutaot with it. Ijupeiphosphato Is thus more 
iinmeiliatoly effective tnan any other form of 
phosphate. Tho auporioritv of superphosphate 
is, liowcver, not sliown in tbo case of some soils 
very j)oor in iimo, an*l in which any additional 
Hujqily of acid matter is hurtful to the plant; in 
such easiw an a.‘‘suiuhiblo umlissolved phosphate 
may produce a hotter result. 

in view of this, iwi article known as ‘ basic 
siiporffliosphato ’ is, on the suggeetion of Mr. 
John Hugiies, sent out by various manufacturers, 
it consists of sujicrphosphato neutralisod by ad¬ 
mixture with Hulheient lime to convert tlic 
originally solublo pliosphato into ‘ precipitated ’ 
or ■ reverted ' jihosiihate. 

On such soils (poor in lime), basic slag, 
J’<5ruvian guano, nr fine bojic- nicul, also find an 
ajipropriiitc place. 

Nuniorous (*X[)erimonfs have boon made re- 
gardimr the asRimnahility ()F mineral phos¬ 
phates when fiiu'ly grouiul. It apjioars that 
apalitiOH and other crystullme phosphates not 
diHiii(.egr'atcd in tho soil, havo a very small 
cITect as manure even wJion liiudy ground. The 
HAiall crystalline grams of the Nomnic phospliato 
lie in tins category. T)i(‘ majority of minora 
phoHphatoH ar(‘, however, elToetivo as manure 
whim very tinciy groiimi, hut to u different ex- 
tiuit on (lifferont soils, Tiio conditions favour¬ 
able to the use of undiKsolvod phosplmtee are 
pro.scnco of humus and al)Honoo of lime. On 
the moor soils of Germany, wliero such con¬ 
ditions prevail, basic slag has had its groateat 
BiK cuss. A (’aieareous soil is the one most un- 
stiitabh^ for tlie use of undissolvod phosphates, 
calcnim carbonate offering a great reaisbance to 
the solution of (ralcium phosrihate (Chem, Soc. 
Trans. 186(1, U13). 

It is generally admitted tliat preefpitatod 
dicalciiim ])}!OHphato iR nearly equal in effect to 
soluble phos])hato. J^hosphutes tliat are soluble 
in ammonium eitrate (including the roveited 
jiboHphate of 8Uj»eruhos|»hat<!) may be safely 
rpgard<!d os assimilable by plants; in Amorica 
they are regarded os of about W{ual value with 
wab'r-aolublc phosphah^; that they are so 
always is certainly 0|Hin to doubt. Phosphates 
that arc insoluble in ammonium citrate are 
often effective as manure. Ammonium citrate 
gives thus no safe distinction between assimil¬ 
able and noa-assimilable phosphates, though it 
affords a useful approximate means of deter¬ 
mining ‘ rovci't.<5d ' jihosphato in superphosphate. 

As a measure of ready availability in basic 
fllag, a 2 p.c. solution of citric acid has now 
Huperseded ammonqim citrate. 

Special Methods op Analysts. 

'I’ho enormous quantity of artificial manures 
bought and sold upon tho rosults of analysts has 
led to great attentil^n being paid to the ques¬ 
tion of accurate and speedy analytical methods. 
To enter into a discuHsion of ail tho methods 
which have been suggostod, or even of those 
which have been ‘ onicially ’ recognised Iw the 
associations of agricultural analysts in different 
countries, is here impossible. • 

In the analysis of feriiliaors, the object u 
sometimes ^erely the detennlnatioii of a 
definite fact, such as the percentage of total 
nitrogen or the peroentage of total pffOspboxio 
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acid. In Huch cosoh tlicrc .arc divcrsi proccSHca 
Horvjnji( to arrive at Ok' huimc rcHiiItw. Some- 
titnoH, liowcver, llic aniilybis is jH'cded for hucIi 
a jHiriMiHo iiK tin! dcteciiniiutHiriH of ‘fioluijle’ 
|)hospliul<!. HfTo. jiiiifli (Icjm'ihIk upoii the 
)nfcrj>rr'I:i.titjn of llic word ‘ soluiilc,’ hiiicc 
H uluhilil v depends not. merely fui l-lie of 

tin- Holveiit. l)ut iipi>jj its j.fojiorlit)ti to Die 
nml-rTiul acted nj)ofi and tii(! mode and dnr.d.ion 
of it-H iijiplicat loll. JL is (iierefore neeess;u\ 
to deliiM* 'HoJidalily’ delei’inm^im if 

riifortnnalefy, ditlen'iil intej’pretal ions o| solu- 
hilily fuivo liemi in voeije in dillereiit (ounlne.s. 
eaiism^ oeeasiomd e<>ijfusion in miernat mnal 
tnid(\ Init recent idtoi Is to ariivi' at inlei national 
UK;re<‘tnenf. have hemi atfemieil vnlh sunn' 
nieiunu'e of sma es,-. 

ANAI,^,SfS DJ.- KaW MlN-KItAI. f’nosj'llA') |.:s 

Jf((-r>in/iiihnii (}J jiliiisiiltiii i< ui n! TJie pinw 
pJioHc ueid m mineral piioMjdiales niav l<e 
accurately detcinnm'd cither hv ili.' i.sc of 
inolyhdic acid or liy wJni(. js sometimes caJIcd 
tho citi’K‘-o\alic-ma^qieMnm proecs.s. without 
tho intiTVcntion of molybdic acid. ; 

d’lK'ro ar(i hcvcimI nioiiilii'af mils of the, 
molybdate ]troco.s,s which ;:)\e fanl\ aeciirafe 
ami tijendore eonconiant results in tlie jiiimls 
of caitdid uorivei'.s. Tlieir one eonimon dis- l 
ftd\’antaye is 1,hat the ijiiantity of s.iiiiple i‘epr<‘- ' 
sonted in the jiorlion of solution finally worked ■ 
ujion IS m'cesH.iriiy smallm' than in the idlr'riia- : 
live ]>roci'(liiic, ami eonseijiumt ly any erroiH due ' 
to imuieurai'y of ealilnation of flasks oi pipt-lles ' 
or to laek of e\a.etm'ss in uswpi; them, arc'' 
eorn^Kpondin^iy iinilliphed; and the same 
observation ol'ivioiisly iittaehes to enors iiiei- 
dental to llie waslnnj' ot preeijntales, (he 
cnieietiey of filters, ami the ojicuations of 
weigliing. 1'lu‘re is coconl reason for suppositm i 
that many disa^Mvements sometimes nttnhuted ! 
1.0 the use of alternative ]>roer‘SH(\s ar(‘ due f.o | 
iiisutlieient ap(H'eeiation of some of llie.se sourer's j 
of m'ror, or to the non idiservanei' of liie ]m>- i 
eaiitions necessaiy to avoid them. Coiisideia- ! 
lions of tlie peeimmry cost r.f molyhdic and ‘ 
sometimes jvlTord a lem])tallon to opeiate on far | 
too small n scale, and tins temptalitm should I 
U' i’(“sisted. Thus, many eoiilinontal analvsts I 
wei-fi for yi'ars content to operate on as little as 
0‘2 K^om of raw' pliospliate. In siieh a ea.‘>e. a 
single milliirr.am of magnesium pyropliosj.liute 
(the form in wlneh the phosphate is weii;hed) 
equivalent to approximately (I'T [ce. i(f tn- 
ealcium phosphate~a grave ennskleratnm in the 
ease of largo cargoes, the jinee of whieh is 
exactly adju8t<‘d to the results of analv.''is, even 
to tho secuml plaei* of dra-inials. ' i 

Two inoditicaliouH of tin* molybdie j)roeosH 
aa apjilied to tlie analysis of raw mineral plios- 
phaUis nmy l>c given, the first lieing that td (1. 
Jorgensen* who has tlevofir'd inueli lime ami ; 
atUmtion to the matter, tlie other tliat eonir I 
raunicated by Dr. M, Ullmann. on behalf of the 
Veroin Deutechor Dimgor-Fabrikaiiteii, to the 
InUimational Congress of Apphe<l (’heiuistrv 
in Ijondou in Jorgonsen's pftieess was 

qngii\aUy publuhcd in Denmark, but an account 
01 it, ooa^unicated by himself, is published 
in tho .Anal^t, DK>Jb 34, 302.'* Aa there 
are somo difforencea of detail Between the 
proceseM, both of which yield accurate reeulta, 


j they may be given side by side." It will bo seen 
: that Jorgensen (qierates finally on a quantity 
I eorresponrling to 1 gram of the original material, 
I whilst in Idlmann'.s ])ioc(*ss the (juantity is 
halvi'd. 1 gram c;in, liowin’cr, be equally well 
: Ifilcen b}- doiililiriu' the ijiiantity of reagentfl. 

• Hfiigeiily n?ial. 
i Snlrcut. 

Jorgensen. Idlnifinn. 

N’li f ic ;ii id of s|i.gr .'bp/a rqf//V/. (.3 jiai'ts 

I 21. Iiydroi'liloric a<'id of 

sjigr. 1*!2, and { part 
ml 1 IC acid of sji.gr. I *2). 

Moli/hfl/r Sohilioil. 

100 grams <]f am- IJO gram.s of am- 
I nionium molylxlatc ui'c momnm moh'bdate ai’o 
dissolved in 2.S0 (■ (-. (d dissoivfHi m bOO c.e. of 
ammoniaofsp.gr. (1 07, water. 'I'his solution 
ami :i 00 c (• of iliis and a si'parati'.solution 
soliitidii ponreil with of 4(K) gninis of ammo- 
vigorous shaking into iiiiiiii mtnite are mixed 
Too c.c, of mine acid and made up to I litre, 
ol sp.L’r. 1 21. the mi.x- The mixtiii'i' is poured 
line being alloweil to inl.o I litre of nitric 
stand for 24 lioin's iieid of sp.gr, 1'2, and 
allowed to stand for 12 
linurs at 00or for 24 
liours at the ordinary 
temperature. 

Ila.s7/ Fliiuf fi>r MoJifbihr. Frfrtpllut.r, 

40 griims of am- 32 grams of iiit.tic 
moniiim nil.ratt'and 10 acid of spgr. 1'2 and 
grams ol mine aenl 50 grams of ammn- 
per litre The author nmin nitrate, imule up 
prejuires tins by mix- to 1 litre, 
mg 00 c.e, of nitne acid 
ofspgr 1'4 with about 
1500 e e. of wati'r, add¬ 
ing SO c.e. of ammonia 
of sp gr 0*!H iiiul mak¬ 
ing Up to 2 litn-s. 

Mixture. 

50 grams of pure 50 grains of pure 

(Tvstallised magne- erysf.aUisod magne¬ 
sium elilorido and 15(t sium eliloride and 150 
grams of pure am- grams of pure ammo- 
inonium cdilonde, dis- nium cdiloride, dia- 
solved and made i,i[i to solved and made up to 
1 litre. I litre. 

Fluii} for Ammnnin/n-Maffneniuin 
Pr>’ciiuUile. 

Ammonia solution Ammonia solution 

containing 2i p.<‘. containing 2i p.c. 
NH,v ('i'his may be Xffj. 
made by diluting 100 
jvarts (jf ammonia of 
sp.gr. 0 01 w'ith witter 
to 1 litre,) 

Method of Jorgensen. Five grama of tho 
mineral phoapJiate are dissolved in 20 c.c. of 
nitric acid in a 250 c.o. flask. After gentle 
boiling for 1.5 minutes, the contents of the flaak 
are cooled, made up to 250 c.o., and flitenKl To 
60 c.o. of tlie filtrate («] gmm of tho phosphate) 
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in a boaker-flask, l<{5 c.c. of the molybdlc Rolu- 
tion are added, and the fioak and ils contente 
placed in a wa(-<T-l)at.h at a temperature of 60® 
lor 10 JiJinutt'b', with occasional fltirring. After 
cooling and standing, the aupematant licjuid is 
poured tlirougli a lilter and the pn-cijntato ih 
washed 10 times by (iecantat-ion witli llie acid 
ammonium nitrate .solution, about 20 c.c. bt^ng 
used for each wn-ahing. 'J’lie filliate should bo 
tested with nK)rc inolybdio solution to see that 
Die precipitation is (‘omplide. 'hiu^ washed 
precipitate is dissolved in HH) (* «■. of ]).c. 
ammonia solution, and liltcreil, if necessary, 
tlirougli tlie filter w'hieii servcfl for it s acjiarat ion, 
the lilter being w.-v-siK'd 8 tiine-s with aminoina 
Boliition. until tile linal volume is about 180 <-.e. 
'Dio lK'aKcr-Ha~dc is coveied with a cJoi-k-gliKss. 
the contents hi'ought just to boiling-[)oin1, and 
30 to 3.5 c.c. of 1 he inagnc'sia mixture ad<i(“il drop 
by di'of) from a burette, the whole U'lng well 
stirred and allowed to cool witli fi(Mju<Tit. stirring 
OH long as it. rcmaius. It f-hc jirei i[)itato is 
not comjiaet and crystalline, the stirnng during 
this time siiould iio coiit iuuou.h. After standing 
for at least 4 liours, thr- pri'cij^itate is tihenul off. 
using tt platinum (Dooeh) iTiK’d'le packeil witfi 
sjiongy platinum, and wa.shed with tiio 21 j».c. 
ammonia solution unlil fiv<‘ from chlorules, and 
onco with aleoliol. It is tlii'U lined, heatial (at 
first gemtiy). and Duti ignited strongly, cooled, 
and weighed as Mgai'^Dv. 

MilhiMi of lilmaini. To 5 grams of tlie 
phosphate in a .'»0t) c.e. flask, .">0 c.e of nrimi rc'jia 
are addinl, the wlioli' lieing evujior.aied nearly to 
the eonsist.<‘nc> of swuji lor tiie I'liiuination of 
silica. Tlie residuo, aftm aetfiiig to an a]j[)roxi- 
mat.oly solid lu.iss, is taken U[i with ID c.c, of 
nitric acid (of sp.gr. I’2) and .50 c.c. ol w.itiM’, 
boiled, cooled, made up to .500 I’.e. witli w’ati'r, 
and filtered. 60 c.c. of the lilt rate ( -D 5 grain 
of the iihosphate) are ticatod with an excels of 
molyhdic .suliilion (at. lca.st IDD c c. for cverv 
D'l gram of Ih^OrJ. and iligcsted in a wnlcr-hatK 
at 5i» ‘ for 1 houi. After suilu ient .standing, the 
NU[K‘rnatant luiiiid is pourcil t.hrough a small 
elcwe filter, ami Du* pna ipilalc washeil re- ! 
poatedly by decaiilalion until free from calcium | 
At least live washings with 20 e.c, (vieh turn* are ; 
recommended. The filtrate should bo tested | 
with molybdlc solution to sec that the jirecijii- j 
tation ha« been comjileto. The ]»re<’ipitat« is 
dissolved witli from HD to 100 c.c. .of the p.c. : 
ammonia solution, and filtiTcd through the same i 
filter which served for its separation. The ; 
filter should thim he washed five or six limes ; 
with hot water, until tlie. total volunu' of Mu' i 
solution is from 130 to 150 c.c. The solution is j 
warmwl to li0‘^ or 80'^, and immeiiiaU'ly pivcipi- | 
tftted with 20 c.e. (or a suftioienc y) nf f ho neutral ; 
magnesia mi.vture, added droji by di’op with | 
constant stirring. After at least 4 hours’ j 
standing, followixl by half an hour’s stirring, | 
the precipitate is allowed 1o rest, filtered, and i 
washed with p.e. ammonitt solution until the 
washings are fitje from chlorini^. The precipitate ^ 
is dried, gently heated, ignited to con.stancy, and : 
weighed as MggPjO;. 

Ctteic-Oxalio-Maone srrM Process. 

Tho phosphoric acid (and incidentally the 
lime) may be correctly determined in the 
toUowing way. Two grams of tlie mineral 
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phosphate are treated with 25 c.c. of strong 
hydrtK’^hloric acid in a beaker oovorod with a 
olook-glasB to avoid loss by spraying. After a 
few minute.a* warming, tlu' clnck-glas-s is washed 
h.ack into Ihe beaker anil removed, the beaker 
b'Miig jilaeod in a water bath and tho eoutents 
cvajior.itiMl to drvnc.ss. 'PliiH roHiilts in the 
: elimination from solution of not only silica, but 
; ol Huormc compouiuLs, the removal of wliich is 
; c.ssential t.o the accuracy of the process. Mere 
i uvapofaf ion to dryness with a small quantity of 
I liydrochlone ax-id is insuflimont to ensure this 
! removal. Jt is nei essHry to u.se at least the 
larger (jiiantity of acul sjK'cified (25 e.c.). so that 
* its evaporation may I'xtcnd over several hours. 

■ ('J’lu‘ non-ohsiTvaneo of this jirocautiou is a 
: fiiiitful Hourci' of lu-ror, riwiilt.ing in tlie subse- 

quent formation of magncsiuHi (luo.silicato and 

■ consequent ovci' estimation of pliosphoric acid.) 

! The dry rcHidiu^ is taken up with 6 or 10 c.c. of 

liytlroclilone aeid and about 20 c.c. of water, ami 
warmed. The silica, together with pyrites or 
other ins<dul»l<* mattci-s, is filtered off and 
tlioroughly wa-slus], 'I'o the tiitmte and wash- 
iiigs (nuMsuriiig about 150 c.e ), 4 grams of 
powdered ciItic acid arc added and 3 to 4 grams 
of powdeiod ammonium oxiilati'. 'IMio solution 
IS iieatod m‘arly to boiling, ami rend<*ro(l just 
alkaline with dilute ammonia (sp.gr. about 
0’070) and c.xcoks of acetic acid is iininefliatoly 
ailded and t.he liquid is Isiiietl for a few momeutH. 
I’lie ealciuin osalute is immediiitely filtered off 
and wasliofl several lirmvs with lioiling waU*.r, 
dried, and ignit(‘d over a yellow argand flame, 
and weighed as CadO,,. Tho precipitate con¬ 
tains all the calcium. It may contain very 
minute (puintities of ferrie oxule. aluminium 
oxide,or mangancHi' oxide, and a minute quantity 
of phosphoric acid On this account the precipi¬ 
tate, attcr being weiglieii, is dissolved in dilute 
hydrochloric aeicl, the solution Isung boiled and 
treated with a slight excess of recently diluted 
ammonia. The small precipitate which forms 
IS filtered tlirongh a small filter, washed, and re- 
ilissolved in a little dilute acid, the solution being 
boilerl and again treatecl witli a slight excess of 
ammonia. Tlie precipitate is washed, ignited, 
ami weighed. If this small precipitate wciglis 
only 5 or t» milligrams or lo.ss (as is usually tho 
case in the hands of a practised worker), it may 
be assumed that tho preeijutato eontains PjOj 
equal to half its own weight of Mg.jp 207 , this 
assumption l>emg based on tho analysis of a 
large number of sueh precipitates. But if, 
owing to un.skilful work or to any peculiarity in 
the mineral under investigation, tho quantity 
is greater, the little precipitate may l>e ro- 
dissolved in liydroclilfiric acid, with the addition 
of about O’l gram of citric acid, and its solution 
added t/o the original filtrate from tho calcium 
oxalate precipitati*. 

This filtrate is rfade strongly ammoniocal 
and the phosphoric acid precipitated by the 
gra«lual addition of magnesium mixture, a large 
excess being finally added. The gradual 
addition and vigorou.s stirring are both neceflaary 
to ensure Aat the precipitate comes down in a 
compact crystalline form. Tho whole bulk 
, this stage will be about 350 e.c. After 2 to 3 
; hours, during which the liquid is frequently 
stirred—or after standing, if more convenientt 

■ over-night—the greater part of tho Ttqnid iR 
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dooantod ofT tlirou^»h a closo (iltor, leaving 
about 40 c.c. of it ni tlic hcaknr with the precipi¬ 
tate. Tlio filUT iH wasluid witli dilute hydro- 
chlorjj^ a);id, I ii<‘ uJib'llluring ukckL to mliHSolvc 
the priM'ipitiilr iji llif l»;ik(!r. After etini[ilct<' 
ro-HoJutinn, tlif n»ii(<‘nlH of th(r boaker ui(^ 
rendoied aninntni.i'-al hy siowiy <lr(i[»pinf( in 
dilub' fitnnioniu witli \ igorous stirniig until tho 
prin'ijiitul-o aH-sumes lus before a donso cryHlaljiun 
fonn. KxeeHS of atMtnoniit. Holul.ion (sj> gr. O’HSO), 
eijual to about oiK'-liltli or ono-aixl li of t !^‘ bulk 
of the iiijuul, ia addl'd and the whole allowed to 
Htaud witrli ocea.sioiial vigorous htirnng for at- 
leaat oiu' hour. Tlie ])re( i|ii 1 .'ite then tilleied, 
wnahod well with aiiirnonia (Hp.gr. (I'ftTb), dned. 
ignib'd, and weighed oh iVIg.l’gOy. 

'riio re-Holulion and seeoiid ])reeipjtalion of 
th(r ainmoniuin niugneHiuin jilionpiiat.e is an 
OHsential feature of the pioei'.ss, smee in the liist 
jiriK'ipitution .small quanldieH of niagncsnim 
oxalate are imually lormed. The iion-olisei viiiiee 
of t-hiH precaution ban bt*en a fie<jin-nt soiiiie of 
* high ’ result's. 

'I’lio jU'esenei' of a.iiiiiioMiiiiM cit.iate .and ani- 
nionium oxalate resiiil.s m t-lie I'eteiil'ion in solu¬ 
tion of a minule ijiuintit\’ of J'dlr,. Jn earlier 
davH it was usiiai to pret ipitate the ainnionmm 
tnagnesiuni ))itospl]ate, in a lloeeideiit form, by 
the NuddiM) addit'ion ol ammonia and initenesiuin 
mixture, iitld under lliese eireiini.staiici’s (sir, for 
('Xiiiujile. the original direetions ot k'n'senius) a j 
very substiinlud e.oiieeiion was iieeessary fori 
Holulnlity of the pn'cipilnti' ('rystalhiK' pre<ipi ; 
tation, however, ri'diires tins ton nnniimim, and ! 
the (leeurate tielermnuilion by inolvbdu! acid of ; 
tho ph(is)ilioiie aeid in tlie ova]ionit<‘(l and ! 
ignitt'd filtrates oblaitied in ii large niimlxu' of i 
aiudyseH of nunieioiis grades and varieties of ! 
jiluwjdiate indicates tbut. it the process be earned i 
out as here dehcribed, the (|uai)tity of l\t.l.-, I 
whieh escnjies jireeipitation eorresponds to ! 
an average of approMtnately ()'0025 gram of ' 
whieh (luautity must be aiidod to the 
weight of MgJ’A).; obtained, togi'flnu' will) lialf 
the weight of the small ammonia preeipitatu 
(obtained from tlii' calcium oxalate ]irecij)itate), 
unless this was redissolveil into llu' main liltraU* 

above). 

If the preeautionH lu'rcin set forth are ob- 
Rorved, the re.sults w’lll be identical with those 
obtainable by the accurate working of tlu' 
inolyhdu* proci'ss as delini'd by .Ibrgensen or hy 

Ullmann. 

Birbot Maonksium PaKririxATioN without 
Removal of C.mx'Ii-.m. 

This procews consists in adding to the acid 
solution of t.he phosphate a^rge (ixc('ss of citric 
aoid, suflieient to pnn'ont oaleiuni precipitation, 
and of ammonia, and in the dii'oct precipitation 
of tho phosphoric acid by mognosium mixture, 
without ro-solution. This^rocess (with certain 
precautions) answers well for basic slag {.see 
lator), and in soino bands appears to give good 
reeultfl with mineral phosphates. It does not, 
however, answer ecinally well for all phosphatcfl, 
and the result, even when accurat#, owes its 
^access 10 a balance of positive and negative i 
®nor 8 , since the precipitate finally weighed does j 
not cooftist of puro MggPgO,* as is ^umed to be ; 
tho ease. For rough woi^, as m phosphate j 
protpeefing, when an error of 0‘5 p.o. or so is i 


of no moment, it is excellent, being expeditious 
and involving a minimum of trouble. It is 
ossential that silica .should be eliminated by 
jiT'cliiuiniiry evaporation of tho acid solution to 
flryncss as in tlu' jircccditic section. 

J>KT)':KMINATHIN ol'' OXIDB AND 

• Ai.OWI.SA in MfNimAl, I’IIO.SI'UATBS. 

Th(! solvent used should be Jiydrocliloric acid 
rather tliaii (i<{ua i'Hh/. The latter is sometiinos 
j reeonimondi'd. k'oi' many ])liosj)liateH it is 
! jierliJijis immaterial which solvent, is usoxl. Rut 
: .some plto.sj)bate.s {such as American river pebble 
j iihospliatcs) contain much jiyrites. If aqua 
' K'jiu IS u.scd, this IS dissolved and included as 
; Iciiic oxide vviiu'ii js iiuslcading, seeing that 
j [lyritcH is not attacked by tlie sulphiirio acid 
! us('d 111 siipcrjdiosplialc making, and is consc- 
I (pu'iitlv iion-iiijuruuis h should, tluTcfore, be 
: clniiinutcd with the sihea, as is tlio ciusc if hydro- 
j chlorie acid be used as llie solvent, 
j Tlicie ai(‘ two mc 1 li(pdH in use which accu- 
rut.cly determine fi'nic oxide and alumina. 

Aoltatl: Mirriion. 

Two grams of pliosjihaU' art' (reatiMl with 
strong Jiydrocliloiic acid. Tlie .solution is 
evaporated to dryness and tlie rcwiduc redia- 
Holved in acid iiml water and fillcrnd from tho 
silicioiis I'csidiie. The tittrate ih oxidinod by 
adilition of broiniiu; wid't'r until orange coloured, 
nt'urly neutralised with ammonia, cooled and 
jm‘ci))itated with a good excess of ammonium 
aei’tate solution containing an excoss of acotic 
acid. After standing Homo hours, tho precipi¬ 
tate iM liltcred oil and waslied with hot water. 

The bulky )irecipilate eontaina all tho forrio 
o.xido and alumina (as phosphates), together with 
ii. varying quantity of calcium iihospliate. It is 
dried, lunitctl. and weighed. It is then disRolvetl 
m a very small rpuintity of hydrochloric aeid and 
about 1 gram of citric acid and OT) gram of 
ammonium oxalate added, sliglit excess of am¬ 
monia, and then cxcc.ss of acetic acid. After 
simmering gently for half an hour the calcium 
oxalate IS filtered of), ignited, and weighed 
as carlamate. The jihospbono acid is then 
detornmuid, exactly ofi in the citric-oxalic- 
magne-sium imdiHxl of phospimto analysiR al¬ 
ready described—cxcojit that tho operation is 
conductotl all through in solutions of very small 
bulk. The sipn of the lime and phosphoric acid 
deducted from tho weight of the ammonium 
acetate precipitate will give the ferric oxide and 
alumina. Tho iron is determined by precipi¬ 
tating tlie total filtrates and washings from tne 
precipitation and reprecipitatidn of the am¬ 
monium magnesium phospiiate with ammonium 
sulphide. If allowed to stand for an hour or 
two at a teinporaturo of about 80 °C., the precipi¬ 
tate settles well, and may l>o rapidly falters, 
washed with hot water to which a little ammonia 
an<l ammonium sulphide are added, ignited 
strongly and woigMbd as FcjOj. The alumina is 
obtained by difference. The method is tedious, 
but accurate. 

Modified Glaser Method. 

'Die following method, modified from that of 
Glaser (which originally, but inoorrectly, assumed 
a constancy of compoRition of the precipitate of 
mixed phosphates) is somewhat shorter, and 
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giTOJ nMultH identical with those obtained by 
the metliod just described. 

Four grains of the phosphate are trt!atod 
with about 25 c.c. of strong hydroclilorio aeid 
ft.nH evaporat(Ml to drync'sa. Tho rosiduo is 
taken up with 10 c.c. of strong sulphuric acid, j 
about an equal hulk of water Ixiing (cautiously , 
added. After digestion in a water-huth for; 
about ^ hour, the cake of calcuini aulphale is ! 
well broken up by sturing witii a glas-s rod.'^and 
the whok‘ eontemts of tin? beaker aro waalu'd 
into a 200 v- c. fhusk witli ordinary strong alcohol : 
(inethvlnted sjurit), and alioweil to remain for 
an hour with {r(M|uent shaking. 1 h(c contents 
are then made uj) (with spirit) to 200 c.c., again 
well shokiui and iiltered rapidly. Of tlie ch'ur 
filtrate, KK) e.e. (^=2 grams of the samiile) are 
evaporated in a glass or ])orcelaiu basin until thi' 
reeiduo fumes and begins to ‘ char,’ wlieii it is 
washed witli a little hot waten* into a hoakcr and 
mixed with sullieieiit bromine wat(*r to mak(' it 
strongly orange-i-oloured. After standing for 
half an hour, the liquid is heated nearly to 
boiling and jin'cijiitated wdtli slight excess of 
aininoniii, k(q>t in a wuti'r-hul.h foi iia-H an hour, 
and made shgldly acid witli acetic aenl. 'I'lic 
precipitate (whicli, under these eoiKhtions, con¬ 
tains only phosphoric acid, feme oxide, and 
alumina) is llltoied oil, wasliod witli a slightly 
aininoniaciil 20 ji.c. soliition of ainniouiuin 
nitrate, dried, ignit-(Hl, and weighed Jt is then 
dissolved in a litt le liydroelilone acid, I giain of 
citric acid is added to‘tlie solution, which is then i 
made anmioniacal, and the pliosjihoi’io ueid 
dcterinint'd by jireeipitation with magnesium ' 
mixture. 'Phi* total bulk of Huid slioiild lie k(qit 
within about lOU c.c. Jii this case, the jirceqii- 
tato of ainmomuni magn(*sium iihosphato does 
not need ro-solution and re-precipitation, seeing 
that no oxalate is present. The iron is pn'cipi- ! 
tat«d from the liltrato with ammonium sul- , 
phide, 08 in the iinu'eding jirocc^.s, and thn 
alumina is arrived ut l>y ditTerence. 

La.snb ritooBSs Foil Direct Determination 
OF Ai-umina. 

Objex'tion lias been sornelimes raised to the 
fact that, while in the. proeejises already de¬ 
scribed, ferric oxide la detenniiK'd directly, 
alumina, on the other hand, is taken by dilter- 
once. Tile following jiroctKS.'^, os doeoribed by 
H. Laflne, affords a cornx't metlioci for the direct 
determination of alumina. It has been fre¬ 
quently testi'd by the writer of this artieh;, in 
whoso oxpericnco it givtis rcjsultfl sulwtantially 
identical with those obtained by the two 
differential methods already quotoci In either 
caae, whether a direct or an indirect method be 
used, Bucceaa dejiends upon delicacy of manipula- 
tiou and strict attention to the details pro¬ 
scribed. 

Five grams of phosphate are treated witli 
hydrochloric acid, the solution being evajioratcd 
to dryness, taken up with 00 c.c. of 10 p.c. 
hydrochloric acid, and digested at about lOO'^C’. 
for I hour. The solution is diluted to 500 c.c., 
and filtered, 125 c.c. being taken for the deter¬ 
mination of alumina. Five grains of caustic soda 
(free from silica and alumina) and I gram of 
sodium phosphate are dissolved in 20 c.c. of 
dwtiUed water in a nickel basin. Into this 
soliition the 12b c.c. of phosphate solution are 
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poured, with constant stirring, and kept for 
about an hour at a temperature of about 100®C., 
with occaaionol utirring, preferably with a 
nickel spatula. The liquid is cooled, and made 
up to 250 c.c. Ill a glass fhiak. 'riie contents are 
filtered, and 200 c.c. of the liltrat4( ( = 1 gram of 
tho phoHphat(‘ Hiimple) mix(‘d with JIO c.o. of a 
solution of ummoiiiuiii chloride (125 grams per 
htro). Hutlii-icut hydrochloric acid being added 
to (hs^)lve HUidi pnnnpit.at^i aa is formed. Am- 
niouia IS then added in very slight oxc(*««. After 
boiling for 5 minulcH, the precipitate is filtered 
olT, wooshed slightly one*' with water, and ro- 
disvsolvcd through the filter into the original 
! beaker with a htth' 10 }).c. hydrc^eliloric acid, 
tlie filter being waslusl with wat(T five or six 
timo.s. 'J’ho solution ik treated with c.c. of a 
solution of ])urc ammonium phosnhatc (10 
lo-ams jier 100 c.c.), and ammonia added till a 
; permaiuMit pro<;ipitatc is formed, and then 
; sulliciont dilute hydrochloric acid to again 
: (lis.'f.olvt? the priKapitate. 'rhe llmd is diluted 
! to 250 c.c , when 10 c.u, of absolution of ammo- 
' Ilium hvposuijihito (15 granw per 100 c.c.) am 
i jiourixrin. After half an hour’s boiling, five 
■ drops of a saturabal solution of sodium acctat(j 
are a(ld(“d, and. after 5 minutes' further boiling, 
till! iirecipitato is lllturiid off and washed seven 
or eight tmuw with water. The precipitate, 
winch is granular and not gelalitiouH. is ignited 
to (ionstaney, and assumed to have tho com- 
])Osition of' })uro aluniiiiium jihosphate. Ite 
weight multiplied liy 0'418 givcfl tho alumina 
in I gram of the saniplo. 

Analysis of Sin'Eui'HospHATiE, Dissolved 
Donkn, &.C. 

■ Moisture ’ w conventionally determined by 
simply' drying to (ioiiwtaney at 100^0. The roeuit 
should, in such eases, he stated as ‘moisture* 
(t.fi. loss at 11K>"C1.), becaiuie tho figure obtained is 
not moisture in tho true somho, smoo it inoludoe 
a varying quantity of ivatcr of hydration. True 
moisture'can only bo dotormined by drying to 
constancy in mcAid ovt^r sulphuric acici. rho 
result in that coho should bo stated as ‘ true 
moisture ’ (t.c. loss in rncu6). 

Detehminatton of Soluble Phosphate. 

Forim^rly in England, and still in America, 
solubility was determinod by fractional exhaus¬ 
tion with sucecssive small quantities of cold 
water (with or without a final exhaustion with 
hot water). On tho continent of Europe it has 
long been usual to dissolve in a largo bulk of 
water at one ojicij^tion. The former method 
upuallv extracU‘d somewhat more phosphoric 
' acid than tho latter, since some interaction 
i occurs on dilution between the dissolved phw- 
I phori(! acid and the ‘ insoluble phosphate. As 
' this depends upon ftio chemical composition ot 
i the original phosphate, and also on the degfw ot 
i dilution, tho differences in the rceulte obta^ 

’ by the two methods of extraction are variably 
i being sometimes negligible, but oocaaionally 

i serious. , , 

The following method of extraction m 
i soluble pho^hate, adopted at a meetinij of tiw 
I Intemation# Congress of ^plied Cheewtey, Ij 
now usually adopted in England, and » tnft 
1 method officiaUy laid down in 1908* by the 
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Board of Af^rioulturo for iwo under tho Ferti¬ 
lisers and 1‘V‘miin;' StuiTs Act;— 

‘ In the <'a,'^c f>f HujK‘r|)lioH]>ljatos, elissolved 
i>onos and hiiiiilai MihstamcM, 20 of the 

feample I'i- iinitmiintisly a^'itul.cd for ,'iO 

iiiitnO.cs )t) a. litro lla,sk willi HOP ( <■. of water. ; 
'I'h(‘ flask .^liall t'heii In* iillcil to tlic mark, and j 
airain shalvt-ii, and the ('(nitcids aliall he! 
liltftod.’ ; 

'I’iic Diode of deternuiial loll of phosjiliatt' in 
tfu' waiter solution tlius ohtamed is oftieiallv ! 
jireserdii'd as follows ; 

' 50 e.e, ot t he till rati'- shali b^^ hoihsl wit h I 
2tl e.e. <'f eoii'a-nlrated lul'ne acid, and ili<- ■ 
phospliorie aei(] sliall he (h'lernnned by tin* , 
inolytidate nietliia! [>r*‘Heiibed below.’ ' 

OKKK'lAr. Mol.Vi!!).ATK Mi':Tllo|i (HoAlil) OF 
Acuhti TftiK, IDOS). 

''I'o llie solution, wliieb .should preferably 
conl.ain troin 0 1 to 0 2 Ljfatn of pbi .sjihoric ; 
oxide (I^d)-). JOO to 150 e e. (>| nmlybtlie 1 
acid aoltif.ion jirejiaied as (.leserilied lielow, oi ; 
an ('xeess of siicli solution, /.r. more than js | 
Hunieiimf- to priaupilate all tlie pho.spliorie | 
oxide- jiresent m llie solution, siiall lx* added, | 
and ilie vessel eonlainiii;^ (he solution slmll be : 
jihiced m a svater-batii maintained at 70 ' for j 
jr» nnmites, or untd the solution has reached : 
70’. It shall tium Ix' taUim out of tlio balli 
anil allowed to eool. and the solution shall be 
lilU*red. tile pliosjilio molybdate preeijnta-te 
beiri;: w-aslu'd several lames )iy deeantatmn. i 
and jinall_\ on (he [injior with 1 ji.e. nit ric acid i 
Holution. Tlie filtrate ami wasliums sliall be ! 
mixed with mon' niolvbtlic acul Holiilion and 
allowed to stand lor some time in a warm | 
jiliuu* in order to aseertam that the whole of l 
the ])hosj»ljoric oxide 1ms b(‘en jireeipitated. 

‘TliP jihoBplio-molybdiile precijutiilo shall 
be dissolved ni cold 2 ji.e. ammonia solution, 
jiH'pared us desenbeil below', ami about 1(X» e.e. 
of tho ammonui solution sliall iisial for tlie 
Holution and waslnnj^s 10 to 21) e.e. of 
inaemisia niixinre prejiared as deseribod below, 
<*r an excess of stieh mivliire, i r. ninro than 
suflieiimt to jin'eipifale all the jdiosphone 
oxide jireseiit, sliall tlitui be mhled drop by 
drop, with constant stirnnir After stiindine 
at least 2 lioiirs with oieasumal Hlirnne. the 
prortipitnte slinll be liltered off, washeti wtlb 
2 p.c. ammonia solution, dritxl, and tiiially 
weighed aa maLOie-^ium ])vro])liosphat.(‘. 'Tlu' : 
r.ltrate and washings shall Ix' tested by tlie J 
addition of more nuiLinosia mixliire. i 

' (r) J‘r>‘])(iration itf irinh/hiHc ari l so/xZ/ou. ■ 
. ‘Tlie niolylxiic aeid .si^Iutioii shall be jirc- 
pared m follows :—- i 

' 125 prams of niolvbdie arid ami lOb c.c. j 
of water shall be ])lae(‘(l in u litre Hash, and the 
molybdie aeid shall Ni dissolved by the addi¬ 
tion, while the tlaaU is shaken, of fUX) e.e. of . 
S ji.e. ammonia solution, prepared os described 
Ix'Iow’. 400 grams of animonuim nitrate shall 
l>e added, tlie .solution shall he inaile up to the 
mark w'ith water, and the whole added to ; 
1 litre of nitric aeid (sp.pr. MO). T^c .solution 
»phall be maintained at about 05^ for 24 hours ; 
and then filtered. , | 

‘(/) Prcjwm/ion o/t)Wi'/Hf*wm»>/urr. i 
‘ Tlie magnesia mixture shall be prepared 1 
ftfl follows :— I 


‘ 110 grams of crystallised magnesium 
chloride and 140 grams of ammonium chloride 
shall be dis-solvect in 1800 e.e. of water. This 
solution shall be niixefl with 700 e.e. of 8 p.c. 
ammonia solut-mii, and tlie whole shall bo 
allowixl to stand foi' not. less than three days 
ami shall bo then flKciod. 

' (i/) rir/mralii}u oj the ammonia aolutions. 

‘ 'I’he S Ji.e. iimmoiiiii solution shall Ix^ pre- 
pareii ns tnllows : - 

‘ One volumeof ummoiiia. solution of Bp.gr, 
0 HSti shall be mixed with tliiX'c voliiraoa of 
water, 'riiis solution shall then be adjusticd 
by the addition thereto of more strong am¬ 
monia solid ion OI watei as rixjuirerl until the 
spgr ol the solid ion is te'MiT. 

' 'Die 2 p.e. ammonia solution .shall b<‘ pre- 
iiare-l as foMow's . 

‘One volume, of S ]> e. anitnonia solution 
shall fie mi\(Hl with thiee volume,s of water.’ 

d'iie soluble phosphaK' may be determined 
eijually wadi by ajiplying to ItX) c c of (die walH.n' 
evlraet. obtaimal liy the odiciai met.hod of 
extractiun (-=2 grams of the original supor- 
phospliaie) tlie o\alii'-C'il.ric*magm‘siuni process 
as desenlied for raw nuneial phosphates, 
omitlmg the evaporation to dryness ; but in 
dispnt.(!d cases in which litigation may arise, tlio 
niolvbdate method should be used. 

Both ‘soluble ])li(ispluite' and ‘ insoliiblo 
{liiospliiilc ’ in England are alwaiys stated in 
terms ol trieiileium ])hosphale. (in tlio (lonti- 
neid, it IS usual lo stale tliern m lerms of 
with or without a statement of the eiiinvaleiil 
(’a,iLO^ The ‘insoluble' jihosphaie is osti- 
imderl by delermining (lie ‘ total ' phospliato 
ami (liMiueting from d. the solubU* ]»lios[)hute. 

Uetehmination of ToT.\r. rHosniATK IN 
FnKril,ISEK.S. 

'Phis may, in most eas(‘«, be carried out by 
t he iiK'thods alrixidy dc'seribed for the analysis 
of raw mirK'i’ul jilmsphatos, materials containing 
much organic matter being first ineineratod. 

Tho oflieial nielliod })rescnbed in England 
umh-r the Fertilisers ami Feeding Stuffs Act. 
Imwevi'r, wdiich should Ix' adhered to in disputed 
eases, is the niolvbdate method, already dc- 
seribed under Holulile phosphale. 

Tlio oilioial prescription of the Board of 
Agiiculture for determination of total phosphate 
in lert ilisem is*us follows :— 

‘ A weighed portion of the sample, in which 

f iortion, if necessary, the. organic matter has 
leen destroyed liy ignition and the silica ro- 
niovoil by appropriate means, shall lx*, dis¬ 
solved in nitric acid and boiled, the solution 
Ixung made up to a dchnito bulk. The 
phosphoric aciil ehall bo determined in an 
aliquot part of the solution by the molybdate 
method jire-seribod ’ [act above). 

Reverted Phosphate. 

The ‘ reverted ’ jihosphate in superphosphate 
may be determined as follows : 2 grains of tho 
sample are stirred up in a beaker with succeasivo 
quantities of .50 c.c. of water, each portion, after 
settling, being decanted off through a fUter. 
Tlie water-soluble phosphate having boon thua 
approximately removed, the mattor on the filter 
is washed back into tho boaker with a little 
water, and tho undisaofved matter is treat^ 
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with either neutral or ammuniorcal ammonium i 
citrate solution, in Amorica, neutral citrate is i 
used, made by diaeolving 185 grama of citric 1 
acid, ncutralwing with ammonia {using alcoholic j 
solution of cornllino as indicator), and making j 
up to 1 litre. In Franco, a strongly ammoniacn! i 
solution is used, made l)y dissolving ‘100 grams : 
in 1 litre of ammonia of sp.gr. 0 920. 

In the American method, tlie waU'r-inso!id)l(* ■ 
residue referred to is digcslcd with ItHJ c.c of 
(neutral) citrate solution for half an hour with 
frequent ahukmg. In the I'Veiich metliod, it 
digested with 100 e.c. of (amnioiuaeal) solution 
for 12 liour."', uuitaling occasionally duiing the 
first hour. 

The matter umlissohcd liy the citrate solu- ' 
tion is lilleri'd ofT, washed, ignited, and dissolved 
in hydroehkiiic or riitne aenl timl tiie jihosjilutne , 
aeid tletenmned m it. 1'hc dilTereiieo between , 
waler-floUihle jiliospliati' utid total pliosplude 
pive.s llu; nisolubU^ (ineluding revelled) jilios- ^ 
phate. The liilTereiiee lielwcen this ami the I 
jihosjihale undissohetl bv citrate solutmu is j 
taken as ‘ reverted ’ ]iliosplmte. 1 

ANAI-NsIS Ol' li.ASK' Si. AO. I 

In the analvsiH of Imsie slag, it is now usual , 
to determine (u) the pericntage of ‘ iiuu iikmI,’ 
{!>) the pereentia’'e ol tot.il ]iho^jilioile auvl, and 
(c) tlio })cr(*enliigf’ of pliosplione iicjd soluble in , 
a 2 n.o. solution of eitiii' aeid. 

rin(\ Jtnvl .— Tins is determined by sift ing a 
given weiglit of tlie sanqile through a sieve made 
of brass gauze, having ajipiu\iniat<‘iy 10,000 
ujMTtui’fH per Bijuaie ineli, of the, maki’ known as 
‘Amandus Kahl, No. 100 F, llaniburg,’ and 
weigliing the lesiilue. 

Ah the size, ot tin* ajK'itures dejiends upon t he 
gauge of tile wiie, tiu* use of any other make oi | 
pattern of gauge is a no.s,sihie source of dis. , 
cropaney. In well-grouiul slag from SO to StO p.e. 
should pass through the f«ieve. This is called , 
the percentage of ' l''ine meal.’ 

The Mill p/to^j>fi()iic aci'l nuiy be determim d 
aa in mineral iihosphates or as m otlu'r lertiliKCfH. ; 

An excellent method for slag, liowever, 
giving (by an admitted Imlanee of mrois) n'.siiit.s 
identical witli those of the molybdic jirocess. iw , 
UH follovvs : Treat 2 grams of the slag w’ltli 
strong hydrochloric aeid and evaporate to 
dryness. 'Fake up with 15 e.e. of hydroehlone ! 
acid and 25 e.e. of watiT, adding 20 grams of ; 
powdered citric aeid. 'I’he silica Vs filtered off ] 
and washed, and the fiitrat^j and washings 
(measuring about. 170 e.e.) are cooled, a large 
exooHs of magnesium lui.xluro is adiled and about 
50 c.c. of .strong ammonia. The liipnd is stirred 
eontinuoiwly for 15 or 20 niinute.s by aid of a 
Dieclianical stirrer, and allowed to .stand with ; 
occasional stirring for 2 houm. 'J’fio precipitate ' 
is filtorcd olf, dried, igniteil, and weighed aa 
Mg,lCO,. 

N.U.—This ju'oeesB is largely in u.so on the . 
Continent, without oliserva»ce of the initial 
precaution of evapivrating the aeid solution to • 
drynesa to remove soluble siliesi. If fhc slag be ’ 
merely digested with a<‘id and the liquid filtt'red ' 
and precipitated without having been evaporated i 
to di^nese, the rpHultw may lie seriously in exce.sH ■ 
of the truth. Tliia has been point^ out by • 
Bcveral invcHtigatore, but is not yet well j 
recognised. , i 


The phosphate .soluble in 2 p.e. solution of 
citric acid is determined, according to tbo 
method prescribed in tho oflicial directions of 
the Board of Agriculturo:— 

‘ I*ho^pkn(e ■tolubli' in 2 p.e. citric arid button. 

‘ 5 grains of the sanqdo shall bo trans¬ 
ferred to a Htoppen'd bottlo of about 1 litre 
eapaeily. 10 grams of jmro crystallised citric 
acid slmll bo dissolved in water, the volumo 
ijliall be made Uj> t<» 500 e.e., iwid tho solution 
sluiy be atl(i<“d to tho weighed jiortion of tlio 
saiujilc in (lie bottle. To iesHen tlio possi¬ 
bility of euking, tlio portion of the sample in 
the, boUlc may be. moistened with 5 c.c. of 
alcohol or methylated spirit before tho citric 
a' id .‘'oliition IS added ; and in lhat ca«o tho 
volume of tile litric acid solution .‘ihall bo 
495 e.o. mstiiail of 5(H) e.e. The bottlo shall 
be at once fitted into a mechanical shaking 
ajjpaiatus, and shall b(‘ eontmuously agitated 
during 9(1 iiiinub's. 9'lie Holution shaU then 
be I'llU-revl tlirougli a largo “ folded " filter, the 
whole of the liquid being jiourcd on tho paper 
at once. If not clear, the fillrato siiall bo 
again ponroil through t lio same jiajier. 

' 5() e.e. »if th(< lihrate shall be taken and 
tho ]ihospiione. aeid shidl bo delerminod by 
()u‘ mol\bdat '0 method jiroHcnbeil.’ 

It may lie addial that UK) e.e. of the solution 
( -I gram of Ha7n})le) can lio used equally 'Well 
tor the tuolybdaU' determination. 

The ))}iosj)}iate in the citric aeid solution of 
the slag IS frequently estiinati’d by direct pro- 
enntation with magnesium mixturt^ after adding 
a large exees.s of auimoriiiiin (dtrate. 'I’bo results, 
liowever, are inueeurate (being too high) unless 
the (dtrie iic'id solution of the slag is first evapo¬ 
rated to dryne.'?8 with hydnadiloric acid to 
eliminate soluble silica, fhis precaution be 
(akun, tlio results comjmro well with those of the 
molybdate process—wfiieli, on tho whole, is 
(jinckor, and therefore preferable. 

AnaI.YSIH ok VoTASlI Saltm. 

Some eoinmerciuL jHiUsh salts are of oouipleac 
cons!!tutiou, othei-8 at(^ ajipre.ziniately’^ simple 
salts. 'File metiioils of detorinining .such con¬ 
stituents aa calcium, magnesium, chlorine, &e., 
do not differ from those ordinarily employed in 
inorganic analysis, but tlu' essential determina¬ 
tion, namely, that ot potasli, may be described. 
Broadly spc'aking, two methodfi arc in use, 
namely, tho jicreliloric acid method and tho 
platinum <ddoridc nielhod. Tho pcrehloric acid 
method wiis formerly but little ased in this 
country, bub owing to tho great increwe in 
tho cost of platinum-chloride has now come 
into wide use, and* ranks with tho platinum 
chloride method as “ official ” in England. 

'Fhc following are tho details of the method 
for dctcTniiniiig potash in potash salts and in 
fertilizers ofTicially ^rcflcribed in England in 
19lH for use under the Fertilisers and Feeding 
StufT.s Act:— 

* Detetihinatton of 1*ota.sh. 

‘ (n) Muriate, of poUififi fne from tnUphates. 

‘ A weighed port ion of the sample (aboiji 
5 grama in the case of concentrated muriate « 
potash or 10 grams in tho case of low-grade 
muriate) slfall dc dissolvtrd in water, the eollll^ 
tion shall be filtered if ncccwary and made up 




iiiJJttXJlL/JlWJSKiS Utt MAWUJiiW5. 


ivu 

to 600 c.c. 'J’ho ]K»laHh efiall be determined 
in 60 e.c. of tli<' Hulutioji citber l)y the platinum 
chloride metliod, oi’ i»y tlie jHTchloric acid 
imjtliod. j>rewrril>ed below m clauHCH {f) and i 
(/) of thiM paraxnipli. 

‘ ( 6 ) llj jlDillsh (■(IliUlinUliJ HulphulCA. 

‘A wf'j^iln'd jioi't'Kiii of tile uttiiiplo ({iboiil 
6 ^faniH iti llie < ;ise of eoiieentiated Hulfiliato 
of or 10 {/nuiia iti tint ease of kainit (H' 

olber iow-^rade sidts) .shall be boiled witli 
liO I'.c. of bydroeliloib' acid and UOO ^:,e. tif 
water in a hall htn^ llask. Jbiriuni elilonde 
.solution hliall i>c cautiously added, droji by 
drop, to 1 he boilitiy' Holutiou untd the sul|)hui ic 
acid is eoinplclcly [m-eipitated. Any sh;rld 
('\eehs of liaiiuni siiall Ik' ri'inoved bv the a<ldi- 
tioii of the lejLsl ])Ossib]e exces.H of diliiU' sii! 
jilmrie aeid. '*'!ie h<|iiid (without iiltiation) 
hIiuH be cook'd and made up to 600 c c‘. and 
filtered. 60 cc of the liltiiit.c shall !)<■ taken 
and evaporated to dr\’iiess. and ,-«hull llieti be 
inoiHtrncd wit h coneenl rat'Cd li\'dto( hionc 
acid, nj^ain (>\aporated jt» diyncss, treated 
with a idtle <ldute hvdroelilorie acid and 
liltored if m‘e(‘SHar\. I'he jxitash shall lie 
detennined in the lilfiate eifitei hy Die 
])liitininn eldori<k' nietiiod. or liy t)ie |ieie!ijorie 
aeid nietbod, jiresei lin'd helow in <‘hiii.M‘.s (f) 
and (/) of this jiara^M-upli. If ilie solution 
eonlains ])liosj)hat(^H, iron, nian^aiK'se, or 
oilier Huhstanei'H that would iiiterleie will) 
the di'leniiMiatloll oi potash, the method })]'('- 
sei'ibed in clause (() of this piuii^craph is to be 
used instead oi the metliod ])reseMlK‘d in 
clauHo {fi)-' 

(In ealeiiiatiii^ tiie results, infeMiulional 
atomie weij.dil-H arti used, im ludim; iSeubert’s : 
atomic weight for plalmuni, wliieli, in the ^ 
intorniitioiial table fi»r 1011. is ^nen as' 
I06-2.) 

‘ (c) f'olii.vh in Jt/ii (iiisl 

' 'Pen grains of the saiiijile shall he ^’cnli^', 
if^iiiti'd Jii order to ehai' organic niatti'i', jf 
present, and shall then he hoited w’ltli IKK) e e. 
of water. 10 e.<'. ol eonia'utruted Jiydroelilone 
aeid sliall be addeil slowly so as not to eheek 
the boiluif;. wiiieli is to be eoutiinu'd for a ■ 
further 10 minutes aflt'r the adililion of the 
last portions of acid. 'J'he liipiid shall be ^ 
filtered into h half-litre flask and raised to 
the boiling-point ; and to the boiling liijuul 
powdered barium hydroxide is to he adde-d 
until there is slight e\ees.s. 'I'lu' li([uid .shall 
then bo cooled, made uji to 6(K) ee., and 
filU‘Rid. Of the iiltrate, 250 e.e. shall 1 h* 
treated with ammonia wdutioii and exee.s,s of 
ammonium carbonate^, and, while boiling, 
with a little powdered «aininonium oxalate. 
It shall then be cooled, made iiji to 5(X) e.e. 
and filtered. Of the filtrate, 50 o.e. or 100 ' 
e.e., according to the amount of potash 
exjiected, Hhall be cvapfjratcd in a porcelain ; 
dish to dryness. If desiretl, nitric aeid may 
be added during the evaporation after free 
ammonia lias been driven olT. The residue is 
to be heated gently over a low flame until 
all ammonium salts are expelled, t^'ie teiniM'ra- 
turo being carefully kept btdow that oi low 
^ redness. The residue shall bo inoistemHl ‘ 
with ooncentratod hydrochloriotaeid, evapor- 
; ated to dryness, treated with ^lute hy^o- 
ohlo^ic acid, filtered, and the potash deter¬ 


mined in the filtrate (‘ither by the platinum 
chloride method or by the perchloric acid 
method, pi-escribed below in clauses (e) and 
( /) of tliis paragra])}). 

* (d) rola.sl' ni iin<iH<K‘i and mixed fcrlilUers. 

' ^J’en grams of the sample shall be gently 
ignited in order to eliar organic matter, if 
jiresent, and shall Ihcn bo hoatod for 10 
miijute-s with lU e.e. of concentrated hydro- 
ehloiic acid, atul finally boiled with 300’c.c. of 
water. ’I’he liquid tJuill be filtered into a 
half lii.re flask, rai.sed to the bmhug-jioint, and 
a slight e.vei'ss of powik'icd barium hydrate 
shall he addl'd, 'file contents of the flask 
shall be eotiled, iniidi' up to 500 C.C. and 
liltc'red nf the liltnite. 250 e.e. .shall bc 
tieatod with iimiiionia solution and exccHS of 
amnioniuiii enrbonat-{', and then, while 
liiuhng, with a little jHiwch'red ammonium 
oV’ilati', eitoled. made up to 500 and 

Idterc'd. Of tlu' liltivite. 100 ('.e an' to he 
evaporated in a poH'ehiin disli to (iryne.s.s. 

If desired, nitne imid may he addc'd during 
the ('vapoiation alter frei' ammonia ha.s been 
diiveii oil 'I'lu' residue is to i»<' heati'd 
gently over a low flanu', till salts aie e.vjielk’d, 
the tempi'raliiie la'iim eaivfully i«'pt- bi'Jow 
that oi low rc'iliK’ss. The ri'Sidue shall he 
mol,st ('lied witli eojH'ent rated hydrochloric 
aeid. evajioraled to dryness, tivated witli 
dihili' iiydroehlone aeid, and iiltered. 'J’he 
potash shall he (k'toiruined in llu' filtrati' 
('itlu-r by tlie [ilatmum clilonik' method, or 
)>y till' ]»erelil(jn(' acid metliod, pi’escribed 
below in clauses (f) and { / ) of this paragraph. 

‘(e) rialivinu fliloridi niclliod. 

■'fo the solution obtained as above 
di'.seribeil in elanses ((/). {h). (r), or (d) of this 
]iaragra]))i a few drops of hydrochloric acid 
sliall be added, if none is jiresont, and also 
lO e.e. or 2o e.e. (according to whctlier the 
portion weighed was 5 grams or 10 grams) of a 
solution of jilnlinuni ehlunde (lontaining 10 
grams of platinum jier 1(K) e.e. After evanora- 
lion to a syrupy consistency on a water-oath, 
tlie content.s of tlic basin sliall l>e allowed to 
cool and shall t-lu'ii 1 k' tn'uU'd with alcohol of 
sp gr. O’Htkt, being waslied hy decantation until 
the alcohol is colourless. The washings shall 
be jiaased through a weighed or counter¬ 
poised filter paper, on which the precipitate 
shall bo finally eollocU'd, washed with alcohol 
as above, dried at HK)”, and weighed. 

■’I’lie ]>Teejpitate is to be regarded as 
K^,l‘tt'l«, and is to be calculated to itfl 
eipiivalent as KgO. 

(/ ) Pf Ti'hlorir odd method. 

‘ To the solution obtaiiicd as above 
de.scribed in clausi's («). (^>), (c), or (d) of tliia 
paragraph and ])lace<i in a small glass or 
porcelain basin, 7 e.e., or 12 e.e. (according 
to whether the portion weighed was 6 grams 
or 10 grams), of a 20 p.c. solution of perchloric 
aeid (sp.gr. 1 shall be added. The baain 
shall be placed on a hot plate or sand-bath 
and the conU'iits evaporated until wbito 
fumes are cojuously evolved. The precipitate 
shall be ro-dissolved in hot water, a few drops 
of perohloric acid solution added, and the 
whole concentrated again to the fuming stage. 
Aft^ cooling, the residue in the basin diaU 
be thoroughTy stirred with 20 o.o. of alocdtol 
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of Bpeeifiogravity O Bld to 0*812 (95 to 90 p.o. The quantity of material operated upon will 


aioobol by volume). The preoipitate shall bo , 
allowed to settle, and the clear liquid shall be 

S )ured through a weighed or coiuiterjioised 
ter paper, or through a gooch crpcible^rain - 
ing the precipitate as oouipletoly as poHsiblo from 
the liquid before adding the washing solution. 
The precipitate shall bo washed by decantation 
with alcohol (as above) saturated witli potas¬ 
sium perchlorate at the tem[>erature at which 
it is used, pouring tiio washings through llu- 
pajx^r or gooch crucible on wliich tlu' whole 
of the procipitatii is iinaily eollccti'd, dried 
at lOO^C., and w<’ighed. 

‘ I'ho prc(ij»itate is to l)e legardctl as 
KCIO^. and is U) be (“alculaU-d to its eciuivalent 
as KjO.’ 

J-)ETBK.M1NATK)N OF NlTHOClKj; IN FkhT11,1S15RS. 

Nitrogen was foiineily dotermined by th<5 
soda-lirae conihusUon ]»ro<.-esH which w’oh inoditicd 
by Hufflo ((^hern. Soc.'I'rans. IHSI, H7). bo a« to ho 
also applicabici to inixlureB cioiituiiiiiig nitraitii^ 
by means of introducing into the Bo<la luiio an 
admixture of Hodiuni tlii!).sijl])ha1c The soda- 
liiuo process has now, however, 1k‘('U almost- 
universally su|>ei'st‘<lc<l by Kjeldahl's moist Bul- 
phurie acid conibustion proci'ss, inoditiod and 
miprovod by tlie succossivo labours of many 
inveetigtttow. In pn^sent form it is one of 
thy most aeeurato and I'cliahie processts at the 
disposal of tlio analyst.. It camiot bo more 
clearly or conciHoly (h'si’riheil tiian by quoting 
the directions laid down for iu umc in connection 
with the FortiliKora and Feeding Stutlw Act in 
the oflicial regulations of the Hoard of Agri¬ 
culture (IDDS)*— I 

‘ Tile presence or absetu'c of nitratoH must 
first bo ascertained. 

* Nitrofjen in ah/^ence of nitrali'S. 

‘ A weighed jiortiou of llie samjile slinll lie 
transferred to a Kjcldahl digestion flask;, 
10 grams of potassium Kulphatc and 25 e.c. of 
concentrated nulpliunc acid shall bo add(jd, 
and the flask siiall bo hcat<3<l until a clear 
liquid, colourlcBB, or of light straw colour, is 
obtained. The operation may be. acca'lcrated 
by the addition of a Binall crystal of copper . 
sulphate or a globule of mercury to the li([uid 
in the digestion fiosk. 

‘ The quantity of ammonia Hhall be dcUjr- 
nuned by diRtillation into standard acid after 
liberation vrith alkali, and, where mercury ha-s 
been used, with the addition also of fiodium or 
potasHium sulphide solution. j 

‘ A'i7roj7en in mixed ((■riili.'serH xohen nitralcs \ 
arc present. i 

‘ A weighed portion of the sample shall bo ^ 
transferred to a Kjoldahl digestion flask ; 30 ^ 
c.c. of concentrated sulphuric acid, containing i 
1 gram of salicylic acid, shall be added, and ' 
the flask shall be shaken so os to mix its ! 
contents without delay. The shaking shall j 
be continued at intervals during 10 minutes, ! 
the flask bemg kept cool, and then 6 grams of 
^ sodium thiosulphate and 10 grams of potas- 
siom sulphate snail be added. The flask shall 
be heat^ until the contents are colourless or 
toarly eo. Copper sulphate or mercury may 
be wed as above desoribod. 

* The quantity of azumonia shall be deter- 
aimed as above preseribeid.* 


vary aeoording to its nature, in tiie case 
materials rich in nitrogen, from 1 gram to 1*5 
grama may be operated upon. On the other 
hand, in tiie case of matorials composed chiefly 
of inorganic matter, and containing only small 
quantities of nitrogen—like low quality <iissolved 
hoiio com]H)unds—aR much as 5 or d grains may 
ho conveniently operated upon. It is usually 
convenient to maK<! two Htinultancous oxpyri- 
nicnUs on diiTcnmt quautitios of the material, 
such as 1 gram and 1*5 graaiB. or 1*5 crams and 
2 grams. Tlio larger tiio quaulity ot inatoriol 
that- can bci satisfactorily dealt with, the. less, 
obviously, IS the nuiltiplicutum of experimental 
error. lluplicaUs ix«ull.s. m careful hands, 
siiouUl (litTor by no more tiian a few units in the 
second place of decimals, wlion oxpnsjsed as 
perciinlage of uitrogeii in the material under 
examination. 

It )H ixiinl-ed out m tlio rcgulatiooB that all 
the matf.'rialH used in eitlier of the mothocis 
descrilied must ho ('xamined oh to their fniodom 
from nitrogf^n, by means of a control experiment 
(‘iitTied out under similar conditioua with the 
same quaniiliiw of the reagents which are oin- 
ploycd ill tlie actual analysis, 1 giain of pure 
sugar bi'iug auhstituted for tlio weighed portion 
of the sample. The quantity of standard acid 
neutralised in the control expciimont—which 
should be simvll it the materials are good—must 
he deducted from the 1-otnl (|uantity of acid 
found to have Ijoon neutralised in the distillation 
of the sainiiJ(5. 'J’ho ohservauue of this pre¬ 
caution is of vital importance, soeing that small 
quantities of nitrogen compounds are frequently 
found oven in Hulphuric acid sold as pure for 
analj’^sis : while traces of nitrates or nitrites may 
be pi'csent in sodium hydroxide, 

In the above de-scribed modification of the 
Kjolclahl [iroctwH for mixtures containing 
nitrates—duo originally to Jodlbauer—phenol 
may be used, if desired, in place of salicylic acid, 
anti 1 gram of zinc-dust may bo used in place of 
the 5 grams of sodium thiosulphate. Zino-dust, 
like the otlier matorials, may contain traces of 
nitrogen, and must bo carefully examined by 
being included with tlio other materials in a 
‘ blank ’ cxporiinont. 

In the COSO of ammonium «ulphat<i or othor 
material containing nitrogen in the form of 
ammonium solts only (other than ammonium 
nitrate), the nitrogen may bo determined by 
simple distillation with alkali. 

Dderjnination of nitrogen in seHlium niiraic or 
in mltpHrc. This may be carried out by several 
methods. One of the most convenient is tho 
Ulsch method, which in the regulations of tho 
Board of Agriculture is doacriheu as follows ;— 

‘ One gram of the sample shall be placed 
in a half'litre Erlonmeyer flask with 60 c.c. of 
water. 10 grains »f reduced iron and 20 c.c. 
of sulphuric acid of 1*35 sp.^. shall bo added. 
The flask shall be closed with a rubber stopper 
provided with a thistle tube, the head of wmoii 
shall be half filled with glass beads. Tha 
liquid slftll be boiled for 5 minutes, and (he 
flask shall then be removed from the 
any liquid that may have accumulated amo^ 
(he b^kds Iwing rinsed back with water into 
the flask. The solution shall be IxHledl foil 
S minutes more, and the beads agun 
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with a little watrr. 'I’lie quantity of ammonia | ficially by iiieana of J'crkin’l< reaction by heat- 
Hhall then be (ieleruuueti ius above jiroRcribed. ing together vanillin, acetic anliydridc, and drv 
{Sa-. Mitroiji'H ni al'Mi iii'c of mtdium acetate, and decomposing the acetyf- 

‘ In castw HI which th(^ juoportiau of i fcrulu^ acid thus formed with potash (Tiemaun 
iiilnilcM sniaij, a Jaigc r (juantjty of tlio and Nagai, Ber. Ib78, (547); also by treating the 
snuij)lc hIjiiII be taken.’ methyl other of /^amino-w-eoumaric acid with 

(Jiiii’uil oh-'iiiilioiiN Its to ’})ri>ixiTirt(/ t-fwiplex sodium nitrite and de(a)nij)()sing tho diazo- 
J'‘r aiiiili/xis. In the ('Use of all .samples, wlicther compound tliiw jiroduecil with water (Ulrich, 
of feriilisct.s or of luw muteriulH for u.se ju their .1. issri, ; cf. 1). B. P. 32!ll4 ; Frdl. i. 588). 


inanufurtuj't^, it is (il)Vioii.sly iiiqiovluut' to 
oltliiin a t.linruiiglily i'e[)iesenlutive jiort#on for 
aniily.sis. I'n thus end it. is usual, ni the ease of 
juiwdered fertilmen^ in dry or modeialely diy 
eoiulitioii, to ]iass the smiiph' llirnugli a .sieve, 
tlu' iicrforatinns of wliuli ere about. I nun. in 
diaUK'I.er. puhc'iifling tlie poitions at lirsl le- 
tained mi the sieve either in a mortar oi. bettei, 
in a suilaliie mill- until tliey pass ihruugli 
Adventitious ninlenais whieli eaiinot be ron- 
veniently enislied, sm li as fiuginents of metal 
HonietimeH found m basic slug, imtst, ]>e removed 
and weielied, and sul)s<'i|uentiv allowial foi’ ni 
ealriilnting the Jesuits ot tlie nnal.\sis. ,Some 
nmtoriids, hke sliutidy. wtsil \civste, or hair, 
euuuot be ]i(<udr-red. but. as a j’lile lliey can l>i' 
ptVHsial tfiroiigii a sliredditig luacliitie ; oi, if tins 
i.s not. possible, tlle^ iiiiisl. b(' liiiely cut. up by 
Imtifl. Some moist feililisr-rs do not a.rlmit. ol 
b''iMe pas.siai f lu'oiieii a sies I', and m dealing wit li 
tli(‘S(' the analyst, must, u.m’ his discretion as trr 
the best, mode rd obf.iiniug an a\eiago sauipli'. 
(h'Vstalinu' or snhne uuit.e!mis, like i(miuniimui 
sulphiite, ])o1a.s!<ntm i lilonde, kainit. or sodiiiiu 
nitrate', are la-st piepan'd iiy nu.\ing and 
rapidly grinding in ,i. stoneware inoitar, tlu' 
portimi t('M‘r\ed foi iiimlysis lieing especially 
jinely giouml. Jn the ease of many moist 
malerials. espeemlly tilu'ons materials like shoddy 
wool waste, or lou'.di lisli guano, moisture is 
inoMtalily lost diinm: the jirefiaration of tin* 
sainph'. if- js Ihmvfore n(‘ees.sa.ry to sejuirately 
delei’inliir the moisture in a large average portion 
of the original material before ju’oeeeiiing to 
fmlverlse the renmiiider. The moisturc' must 
alsrt be determined in the tine material as pre¬ 
pared for analysis, and the results of the analysis 
reeaieulated so as (o re})re-simt the ^leiientages 
present in the sample in its original nuust eon- 
dition. In tlie I'juse c.f raw mineial })tiosj)liates. 
it is usual to (leK'iimne the moisture in a rough 
naiuplo separuti'lv taken for tins purpose, and 
to coniluel. the rc'st of the jinaly.sis on a sopa- 
rati'ly pri'pai'r'd lino portion, after drying the 
latter at IdO’- the result.R Ix'ing returned on tiie 
dry basis, witli a simple .statement at tlie foot 
of the analysis of the jM-reentage of moisture in 
tho rough samjih'. Ibit in tho case of almost 
all other mat-cnals, tlie ri'aultx of tho analysis 
arc returned ax porec'iitago.'i of tho material in 
its original moist eoiuiilion. H. L>. 

FERUUC ACID. m. 3/r//tarv - p - ht/droni- 
/CH-.di-I UO.a (l) 

cbimjmiVar('/(\H3v OUHa (it). Occurs 

N.)H (4) 

in asafcBtida n'sin (lUasiwetz and Barth. 
Annalen, 138. (H): in ojaipanax (Tsehireli and 
Kuilt, Arch. Bhann. ISlMf, 258), and ?a the rwin 
the' black Ur (Bamberger, Mouatsh. 12. 441). 
ft alc(»holic extract of asafmtida resin is pre¬ 
cipitated with ItMul acetate, and tl^ preoipitftt<i. 
confliating of lead fcrulute, is dcoomposea with 
sulphutio uiiid. It has Ixxiu prt'parcd arti- 


Bliombie ueeillcs, melting at 18,S°-I(>h'^, almost 
insDlublc in cold water, readily hoIuIjIo in alcohol, 
less soluble in ether (Tienmnn and Nagai, Bor. 
1 h7<), 418). The solution gives with lead acetate 
a yi'llow' floeeulont. |iu'<'ipitate, with ferric 
elilorule a yellowish brown [ireeipitate, reduces 
siK or nitrate and Barreswirs {i*'olding’s) solution 
on warming, l^'iisioii with caustic^ potash converts 
it. int.o acetic and prot.oc.ileeluiie acids. ISodium 
amalgam reduces it. to livdrofcriihe aeidUjQH j , 04 . 
FETTBOL ?•. Boi.io.' 

FIBRIN V. jti.oon and .1 ‘uoteins. 

FIBRINOGEN v. Bi-oon ami l*uoTEm.s. 

FIBROLYSIN. Tnidc name foi a eombimi- 
turn ot thiosinainiiu' and sodium salievlalc. 

FICHTELITE. A hydrocarbon ('.gH,,, 
loiind ns white or yellowisli plat-y crystals and 
eiystiilline enislh in the ere\ ices of lignified piuo 
wood m peaf-liogs 'I'lu' monoclinic crystals, 
bolli natural erysUds iind those obtuineil by re- 
crystalhsiiig U’lo material from alcohol or 
b('n/ene, an^ interesting on neeouiit of their 
lieMiiiiiorjihio. dcvelojunent. then' licing, as in 
crystals of cane-sugar and tartaric acid, no 
plane of syinmelry. Sji.gr. I'fll; in ]). 4(1"; 
b,]) I5r>5'2'; Kpeeiiic rotation in solution in 
elilorofoiiu 1 18'0SAmilysis gives; 

C S(b7!), il 13'02 }).c. ; th(' vajiour density is 
8 8; and tlie niuleciilar weiglit, determined by 
tile cryoseopic method in iienzene, 2C4'2. It 
lias a high degree of stabilil.y, and can be dis- 
tilU'd over rod hot I(‘ad oxide without decoin- 
jjositKm; derivatives an' lonsequontly difficult 
to obtain. C).\idation w’itli clii‘omi(' acid in an 
acetic acid solution yield.s tw'o acids, the silver 
salts of winch ate UjH-O^Ag. 

On distillation midi'r 271) mm. ]ircssure the bulk 
gdC.s oNor at 2t)0'-21)r>' as a nearly colourless, 
viseoii.s luiuid with a splendid blue-violet 
lUioroseencc ; this is dehyclrofiehtelitc UigHao. 
Loealitie.s whore liehtelite has been founu arc 
Kedwil/- and several other plaei'S in the Fiehtel 
Moiinlams id northern Bavann, KollxTinoor 
near Bosenheiin in southern Bavaria, Borkovie 
and other plaeivs in Bohc'mm, HaiuUorth in 
Clu'shiit'. !Shi('lding in Ross-shire, &e. For a 
leview of the literature, .mc A. Schmidt, Ccntralbl. 
.Min. lfK)I, r>H); F. J’izak and V. Rosicky, 
Zoitseh. Kryst. Min. ltK)8, xliv. 332; A. Rosaii, 
11)12, 1, 128. L. J. S. 

FICOCERYLIC ACID CV.Ho,('OOB. m.p. 
57"'. is obtained from the wax of tlie wdld fig*trcc. 

FIG. Fieux enrira (Bmn.). Many varietiea 
arc known, varying greatly in size of fruit—from 
8 or 7 gram.s to 80 grams each—the aver¬ 
age weiglit of tho fre.sli ripe fmit being about 
35 grams. 

Arconling to Uolby (Reports of the Agric. 
Kxp. Stat. California, 1892-1894), the average of 
41 analyses of different varieties is— 

4?&ler Sugar Protein Ash 

7B'U 15*ft . 1-4 0-6 
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The juice, smopiiting on the avera^^ to about 
7€ p.c. of the whole, contained 20*7 p.c. of 
nigar and 0*12 p.c. free acid ospreeacd as 
BulMar triozide. 

Balland (Rev. intom. falsif. 1900, 13, 02) 
found more water, leas nitrogenous matter, and 
in addition about 0*28 p.c. fat, and 1*5 p.c. 
crude fibre. 

Colby found the ash to have tho following 
composition (nnian of 3 analyses):— 

AIjO, i: 

Na,0 UgO Cal) MUgO^ FcjOj SO 3 SiOj (U 

55*8 2-4 5'« 11-2 0-2 2-2 12-8 3-9 4-3 2*0 

Kigs arc eaten in liie fresh, nj)o staU) in 
districts where they arc grown, hut, for (“xport, 
they are largely dri(‘<l. 'Die following is tlio 
average comjioHilion of dried ligs (Koiiig): - 
Vreearld(as Other caibo- 

Water Protein Sugar Malic add) Fat liydrutcs Fibre Ash 
28-8 3-t) 51-4 0-7 1-3 5-3 t> 2 2*7 

Tho seeds of tlned iigs, aceortling U) Hallund 
(?.r.), contain— 

Water Prolclii Fat Curbuliydrates Fibre Ash 

7-7 12-0 24-(i 23-4 2!)-H 2*0 

Hotter (Zeitsch. NahruiigHtii.-Unters. Hy¬ 
giene u. Waarenk. 1895. 9, J) found, in dried 
figs from Smyrna, 0‘tH)ir> p.e. of hone acid. 
Wittmann (Zeitsch. landw. Vei-Huehs Destenreich, 
1901, 4, 131) found 0-83 i>e. pentoaaii.s in fresh, 
3*8 p.o. in dried figs. 

According to analysw by rH]a<lino (Bio- 
chem. Zoitscli. lOKh *24, 2()3), the following 
repmaents the I'oinposition of green and dried 
figs ;~ 


C B s 4) ,3 5 

Croon figs, pulp 80*0 t)'7 O IJ l(i'2 1'3 0*8 0 7 
„ „ skin S()*0 (V) 0*1 3-4 5-8 2*7 (?) 

Dried figs . . 57*0 4-1 2*2 2(i*0 8*0 0*2 2*0 

It thus ai)])ears that the proportion of water 
in dried figs \ aries greatly. 

When figs are moistened with warm water 
containing tartaric acid, they speedily ferment 
and yield a wine. This is largely made in 
Algeria, and is used for adulterating grape wine. 
When fig wine is evajiorated tn a syrup and 
allowed to cool, it. solidifies, after 24 hours, to a 
crystalline mass consisting chiefly of mannitol, 
but containing glycerol and small quantities of 
sugar and organic acids, Mannitol is jiresent in 
fig wine to the extent of 6 or 8 grams per litre, 
whilst in grape wine its amount docs not exet*^ 
a few decigrams per litre. Tliis fact may be used 
to detect fig wine as an adulterant of grape wine 
^Cables, Compt. rend. J801, 122, 811). 

The stems and brancheo of plants of the 
genus Ficus yield a viscid, milky juice containing 
caoutchouc or resinous substances resembling 
caoutchouc. F. chstica (Roxb.) is the SMci^ 
from which tho large's! proportion 01 this 
subst-ance is obtainable. * il. 1. 

FIG WAX V . Waxkh. 

FILBERT. Tlie seed of Corylus Avclhna 
(lann.). The kernels have tlie following average 
composition (Konig):— 

Bolubla 

Water Protein Fat Carbohydrates Crude fibre Ash 
7*1 17*4 62*6 7*2 3*2 2*5 

voL. m.—T. 


These were evidently in the dried oo&dltion; 
as usually eaten for dessert filberts omtaln^ 
much more water. The essential oil of the 
loaves was examined by Haensel (Chem. Zentr. 
1909, i. 1476), who found it present to the extent 
of 0^ p.o. It is light brj)wn in colour, solidifies 
at about 30'^, contain 18 p.c. of palmitic acid, 
and a paraffin hydrocarbon melting at 49®. 

It had an acid value 60*4, ostor value 24*6, and 
its s}).gr. (in the super-eoolod liquid condition) 
was 0‘8S44 at 25‘\ H. I. 

fTlicic acid V . Filix mas. 

FILITANNIC ACID c. 1'ilix mas and 
Tannins, 

FILIX MAS (B.l».), Aspidium (U.S.P.). 
.Male fern ; Jilitzouia fUcis. {Hacine de fouffire 
in<U(\ h’r.; Fiirinourzii, Gor.) The rhizome of 
male fern; Aspidinin filix vuis (Swart?.), has been 
a favourite antlielminlic medicino since the 
iimc.s of 'riieopliraetus, Difbicorides, Pliny, and 
(ialen. (For botanical characters, v. Woodville 
(Med. Hot. 271), Moore and Lindley (Ferns of 
(Jrcat Britain, 14 17), and Hontl. A. Trim. 
300.) 

I Tim early cliemieal inv(*«tigationfl of tho 
I rhizomo (see Fcreha, Mat. Med. 3rd ed. 2, 959, 
i and Poulsson. Anb. exp. Path. Pharm,, 189l» 
i 29. 1) wliow tiiat, bcHirloH the constituonta 

' common to plants, it uontainH a peculiar green 
\jixcd oil, tannin, and a crystalline compound, 
j first arialyHcd by Luck (J. 1861, 658) and named 
by liim Jilicic (ichL 'J’hwo constituonte are all 
j found in tho ethereal extract or ‘ oil of male 
j fern,' in whicii fonii alone tho drug is made use 
' of in medicine. 

The green fixed oil is curnjioaod, according to 
I Katz (Arcli. Pharm. 230, 066) of the glvcendes 
of ol(MC, ])ainnt]e, and cerotie acids, the chief 
constltuont being triolein. 'J’hc tannin, 
or Jilii'iiannic acid, is, according to Malin (Anna- 
Icti, 143. 270), a glucoaido; WoUonweber 
(Arch. Pharm, 1900, 244, 406) gives it the 
formula ('4,H44024N,2Hj0 (?). lbs aqueous 
solution froths. 

Filicic acid <!i)Jl420i3 or C31H40O1, is an 
amorphous colourlosa powder, melting at a^ut 
; 126“, and physiologically active. In boiling 
i ethereal solution it is converted to its lactone 
: filtct7i GapHjjjOi.i (Poulsson, I.c.), or Oa.HaiOn 
' (Bochin), This anhydride is inert ana fonos 
! small yellow, rhombic leafiots, m.p. 184*5®, It 
1 is insoluble in water, hardly soluble in ©old 
alcohol, readily in hot. By careful treatment 
with alkali it can be retranaformed to the active 
acid (Poulsson). An insight into the constitu* 
tion of filicio acid has been obtained by Boehm, 
who has isolated a number of other orystaUine 
substances from fchi extracts, and has made by 
far the most important contributions to our 
knowledge of the subject (Arch. eiro. Path. 
Pharm. 1897. 38, 36 ; Annalcn, 1898, 301, 171; 
1899, 307. 240: 4901. 318, 230, 245. 253j 
1903, 329, 269, 310, 338). All tlw substonoes 
isolated by Boehm appear to be either xnethyl- 
atod phloroglucinyl]»ropyl ketones, or to con¬ 
sist of two or three such ketone aiu^ 
joined flbgother by one or two methyicatf 
groups. 

Aspidivol CtjHrtO*, bright yellow frj i Mji -; 
m.p. 156®-f6l®, is the simplest of these Sld>< 
stances. On boiling with zinc-dust and lodim 
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hydroxide it ia decoinpoeed to metbylphlorO' 
ghiciiioimonoinethyl ether and n<butyric acid. 
It probably has the constitution— 

.CMe—(J(OMe); 

hoc/ ^O-CO-CH.-CHj-CH, 

'^CH -- C(OH)/ 

(6Iicic acid^, on the other band, is the 
must oomplex> and cunsistfi of threo such kotonc 
nuclei, joined by two other carbon atomy. On 
boiling for a short tune with zinc-dust and 
sodium hydroxide »t yields, amongst «Other 
products, ‘ filicinio acid butanone,’ m.p. OO®-!!?", 
which is iBomeric with asjndmol, and liua the 
constitution-- 

/CMcj-qoH) 

OC< ■C-CO-CK^CH.-CH, 

'^CH (^(OH) 

or one tautomeric witli it. 

By more jinilongod boiling it breaks up into 
«*butyric acid and f/rm-diinctliylphloroglucinoi 
(filicinio a<nd). 'I’he ]atU;r substance gives, on 
(Acidation, dimotiiylmalonic acid. 

Tho other Kubstances isolated by Boehm are 
composed of two ketone michu joined by ono 
motnylooe grouji. 

• Aibaspidin t-ajUdaO,, ncedloH, m.p. J4S", 
oonsiste of two lllieiiiid acni bntanono residups, 
and can bo'Hynthesincd from this ketono by 
means of formuJdehyde, whence the constitution: 
(IMe,. CMe^ 

()o/'''('(iH H(x/\c;o 
li II ! 

miO'ii. c-cii.—,C'CO'Pr> 
cull COH 

Phlortm^iin (Vallj#Og. colourlrws needles, 
m.p. 211®, IS similarly liiiilt uji of mcthylphloro- 
gIueino]<?i-butanone, aiul the methyl othor of 
phIoroglucinol-7<-hutanono. two isomeric ketones 
Oj.HjiOj, lower homologues of those already 
referred to. 

Flamn'pidic ncid t-jillifiOj exists in two 
modifications, melting at and Ififi®, and 
appears to have on one side a fouv-membered 

nng— 

OMe (J-OO'f’aHy 


0C'''''CO[[ JIOC'^N'OH 






CO 


C-Cil,—C CCHj 

\c 

con 


By boiling hydriodic acid it is reduced to a 
xantheno derivative— 

00 -CMe 0~O*C(CUl’r“)-0-0U 
I ‘11 II II 

Pr^0<J: C(OH) 0 CHa C C(0H)—CMo 

With the exception of lilicic acid, all the 
above subetances occur alsl5 in the rhizome of 
Atpidium B'pinvlofnim (Swartz), in which tho 
fUido acid IS replaced by a»pidin C.^5Hs^O,, 
m.p. l24'6®(*apoly8tichin, Pouljwon, Arch. exp. 
Path. Phann. 1898, 41, 24G). As the ^tter fem 
is often confused with A. filix »»<M.^ho com- 
extracts of male fem may contain 
as well. The substance may be rec<^> 
aim in the crude extract by ci^^talli^ion 
(Hausmann, Arch. Pham. 1890, 237, 644; 


' Hausm&nn and Boehm, Annalen, 1903,320,321). 
1 Aspidin has most probably the constitution— 

; CMe^ O-CO-Pr* 

i 0C/\C0H HOc/ViOH 

i I ! I i 

IWO-C. /C—OH.;-C^yiMe 

COH COMe 

being built up of asjiidiuol and filicinio acid 
butanone. On reduiition with hydriodic acid 
th<' saino xanthene derivative is formed as is 
obtained from flavQ.spiciic acid. 

Most of tho above Bubstances are physio¬ 
logically aetivo on tape worms and other lower 
animals (Boehm; iStraub, Arch. exp. Path. 
Bharm. 1902, 48, 1); tho simplast one having 
any degree of activity is iilicinic acid butanono; 
lower degradation products arc inactive, it is 
diflicult to attribute the anthelmintic action to 
any one substance in j)articular. but, according 
to Kraft (Arch. Phann. BK)4, 242, 4H9), this 
action is jirimarily duo to yet another substanee, 
Jilnuiroiir., more complex than any isolnted by 
Boeiim. Kraft Btates that good extiacta of 
nialo fern contain 3‘5 p.c. lilicic arid, 2‘.'5 p.c. 
riavaBjudic add, <)-U5 p.c. albasnidin, 0‘1 p.c. 
asjiidiuol, 01 p.c. llavaspidin (probably identical 
with phJoraspin of Boehm), and 5 p.o. filmarono. 
The last subatanw. is an amorphous 

brownish-yellow add, molting at about GO®, and 
consistirig of four diffei'ent phlorogluciny! ke* 
tones. Boiling with zinc-dust and sodium 
hydroxide docornpoHos it into filicio acid, 
aspidinol, and various other substances. Whether 
lilmaronc is a chcmicul individual us not clear, 
but it Hoems to have met with a certain measure 
of eUnioal success. 

For cases of poisoning by fem extracts, see 
Poulsson (Arch. exp. Path. Phann. 1891, 29, 1): 
for dotoction of lincie acid in such ease,s, «fc 
i Bocohi (Ohem. Zentr. 1890, ii. 1137). G. B. 
FILMARONE v. Filix mas. 

FILROLYSIN. A mixed solution of allyl- 
thiourca (thiosinamino) and sodium salicylate. 
Used in the treatment of lupus and in softening 
scar-tissue. 

FILTER-PAPER. The high-grade filter- 
^ paper used by the cholnist for analytical work 
; is usually made from cellulose obtained from 
I flax or cotton, mostly in tho form of waste 
; material as yam fabric or rags. Cotton cellu¬ 
lose is preferred owing to its low hydrating 
power, as compared with linen cellulose, under 
tho action of ‘ beating,’ resulting in what is 
ttirmcd a ‘ free ’ pulp, imparting ‘bulk ’ or soft, 
noss to tho paper on which its efficiency as a 
filtering medium largely depends. 

The filter-paj)er used in analysis, or for 
chemical work in general, should bo as free as 
possible from inorganic matter. Lime and 
other inorganic impurities may be introduced 
into tho pulp by tho water used, or by the 
I oiiomieal operations in tho paper-mill, such as 
: bleaching. Iron ofid cop|)er may be present 
; from want of care in sorting the matenal em- 
ployod. Silica and alumina may be owing to 
I tho presence of kaolin in the rags. The oiganic 
' impurities consist mainly of starch, oil, and 
I resinous matter—the last due to the natural 
^ presence of rosin in the oottem fibre. The 
i stMoh arises prinoipeUy from the dressing in tibe 
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bnatment with boiiix^ dkMi imd Bubeequent 
iraahuig to which Uio rags are sobjeoted. The 
imaU amount left in the pulp has the effect of 
'aising/ and thereby impairs the absorbing 
power and filtering speed of the paper. The 
Bmount of oil left in good filter-paper is usually 
oot greater than 0*07 or 0 08 p.c. (Bovan and 
Baoon, Analyst^ 1916. 159). 

According to McBride and Scherror (J. i 
Amer. Chein. Soc. 1917, 39, 928), liltor-papcr i 
Frequently contains reducing substances which 
Bire extracted by the solutions passed through 
the paper, and which cause the filtrate to (ic- 
Dolonse dilute permanganate solution, such as 

^ especially when the titration is made 

on the heated liquid, whereby a relatively con¬ 
siderable error may be caused. The experi¬ 
ments indicated that the main bulk of the 
reducing matter is extracted by the iiret portion 
of the reagent passed through, and that if the 
filter be washed with 26 c.c. of th(? reagent before 
use. filtration and titration may bo carried out.. 
even on the heated liquid, without sensible error. 

FILTER PUMPS. The filter pump is gene¬ 
rally some form of dynamic air pump, yjirengcl, ; 
in 1865 (Chem. Soc. Trans. 18, 9), showed how ! 
a very perfect vacuum could be obtained by tlio | 
fall of mercury or other liquids, and Bunsen, j 
in 1868 (Annalen, 148. 277), showed how the i 
difference of pressure so obtained could be 
utilised in greatly improving the ordinary 
process of filtration. 

This app)ic{itioii ho^ given a name to ail 
these instruments, though they are applicable to 
nearly all the purjjoHcs for which any oidinary 
air pump or aspirator might be used. Many o‘f 
them, with a continuous supply of falling liquid 
or of steam or other gas, under pressure, arc 
almost automatic in their working, and far mure 
convenient than any piston air pump. 

The pumps used in lahoratoriee are of three 
kinds: 

1. Barometer or weight pumps. 

2. Momentum or pulsation purajis. 

3. Injection or pressure pumps. 

1. Barometer pumps. Of tlicso there are 
two varietisB, the statical or (Jeissler pumji, and 
the dynamic or Sprengcl pump. l 

Tne Geissler pump was invented about 1855 j 

S f Geissler, and in it air is exhausted by the I 
teroate emptying and filling with mercury of ! 
a vessel forming the upper part of a barometric j 
oohinin. It is simply an application of the 
Torricellian vacuum. Geissler used this pump 
in the production of his vacuum tubes, and since 
his time it has been modified and improved by 
many inventors } Toplor (Dingl. poly. J. 1862, 
^3), also Poggendorf, Mitscherlich, Pfliiger, 
Joule. Bud others. 

The Sprengel pump, in its simplest form, is 
a p la i n tuM of small but uniform ^re, and of a 
length rather greater than that ^ the barometric 
<> nlwinn of the liquid used in it. It is furnished 
with a side tube near its upper extremity. The 
eontimions filing of the liquid, generally mer- 
ou^ or water, produces the exhaustive effect, 
whioh is slow at first, but can be made to give 
a.nfwe perfect vacuum than is posdblo by any 
MW means. The improvements of the Sprengel 
keen chieAy towards quickming its 
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action, and have been described by MoLood^ 
Swan and Steam. Gisuagkam, We^old, and 
othen. Crookes’ experimente on the radio¬ 
meter and radiant matter were rendered possible 
by the use of the Sprengel pump, and in ^ 
manufacture of incandescei^ eleotrio-lishting 
lamps those barometric pumps have had a 
considerable indastrial application. The Spren* 
gel pump, worked by water, was that used by 
BuuHon in his improved mode of filtration, and 
this a(T()lication—the most important to the 
chemist—gave rise to the many inventions, 
described ^low in this article. 

2. The momentum or pulsation pump. This 
I was dwcriLicd by Jagn, in L872 (Pogg. Ann. 148. 

! 317). It consists of a plain tube> of moderate 
I length, with side tube near the upper end. In 
I action, the soft indiarubber tuba connecting the 
I apparatus with the water supply (of a very 
I moderate fall or prosuuru) is ingeniously made to 
: act us a valve by which the water is alternately 

! admitted and shut off. Wo have thus an action . 
j similar to that of the hydraulic ram, in which 
the momentum of a column of liquid comes into 
play. In the rain, water is raised in front by 
the momentum ; in this jiump, air is pulled in 
beliiiid. Modiiicutioiis of the Joan pump have 
boon (ioscrilnxl by Thorpe (Phil. Mas. 1872, 249), 
also by Foote, Liimcinann, and 0. Witt. As 
tiicso pumjis are intermittent in their action, 
they work more slowly than others which are 
contmuous, and have been superseded by them. 

3. Injector or pressure pumps. These con¬ 
sist of tubes of various forms, but generally 
fumiKhod with a jet or narrow neck, in front of 
a wider neck or expanding mouthpiece. Any 
luiuid or gas under pressure, such as water or 
sUiam, may be used to work them, and in any 
position. 

They are similar in principle and con¬ 
struction to the water pump (Fig, 1) described 



by James Thomson ((B. A. 1852-3) or the 
Giffard steam injector, patented iiv 1858, The 
rincipJe of the injector was, however, partially 
nown long before. Hawksboe, in 1710, found 
that on blowing through a tube into a small box, 
the air escaping by another tube opposite the 
first, the pressure in the box became lees than 
that of the atmosphere; and D. Bemouilli. in 
1738, found that water from a higher source 
flowing towa^ the wide end of a conical tube 
; could lift w^r from a lower level throogh ^ 
side tube attached near the narrow nut oi 
the conical tube. Between 1830 and I860, l^ff 
steam-jet aspuator was used W Canon. 0. 
Stephenson, and othen. Cement \aild 
Desormee. in 1866 (Ann. Ghim. Phyff. 36. 63), 
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Hhowod that a light jiiato brought tioar a email 
orhtco ID tho Bide of a roB(Tvoir of coiiipressod air 
waa attracted, and remained rapidly oacillating 
near the ojioniiig, This elfect can be shown 
by blowing between the lingers againat a piece 
of jmper, or by l:^)wing between two carda, oa ' 
deacribed in W'eiuhoid’H Physics, 312. All I 
these ex|j(‘nmentH are examplca of tlie passage 
of a Hind through an expanding mouthpiece, 
causing a tiiinini.sned priissure as conij)aiud with 
tliat in front, wliicli in ea<-h ca.se is thafof the 
atmospheric. 

The lirst injector air jcunij) for laboratory use 
was that of ('liristiansoji, described 
in 1S72 (Pogg. Ann. I'Jti, ir)r)). in 
h'ig. 2, A IS a ])ieee of thick-walled 
indiaruiiber tubing, perforated at. 
n by a hut w’uv, and constneted 
at (! by a ring drawn over the ' 
lul>e. On msortmg at ii a sliort 
pie<‘.o of hent glass lulling drawn 
out to a ji't, and conneeling the 
top end of a with tho water 
Hupjiiy under moderate firoHsure, 
air is drawn in through tiie 
and a eonsidorable vaeuum ob- 
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bent Lube 
tainted. 

Other early forms of mjectors weiv described 
liy Lovett {('liein. News. May, IS74, 209) and 
CWmajor (jh/d. June 27, 1875, 33); and soon 
after tlmse dates numerous forms were invented 
for tho use of cliemisls, dontifits, &c. 

The experiments of W. Eroiido (li. A. 1875), 
tlioiigh made for a ddlercnt jiurjiose, afford an 
oxcollent e.xplanivtion of ilm action of injectorB. 

Froudo showed tliat water undiu' any liead ii 
(Fig. 3), jiassing through a eoidracted pipv, does 

» A f ! 


no movoinent, while at u there is no prossuro, 
but very rapid movoment. The pressure and 
velocity of movement are tlierefore convertible 
and complemontary, and the differences of 
pressure at any two points vary as the differences 
of tho squares of tho velocities at those points. 
In any given case tho pressure observed, j)hi6 
that whicli has been lost in producing velocity, 
is constant and equal to the total head of water H 
(Pigs, 3, 4, 5). If we modify Fioude’s experiment 
and cut oil the pipe at n (Figs. 4, 5), the pressure 
at K is simply tho general pressure of the atmo- 
Hplicrc, and all tlic presHuro due to the head of 
water in a hius been changed into velocity, but 
tho velocity at c must be greater than tho 
velocity at j£ by as many tinic.s ns the sectional 
area of the jiijic at c is contained in its area at B. 
'File velocity at o being so , 
much greater than at K, 
the juesHure must be le.ss, 
and therefore loss than tliat 
of the atmoKplicrc. The tube 
a (Fig. 5) may be regarded 
as a gauge to show tbo 
mimiH presHun.', and if tliis 
gauge be Hiipplied w ith mer- 
I'ury, tho latter may rise 
to near tho height of the 
barometer, lii placo ot 
water or liquid under jiros- 
sure, air, steam, or any 
gas under ju'essuro may 
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he used, and injector air punijw worked by 
steam have been proposed by Lovett, Koehinko, 
T'cclu. and othois. 

Injector air pumps, worked by water, may 
be cliwsihed : 

(a) As III Figs, b, 7, wliorc tho water enters by 
a jefc jilacod over u constricted tube or neck, the 
air boiiig drawm in on all aides round the jet of 
I water. 'I'he ratio of tho areas of the jet and 
I neck m this form is generally 1 :2, or their re- 
s]icotive diuiuotors 1 : 1*4. 


Fio. 3. 

uot oxort an oxccss of pre.saurc on the converging i 
surface, winch it meets, aa is frequently stated, 
but that the jiriasure is least at the contracted 1 
port, as aliown by the levels m the gauge glasses | 
a, 6, f, d, e. If the pipe be much eontraeted, the 
pressure can be still moix' reduced, so iliat if two ' 
ciatonis, a and b (Fig. 4), l>o connected by such a 
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contracted pijic, a portion of the Jipe at c may j 
“ ’ .. e liqi '' ' 


((j) As in Fig. S, whoio tho jet and neck are 
1 continuous and the air enters on one side only. 

I (r) As in Fig. 9, where the general form is 
♦ be I'emoved'without the flow of theliquid being similar to (a), but tho air enters bv a very narrow 
interfered with; the water risiite in the eisteni! jet and the water filling the body of the pump 
fi only slightly below its level hifc. At f, in the : enters all round the jet. 

central line oi the conneoting pipe, the full head | These difieronoee in construction are of little 
of pjcsaure ii Is exerted, but there is practically [ importance in the practical working of the 
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instramente, but by altering the width of the 
aperturoe, pumpe suited to different preeaurcs 
can be obtained. Pumps with very narrow 
apertum work beet witii email quantities of 
water at very high jireesuroa, whfWvH jmmps 
with wider aperturee require much irmrc wa^r 
at a low prcHsurc. As the water passing 
through those instruments is praetienlly a falling 
body, on multiplying tlie. weight ot \\ater in 
pounds used per minute by its head or jiri’ssure 
in foot, we obtain in foot-poundn the jiowcr re¬ 
quired to produee the exhaust, m one inmule s 
working of the jiump. ('onijiared in this niannei. 
the low-pressure ^lumjw ar<' less ctlieieiit than 
those working at InglnT praHHiires. 

In using these, injeetors, care should hci taken 
to have a sutlifflent and constant, water siippls. 
The water tap tunied full on should supply in 
one minute twice to thne times the quantity 
required by the pum[) in the saini' time. In 
towns and large buihhngs where many persons 
ar<i iLsing tin* water at ditTerent levels, the 
pressure is often very variable, and a resiTVoir 
of water under pressure is noeessarv. A simple 
form devised by the author is a strong iron 
bottle (or an iron boiler) capable f*f standing a 
greater prcssiite than is likely to bi- required, 
say up to or over UKi lbs. per square mcli. 'I’liis 
bottle A (h’ig. 10) lias one tube passing to tlie 


■ provided with an overflow at a certain height, so 
M to give a blast of air under preseuro suitable 
for general blowpipe work. The vacuum tube 
from the pump la com^ected by moai^ of tho 
tap <’ (Fig. 10) with the safety tube n, having a 
Bunsen valve litted inside to tho end of tho 
vacuum tulu’, thence with th^t barometric gauge 
K and the laboratory vacuum tube u. 

h’lg. 11 shows in full sixe the tap r in Fig. 10, 
wliich IS tilled to the bottom of the safety tube 
ami *o tlu' laboratory 
vacuuiu tube at each 
working place on the 
tables 1-(Fig 10). An or¬ 
dinary good gas tap, 
wliic.b should bo spt'ciully 
ground so lus to be as 
air-tight as possible, has 
tho little screw and 
washer at the bottom of 
tho jilug removed and 
a hole bored from 
into tho ordinary througli 
hole of tile tap, tlie hvttcir 
being Holderod up at one side at p 
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that 
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bottom connected by a T-pieee with the wator- 
Bupply pipe, and it may carry a pressure gauge 
if desired. The connection with the water tap 
may bo made with lead pipo and soldered joints, 
or with sound rubber tubing encased in a double 
thickness of strong canvas sewn over it, the 
connections bf'ing well bound with copper wire. 
The bottle being air-tight and water-tignt under 
pressure, and full of air when connected with 
the supply pipe, the air cannot escape, but is 
compressed oy the pressure of tlio water. Thus 
at 15, 30, or 45 \m. pressure tho bottle be¬ 
comes half, two-thirds, or three-fourths full of 
water, and with a variable pre.ssure in the supply 
pipe keeps the pressure more constant, and 
maintains the supply for some time, deMnding 
on the size of the bottle oi^ reservoir, rossing 
from this reservoir, the supply pipo is next led 
to the pump b, which may be conveniently 
fixed out of tho way on a board against the wall 
behind the laboratory table. The Board carries a 
barometrio gauge to show the vdcuum obtained. 

Passing from the pump, the water used runs 
into the sink on the uborat(^ table, or if de- 
shed it may be connected with a box or drum 


uemg nuiuvii.M mm ... -- , 

tlie hole is from the bottom to one side only, 
and the plug m then trimmed and reground. 

A piece of tubing, Hs is then soldered on to the 
body of the tap and a ]K)inter, ic, soldered on U> 
th(/top of the plug to point which way it is 
open. When tho plug is tumoil aoroes m the 
ordinary ]ioHition of a I’loscd tap, it is closed to 
both A and ii ; when tho pointer points to A, it 
m open towards a, and if towards B to b. Tho 
tube Ki' iH fitted air-tiglit by moans of a stopper 
in the bottle n (Fig. 10). . 

By means of tlu'se taps (devised by tno 
author in IKK3), one pump can do all the ox* 
biiuHtion work in an ordinary laboratory for a 
number of liltrations going on simultaneously. 
Tito pump is connected with a main pipo of soft 
lead tubing passing along or under the laboratory 
tabloi and at each worker’s placo is a bottle 
like II (Fig. 10) fixed below the table, the tube pf 
from it rising above the table. One end of the 
tap, say a, is connected with tho vacuum mam 
pipe by sohlcred load tubing ; the other end 
lap is connccUid by a flexible tulxj with the filter¬ 
ing apparatus or other vessel to be exhausted. 

In using this arrangement, all tho vacuum 
supplied at b must come from the bottle below 
FF, and net from the main pip, which is ^on 
Hliut off. When the vacuum is not roqui^ at 
B the tap is turned towards a to raise the degree 
of c.xhau8tion in tho bottle. As those bottles 
: are of half-gallon or 2-2 litres capacity, a mode¬ 
rate vacuum in one of thorn (say half to thiw* 

1 . t . ..f ia anm. 


rate vacuum m 

quarters tho heiglit of the barometer) w suffi¬ 
cient for a filtration on tho small smIo and M 
there are a number of such bottles m the labo¬ 
ratory they form together a vacuum resenrow of 
! some magnitude ^ailablo at once without 
i waiting. If well fitted, the tape retem the 
' vacuum for several days. A lute made by dis¬ 
solving indiarubber in vasehne at as low a 
1 temperature as possible is of good semoo foi 
; these tap* and connections, 
i The author made a senes of oorop^Wf 
tests of the pumps in common use (.1. 8» 
Chem. Ind.11887, 64-761. With a supply ^ 
I pressure of water suited to each pump, amt 
1 exhausting receiveis of the above capacity, 2 d 
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litreSf vaoua oorreSMmdintf to from half to three* , 
(^oartere of the h^ht of the barometer ooold , 
generally be obtains in one minute’s workingB ; : 
Btieh vacua are quite suflicient for ordinary 
filtratioQB. 

As the apparent size of those instruments 
is somewhat misleading* the quantity of water 
used is the real test of size ; pumps of the same 
construction but of difloient sizes would exhaust 
a receiver at different raU'H, but in proportion to 
the water used. 

The table on p. 198 gives the results in brief 
of tests made with the pumps most frequently 
found in use; first, in exhausting a reeciver of 
2'2 litres cajjacity, and second, in blowing air, 
with the exhaust tube of the pump open to the 
atmosphere. The rrsaults of tlie tiist minut<'’B 
working only are given, though the tests were* 
carried on to 10 minutcis. In each case, those 
pumps which worked b(*«t during the first 
minute continued to so do throughout, and came 
nearest to the height of the barometer at tbo 
end of the exhaustion. 

The blowing power of each pump iij also a 
test of its exhaustive power, as in blowing with 
the pump open to the atmosphere it is jiractically 
exhausting an infinitely large receiver. 

Of the high-pressure putiipH, those of Fischer, 
Bulk, Kneeht, and Mueiieke. s hrasH pumps give 
good results, and of the low-jircssuro jiumps, 
which use mon' water, those of Ar/.berger and 
Zulkowsky, Kinkenor, and Koriing, ani good 
AlvergniaVs glass and broas punifis are inter¬ 
mediate in (character, and work well through a 
considerable range of pressure. 

Given abundance of water at sufficient proa- 
sarc, the puinjiH which give the most rapid 
exhaustions are lliosc of Finkener, Kdrting, 
Alvei^gniat, Arzberger, and Zulkowsky; but 
whore economy of water is desired, the high- 
pressure pumps ought, if possible, to bi^ used. 
Though considered as macnirios doing work for 
the power put into them, none of these injectors I 
is very' perfect, yet they are exceedingly con- ■ 
venient, and it will be observed that all those | 
tested give al come, ■particular pressure in one ■ 
minute’s working sufficient vacua for ffltrations 
and similar laboratory work. 

In choosing an instrument for laboratory use, 
on© should ascertain the average quantity of 
water per minute delivered by the fully open water 
tap and also the average pressuro in tn© closed 
water pipes. The pumj) selected should require not 
more than half the quantity of water delivered by 
the open tap, and should work well at from hau 
to two-thiros of the pressure in the closed pipes. 

In recent years, there has been a great ' 
increase in the use of injectors for industrial ; 
purposes, including many chemical and mechani- i 
cal applications. i 

Generally, the energy applied in injectors i 
gives about 60 p.c. in real effective duty, but I 
their low initial cost, absenqp of moving parts,' 
and of metallio or oorrodible surfaces, and above ' 
oU tile perfect control under which they can be 
applied and r^ulated, more than make up for: 
toe low percentage of duty. Thus t^y aie idea]! 
ameluneB where ordinary pun^ or exhausters i 
are inadnusBible, and are exceuent aa auxiliary j 
agents to more complicated or permanent ap- 
|» T at u B f or improving the draught in fomaoes,, 
m mi^a and wonmbope, aztd tiie i 


oonreyanoe or transfer of oorrasivo Bquids and 
gaeea, and of mixtures of solids and liquids, suoh 
as ordinarr sewage, and of mixtures ox sand and 
water. Tne removal of ashes in steamships is 
most conveniently effected by this mMns, 

Injoeton arc used to produce a blast for the 
division or spraying of liquids, as in the bumii^ 
of liquid or somi-liquid fuels under boilen, thn 
coating of large suitaces by spraying the paint 
over *thera, even where they are difficultly 
accessible. The spraying of water into the 
leaden chambers in the manufacture of sulphurio 
acid is found to be more efficient than the ad*'* 
mission ot steam. 

• Similarly, the exhaust obtained by injeotoTS 
worked by air, stoam, or water, is ap^ied in the 
various mothocla of vacuum cleaning. These 
applications are well described in the book OD 
'Ine 'IVansportation of Gases, Liquids, and 
Solids, written and ptihlished by Oskar Nagel, of 
New York, 1010. 

A convenient cirtuilating pump which may 
be constructenl out of orainary laboratory 
materials, and is adapted to maffitain a flow of 
water around nu)at complex apparatus at almost 
any clesircd rate, has been contrived by J. S. 
Morgan ((’hem. Soc. Trans. 1915, 107, 1710). 
A simple valve to prevent water from being 
sucked back into the filtering flask has been 
described by Hutchinson (Chein. News, 1912, 
ion. 09). T. F. 

FILTRATION is the operation of mechanb 
cally separating finely divided solids from tboir 
associated liquids by moans of porous media. 



The media used may consist of loose matorial, 
such as sand ; a compact body, such as biscuit 
pottery ; or woven or felted materials, such aa 
cloth, y>aper, and felt. It may be remarked, 
however, that the real filtering medium is often 
the layers of separated solida, the materials 
mentioned above only serving as oonvenient 
supports. A loose filtering memum is generally 
adopted where the proportion of liquid is re¬ 
latively large and the solids of little valne. The 
filter shown in Fig. 1 may be used for cleansing 



aa effluent. %laoh compartment, o, Is filled wiih 
wood-wool, Ideselguhr, or similar matedij 
is replaced when ohoM. Fig. 2 is a seotfoo of 
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a filter in which the hexi, fi-10 inchefi deep, ifl 
formed by meenn of layers of graded jnaterials, 
u gravel, sand. coke;, liirwjstone, &c. The 
upper layer of (finest) material is retained in 
pf^e by'a covering of stout wire gauze or per- 
lorated'motal, when the hIiovcIs of the workmen 
are removing the sejiarated sr^idH. lly ]iro- 
viding a movable biji<k<‘t with a bottom of 
gauz<^ which may b(' lift-i'd by means of a crnni', 
an economy in liandling is eileeted where j^hour 
is dear. Tina filter is intended for va<'mjm 
working by connecting the lower pi]je o])Oiiing o 
t-o a vacuum vcusel and pump. 1’hc Hwingiiig ])ij)e 
h enables the workman to n^inovc rapidly ' 
upper layers of liquid, wlucli may beconn' clear 
by sulwidence. In filters of tliis type, whore the 
Bolids are of no valiii', lln'ir removal ib often 
accomplished hy stirring llie unper Inyem and 
running to waste the turbid luiuor. H'Ik'. 
djn*etion (*f the liijuoi- current is often reversed 


for the same purpose. Water suppliw are 
usually filtered tnrougli sand filters, and by the 
addition of a coagulant (to form large aggrega- 
tions), such as aluminium sulphate, ^ pressure 
tnav bo used, and the rate of filtration increased 
I from 4 to over 200 vertical inebea per hour. 

' The ordinary domeHtric water filter, in which 
1 hollow cylinders of bificuit })Ottcry are used as 
^ the filtering medium,-is occasionally met with 
' in a large' form in chemical factories. To 
I obtain suitable porosity, such filtering devices 
' are made' of clay mixed with finedy divided 
combustible materials such as wood, cork, &c., 
which are burnt off in flic process of firing. 
Kilter stones are made' on this principle, in 
wliich the layers are of varying porosity. 
For vc'ry fine jirecijiitaies in acid solutions 
filters jirovided with sueli ‘ sToiics ’ or ‘ til(« 
are most successful, and are. far more economical 
than filter jiresses using woollen elotbs. A 



common form is shown in Fig. 3, and consists 
of a load-lined steel cylinder holding three, 
(one or more) filtering trays, which may be 
attached to the front cover and moved in and 
out on rails. The ‘ tiles ’ are provided on the 
undereide with groovee oi*with feet to refit on 
the floors of the trays, and are eomented in 
position. Outlet pipes with valvee passing 
through temporary joints on the front or back 
of the cylinder provide for the discharge of the 
filtrate. 

The traj’8 may be filled with sludge or 
mother liquor w’hile outside the cylinder, or 
simple arrangemontfl may be made for the 
purpoee after the admission of compressed air 
w h en filtration is proceeding. Sight glasses are 
aQPBSiilDeB provided for inspection,^especially 
tet^ubure that washing commences before the 
elite of precipitate begins to crack. Generally, 
the opentoT waits until air appear^ at an outlet 
More the^valve of that particular tray is closed. 
The eid^e is washed in a similar way, and since 


there in little diffusion, the amount of w-ashing 
water required is very small. The rate of filtra> 
tion through these ‘ tiles ’ does not alter after 
many months of use, and the filtrate is bright 
from the start. 

The simplest filtering apparatus in which a 
woven fabric is used consists of a frame to 
which the fabric is secured. A wicker baaket 
is sometime* used, and this arrangement is 
most convenient wliere the cake of material is 
to be folded in the cloth and squeezed in a 
press for the removal of more liquor. Washed 
graphite and similar materials ore often sepa- 
rat-ed in long and marrow canvas bags tied to 
spouts in the delivery channel from the washing 
apparatus. A simple form of vacuum filter, 
using a woven fabric or a disc of paper as a 
filtering medium, is shown in Fig. 4. It ia 
made in stoneware, the perfora^ plate b 
supporting the fabric and the vaennro pump 
beuu connected with the noule a. 

nitration may bft carried oat in centrift^d 
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jirpss throviglj a rhjinn«*i in tlio plate. 'I’ho solid 


machines which are conveniontly driven from will take place fastest at those points where 
below. The rotating basket is provided with a tlio resistance to the How of liquor is least, 
removable cage carrying the filtering cloth, the porosity of the cake is automatically main* 
which is bodily removed and replaced at cnch iained constant all over, with a‘result that 

__ . the washing raust also be uniform and 

^ !/ . - eihoiont. 

Tlic most important apparatus for 
liUration is the tilttir press <Fig. 0)~-a 
mci'hanical arrangerm-iit by which an 
^onorinons area of liltering surface may 
he pro\i(ic(i in u very small space, 
with the additional advantage that the 
operation may he carried out under 
almost nny conditions of pressure, A 
numhtT of plates coverc(f with filU'r 
cloth arc put together iu a frame to 
form a senes of hollow spaces in which 
the li(juor» to bo tilterod is forced. 
'J'he central area of each platen is pro¬ 
vided with projection.s or ribs to 
Ooecation. Another system by winch rapid 1 support- the filter cloth and to enable the liquid 
liltration may he obtained vyth a small area of j which has passed tiirough tlic cloth to leave the 

liltering surface consists in mounting the lilU*r . . 

cloth on a }>crforatcd drum, 

08 shown in the diagrammatic 
section (Fig. 15). The drum 
revolves about once a miniit(* 
in a batli of the liipud to he 
filtered which is maintained 
at a constant level. The 
filtrate is removed from Hie 
inside of the drum under a 
vacuum of 10 or l:i mehes of 
mercury, jirodiK'od by eon- 
necting tlie hollow sjnudle of 
the drum with a vacuum vessel 
and pump, 'J’hod{?poHito(l solids 
on the burfaeo of t he drum are 
washed bv the water jets h 
and finally removed by tiie 
scrapers c. * 

A typo of filter which is 
now coming into common 
use ia the vacuum loaf filter, 
group of flat filtering bags, 
means to prevent them from 
Burrounded by tho liquid to lie filtered, and 
a partial vacuum applied to the. interior of tlic 
bajfB or leaves. When oakes of most efi’ieient 
thiokneas are formed, cither tho mother liquor 




Tn this filter a 
provided with 
eollapsiiig, arc 



Fia. 6. 

or the group of filtering leaves is moved, and 
wa^ng water applied. After washing, the 
calm may be dislooged from the leaves by a 
conapreaecd air. % It will be revised that, 
oonng the formation^of the cake, deposition 


matter ia retained in the- hollow spaces, and is 
diseliargcd in cakes by separating the plates. 
Tho hollow apaecH UTwcon the plates arc formed 
either by raised margins on the plates, Re^cMged 
plate (ype or chamljer preji/t (Pig. 7), or by means 
of distance frames, tho width of which deter¬ 
mines tho thickness of cake formed, Flwsh plaU 
and difttance frame type or frame pres^ ®)* 
The plates and frames are made of material 
suitable for tho liquors to be treated, and may 
bo of oast iron, gun-metal, aluminium, hard 
lead, wood, &c. Iron plate.s are sometimes 
covered with sheet tin, lead, zinc, or ebonite. 
Chamber presses are to bo preferred where the 
solids do not form a solid cake, or where there 
is risk of choking tho narrow channels leading 
to tho frames of the framo press. Tbe pressure 
used and the thickness of cake are also deter¬ 
mined by the charaeter of the separated solids. 
With slimy solids, a thin plate and a low pressure 
are desirable; the cake may be inch thick 
and tho pressure may be that produced by 
placing the feed tank a few feet above the 
press. Efllily filtered solids may be separated 
m a frame 3 inches wide at a pr^ure of ov|r 
100 lbs. per square inch. Frames 1 Inch wide 
are used m ^ueral work. 

Owing to the facility of forming chomtell 
through the press from plate to p1^ by 
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providing holes in each plate in similar pautio&a, 
many complicated operations may bo perfonoed. 
The liquid treated may be continuously 
tained at a suitable temperature by providing 
1 clianncls in each plate for the circulation of a 
hot or cold fluid. By the provision of rubber 
diaphragms and water under high pressure, the 
caul's may be squeezed before removal from the 
£ press. Washing tlie cakes is simply acoom- 
-j , plishod by feeding the washing water by means 
^ I of 0 special (channel behind the Altering oloths 
of altt'mato plnte.«, and allowing it to leave the 
o press by a channel connected to the remainder 
z. of the platos (Fjg. 8). As the wtu^hing water 
~ : rises in tlio cakes, tlie imj)nsoned air is allowed 
u I to escape by meanH of air cocks. 

CO I The joints between the plates at each of the 
' holes which form a channel through the press, 

; are made by rubber ^melting rings or by the 
I arrangement of short- pieces of rubber pipe so 
; that, the internal pressure of the liquid ensures 
tightneas. 

Air vessels of ample dimensions should be 
I fitted to pumps feeding filter pressea to prevent 
I variations in pressure, raps are usually pro* 

I vided on each plate for the delivery of the 
! filtrate, so that any plate may bo cut out should 
I its ctfluent become turbid. In starting the 
; liltration. the pressure is applied gradually to 
I bidld up the filtering layer; with some Biib- 
X : stnnceH, the filtrate is always turbid for a 
o ; second or two. in presses where tlio plates 
^ i deliver their filtrate into a common channel, 

I small cylindrical filters sujiported in cages are 
0 ; sometimes provided to stop this action and 
z i also, by choking, to automatically stop the 
2 delivery of a turbid filtrate through the piercing 
u I of any filter cloth. Presses for volatile liquid 
(/) I arc usually provided with a cover dipping into 
I an oil or water seal, and connected on occasion 
' with suitable recovery jilant. 

I The materials u.'ied ae filter cloths are simply 
well-made strong fabrics—cotton material lor 
most purposes, woollen fabric for dilate acid 
liquors, and for certain fine work, silk. The 
filter paper \ised should be crinkled to admit of 
its expansion in contact with its supporting 
fabric. Wire game or perforated metal plates 
are used for some filtrationa, a filter bed bemg 
first formed by running into the press a pulp of 
vegetable or mineral fibres. 

The rate of filtration and washing is com- 
Q parable with the flow of liquids through oapillary 
(j tubes, provided that it is undeisto^ that the 
m total area of the passages through the oake is 
< affected by the pressure and by the visoosity 
z of the filtrate or washing liquid. 

° if washing be carried out at pressures which 
o do not break down the oake, the rate of washing 
5 will depend on the filtration pressure, uxd is 
u ; directly proportional to the washing preesure, 
and inveisefy proportional to the thiouess of 
: the cake and the viscosity of the washing liquid. 
During filtration,* however, owing to the pressure 
affecting the porosity of the oake, the rate is 
usually proportional to tfaerpressure raised to a 
power lees than unity, inarease in tiie 
viscosity of the liquid increases the value of this 
index. In the ease of a coanely CTanolar or 
ciystaUine precipitate, the value oTthis fatdat 
may be 0’6, bnt with fine amor^Hms nuAsdal 
it may not be move ^an 0'^. With'gels^bQl 
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pndi^tAtaa the effect of pteBsnre on the porouly 

tlw oake is generally so serious, that only 
enough iffesenre to exisnie the ffov of the mother 
liquor may be used. 

With precipitates requiring much washing, 
it is good practice to filter at a lower pressure 
than that at which washing is carried out, for 
not only is the rate of washing increased, but 
the efficiency of the washing is improved. It 
will be noticed that in the ordinary filU‘.r press 
the thickness of cake during washing is twice 
that during filtration, when the mother liquor 
is delivered in the middle of the cake. 

J. W. H. 

FINE BLUE, GENTIAN BLUE dB, SPIRIT 
BLUE, OPAL BLUE, BLEU OE NUIT, BLEU 
, LUHIERE. The hydrochloride, sulphate, or 
acetate of triphcnylrosaniline and triphenyl- 
pararosaniline (v. TiiiPHKNyL-METHANK (;oj.ox’R- 

INO MATTERS). 

FIRE-CLAY. A refractory clay suitable for 
the manufacture of fire-bricks for furnace- 
linings, gas-rotorts, crucibles, glass-house pole, 
Ac. The qualities required for such goods are 
that they should retain their size and sliape 
during firing, possess strength and durability, 
resist high and sudden changes of temperature, 
and the corrosive action of hot liquids and gosi's. 
The attainment of a iiomhination of these 
qualities best suited to any particular purpose 
will depend more on the pn;\^ical characters 
of tho fire-clay than on its chemical composition, 
and actual trial of samples is desirable rather 
than detailed analyses. It is, however, esacntial 
that the material should consist mainly of 
aluminium silicate, with only small amounts of 
alkalis, calcium, iron (esjiecially as pyrites), and 
titanium, all of whicii have the olTect of lowering 
the fusibility. The nr(«cnco of free silica also 
has the same effect, out t ;0 a much lees degree. 
Pure kaolinite {H 4 Ai 2 Sij{() 9 , m.p. about IH20°) 
and'quartz (m.p. nWJ®, as tridymito) are both 
highly refractory, but mixtures have a lower 
melting-point than either, with a minimum of 
1630® for 90 p.c. kaolin and 10 p.c. quartz. 
This is, however, still above the lower limit 
(about 1000®) usually allowed for a fire-clay. 
The beet fire-clays occurring beneath beds of 
coal in the English coal-measures contain 
AlgOg, 20-30 p.c., and SiOj, 60-70 p.c. {eoire- 
spon^i^ to about 3-23 p.c. of free silica). With 
increasing amount of silica tliese cla^ys gradually 
pass into sandstones, which are also used aa ; 
refractory materials; e.g. ganister ig.v.) and i 
the so-called Dinas ‘ clay ’ from the Vale of ; 
Neath in Glamorganshire, containing as much as < 
98 p.c. of silica. The analyses at top of next ^ 
. column are of fire-clays from : I. Stourbridge in 
Worcestershire, by C. Tookey (also PjO^, 0*06 
P'S.). II. DowUds in Glamorganshire, by E, Riley. 
HI, Better-bed fire-clay from Bowling in 
Yorkshire, W J. W. Westmorland (also TiOj, 
0'87 p.c.), IV. Plastic fire-clay from 8t. Louis, 
Missouri, quoted by U. Ries^ 1908 (also SO*, 
0-35). (For a large series of analyses of British 
snd foreign fire-clays, v. Percy^ Metallurgy : 
Fuel, 1876, 87.) 

, c^brated fire-day of Stourbridge in 

W oroes tersbire is remarkable for the small 
UJOTOt of cratraotion that it undergoes when 
WMi, the shrinkMe of tbe nmefined clay beang 
i W iOBm oases as fow as 1 p.c. For tbe purpoee 
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0-2 
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0-20 
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Moistitre 

2'18 

1*39 

— 

2-7 

OrganU- matter 

. 0-68 

0*90 

HO, 

0-85 


oy-00 

100-44 

09-92 

99-97 


I of reducing shrinkage, fire-clay is often mixed 
j with ‘grog,’ i.r. burnt firo-rlay, which has also 
the effect of giving aufflc-iont porosity to the 
fire-bricks to enable thorn t<i withstand sudden 
: changes of temperature. A greater degree of 
I porosity, with corrospondingTy less strength, 
required in the firo-bneks of household stoves, 

' is often producod by mixing sawdust with the 
clay. 

A fire-clay occurring in the millstone-grit 
scries at Gicnboig in Lanarksliirc, has been 
, examined l»y J. W. Gregory and D. P. Mc- 
: Donald (Proo. Roy. Soo. Edinburgh, 1910, xxr. 
34S, 374), who find that the fine-grained ola^ 
substance forming tho bulk of the material is 
resent a^ minute rounded gr^ulos about 
'001 mm. in diameter; this is amoimhous and 
' not crystalline, and is referable to the mineral 
sueoios halloysito rather than to kaolinite. 

I Embedded in it are abundant grains of quartz, 
some grains of folsnar, and minute crystals of a 
; rhoiribohodrol caruonatc referred to sideio* 

I plesito (a variety of chalybito). 

(V. H. Rios, Clays, their Occurrence, Pro¬ 
perties, and Uses, 2nd od. New York, 1908 ; 
A. B. Searle, An Introduction to British Clays, 
Shales, and Sands,'London, 1912 ; A. B. Searle, 
Refractory Materials, London, 1917.) 

L. J. a 

FIRE EXTINCTION AND PREVENTION. 

Oomhustion, as it exists in ordinal^ cases o! 
fire, la due to the rapid combination of the 
burning material with the oxygen of the air at 
temperatures above the ignition-point, and it 
may be extinguished either by lowering the 
temperature of the burning mass below the 
oint necessary for tho continuance of the com- 
ustion, or by cutting off the access of air, and 
so depriving the combustion of the oxygen 
which is essential for its support. 

Tho usual method adopted for extin^ishing 
a fire is to pour on to the blazing materisJ a large 
volume of water, and this acts partly by render¬ 
ing heat latent in its evaporation, and so cooling 
down the burning mass, and pt^ly by tbe ste^ 
generated driving back the air ana ao gi'ving 
time for the cooling action to take effect. 

The force with wifloh the water is thioWD 
upon the burning body also produces a ooa- 
siderable effect by sweeping the flame from the 
surface and so extinguishing the bncniiig 
gaseous pro<^ct8. 

Although, in round figures, 1 lb. of w^« 
dried wood on combustion will convert abont^ 
6 lbs. of water^to steam, yet in the eariy etaem 
of a fire it is o^y the surface of the wood ^tat ift 
burning, so that tbe 6 lbs. of water will have a 
useM effect over a considerable surfaoe, Whilst 
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the Bteam onnupiofl a volume about 

1700 limefl that of tho water iiflod. 

In the ufie <)f water, a certain amount of 
discretion jh iK'j-cHsaiT, ow otherwiBe unde^ir(*d 
reeulta may follow. For instance, in a big 
wamhouBe lire, tlio lower j)oriaon soon beeomeH 
a maHH of red-hot earbonaceous matter, and if 
water is ri'rkleasiy played into tiiis, t!i(^ water 
is alniost instant-ly turned into s(<‘ani, wliieb is 
decompfXJ<'(i la jiasKing thr<»ug}i tlie sumnimiing 
red-hot carbon, fonning a mixture of b^diogeii 
and carbon monoxide, known as ‘water gjis.’ 
This gas iH ndiuminable, and l)y its eomlmstioii 
adda to the general liia/.e, wliilsl. if it escapes 
being ignited, it may eollei t under ecditigs and 
roofs, where, mixing with air. it foniis n highly 
oxploflive mixture liable to b<^ ignit<'(i by an^ 
chance flame or spark. 

If, however, the water is tlireeted on to the 
top of the muss, the taibonaoeouK matter i.s 
cooled downwards, so that the steam evolved 
doe« not pass through the glowing caibon, 
and there is tluis the niiiiuuiim gimeralion of 
inflammable produets. 

A lire ran also be evtinguished by juaetu ally 
smothering it by l utting off the supply of atf, 
and althoupl) this is rarely jiraetienbJe, yet the 
closing of all tlooi’s and windows, bj reducing 
the quantity of air available, check.s the ec'Ui- 
buBtiun. 

Wat(‘i IS iisolcHM for the extinction (»f burning 
oIIk and sjnrilH, aw these, being ligliler Ilian 
water, float’ on the surfai'i* and continue to burn, 
The best way of trenling a lin' ot tliis kind iw to 
throw on it Rawdust, sand, or eailli or anything 
that will serve to lo'i’p tiio air away, and so 
cause the flame to die out. 

Sawdust IB more I'flicient than sand, ns it 
floats on the Inirning liquid. For Die extinction 
of Rmall petrol liros, Hucii ns may occur in a 
garage, the Britisli Fire I’revcntioii Committee | 
rcconiTnend tlie use of a mixture of .sawdust, ■ 
1 buBhel (about 12 lbs,), with 10 lbs. of sodium 
bicarbonate. The sawdust floats on the burning 
liquid, smothering the tire, and the action is 
materially assisted by the carbon dioxide given 
off by the bicarbonate. A mixture patented in 
the XI.ns ‘ Foaniitc ’ consists of acid sulphate 
of alumina ami bicarbonate of soda, the latter 
being nii.xed with a lieoriec decoction. 'J’hc 
two Bolutions an* run simultaneouHly into a 
mixing t<ink, and theme flow to the tin*. Another 
foaming mixture is produced from solutions of 
Bodium hydroxide (caustic soda) and ordinary 
alum. The separate liquids are kept ready for 
use at many stores and garages. 

Attempts have been made to employ certain 
gases which are unable to support’ combustion, 
and which con be obtained comnierciallv at a 
fairly cheap rate, but the advantages of thifi 
method ore very doubtful, bp, unleBR the whole of 
the fturrounding air can V replaced by an atmo¬ 
sphere of the cxtiiiguiBhing gas, little gooa 
reeults. With a fire well alight in an open space, 
there ia always a strong up-current of hot air 
And the products of combustion, so that any gas 
poored on to tbo fire would he eanled upwards 
,jOUt of the area where it would be effeotive. In 
coriidn oases, however, as in confined sppces, 
this method haa its uses. For intdance. wdien a 
cldmnoy is on fire, the combustion can be 
stuped by throwing a'handful of sulphur on 
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! the fire in the ^rate. The sulphur bums, 

J forming sulphur dioxide, and this being drawn 
, up the chimney cuts off the supply of air from 
I the burning soot and ho extinguishes the fire. 

( 'I’lio fa(d that ccrlain gases and salts will 
' oxtinguiKh a lirt* uixliT certain conditions, has 
led to a variety of aiqiaralus being designed, 
which arc known under tlie name of chemical 
exlinetcurH. and vary in ,si/e from the small hand 
grimfidc to the liorsf-drawn or motor-driven 
tdiemieivl fire engine. Amongst the Bubatancos 
that liuvo been bioiighi into requisition for this 
])tirpos<‘ arc such gnses ns carbon dioxide, 
liydroi'hlorie acid gus. and ammonia, none of 
w’liieh supports combust i<>n, and salts, like 
i-ommon salt and borax, tungstates and phoe- 
' plifttcs of tin* nlkftli metals, w'hieh form a 
irotcelive eoating on Die surface of the com- 
urstible material 

j I'^xtincleurs may Ih* divided into two clofisce, 
j those in wliieh carbon dioxide is jirovided in a 
! Ii()ue1i('d form in a suitabh' eapsulc which can 
i be })iercod, or the* gas geiierntcd rajiidly from a 
charge of some carbonate, such as chalk or 
sodium carbonate, and an acid in the presence 
of H large volume of water. Tho pressure 
creati'd by the evolution of the carbon dioxide 
, in tho eontiiiniiig vessel eauRCB the water to 
dissolve the gas, and nt tho Bamo time the 
pri'Hsun' drives tho water holding the gas in 
j solution through tlie sniall liosc and npzzle on 
! to the fin!. Tlu* water, as soon as it is subjected 
to tlie ordinary atnioHjihcne pressun^ and heat, 
gives up the carbon ilioxule, which, together 
with the steam, diive^n the air away from the 
liurning material, whilst tho cooling offoct of tho 
water is aided in th(' extinction by tho salts in 
solution coating the heated mass, 

'J'he substances generally employed for the 
rajiid evolution of the carbon dioxide are sodium 
carbonate and hyilrochloric or sulphuric aeid. 
These chemieals must, of coume, be kept 
separaf-n in the extincteur until tho moment 
wneu tho apparatus is brought into action, and 
there arc several devices for securing this end. 
Tn some cases, the acid is contained in a thin 
glass bottle, w’hich is loft unsealed, at the top of 
the a])paratus, whilst the carbonate ia dissolved 
j in the water. On turning tho containing vessel 
; ujisido down, the acid runs out of the bottle and 
I mingles with tho carbonate solution, causing 
' immediate evolution of llie gas. In other forms, 
j tho acid is In a fcalcd bottle, which is broken 
I either by tho release of a leaden weight inside 
; the extincteur or by a blow on a plunger from 
: outside. In the large forms of extincteur, the 
; acid is contained in a bottle covered by a lead 
! capsule, which can be pierced when necessary 
' by a lover from oiitBidc the apparatus. 

According to a Memorandum of the BritiBli 
Fire Prevention Committee (Testa on Fire 
Extinguishers, No. 180), bicarbonate of soda is 
usually employed, and care must be taken that 
; the normal carbonate is not substitut-ed in 
appliancefi desighwl for tho former. The sul¬ 
phuric acid should be 1’84 flp.gr., and the 
. quantity used should be considerc^ly less than 
I theoretical amount, so that tho discharged 
' liquid shall not bo acid. One lb. of bicarbonate 
requires thcoreticalljr 9*3 o*6. of pure solphuho 
acid, but the maxjmum quantity should not 
exceed C ozs. (by weight); smouer quantities 
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down to 3*5 oza. (weif^ht) being equally effective. 
0*75 lb. of sodium bicarbonate is 8u£6oient for 
2 gallons of water. «An air space of 15 p.c. 
should be allowed for expansion of the liquid. 
The quantity of liquid should not exceed 3 
gallons; with this amount the total weight of 
the extinctour will approximate to 0‘5 cwt. 
Loss than 1 gallon of liquid is too small to bo of 
piactical value. Dangerotw pressunw may be 
set up through tho rapid generation of gas, 
oapeoially if somo obstruction at Ihh valve or 
discharge exists, and several falal afu-idi'iits^ 
have ocourrod. The (^Jininittoi' ivomini'ud 
that all extiucteurs sluuild stand a hydraulic 
pressuro test of 350 U»s. jier square inch for 
5 mimd^w, and the same ajipUos to rubbtii- hose. 
For certain Kituatums it may 1><* ne.eessarv to 
provide against the liquid coal eats freezing. 
Sucli salts as common salt or ealeium chloride 
are eniployeil, and tlicso may M(it up corrosion 
of tho metal container, solders, &c. 

Tho second cla'^.s of extinctour conlains solu¬ 
tions rif I'hemicala whu'li <-oat the combustible! 
materials, and in addition some of them eiiijiloy 
chemiiials whieli give off extinctive, gases when 
subjected to the heat of tlii! lire. 

One of tlii^ most elTeetive of the many solu¬ 
tions that can be iiKcd for this purpost* ih a solu¬ 
tion of a mixture of sodium sulpliide and am¬ 
monium chloride in molecular proiiortions. 
Whciutiii>^ i'^ thrown ujuni a hot iin', sul])hur 
dioxide and animenia are set free and smother 
tho combustion, whilst, tho remaining com- 
bustibli! gets coated witli a glaze of eununon 
salt. 

For small fires and in the earliest btagi?w of 
a fire in un enclosed s])ac'e, oxtinciuurs have 
proved very useful, ])Ut in the open and with a 
Btrong coniJagrtttioii tlioy are perfectly 
A fli'i* can rapidly and oasily be extingiiibhod if 
it \k‘ attacked within a few minutes of its start¬ 
ing, but in tho majority of cfisea tiie tire originates 
during tho night or when tho place is shut up, so 
that by the ♦ime the outbreak is notieeil the fire 
has gained a linn hold. In order to cofio with 
those ciusoH, numerous automatic devices, such 
as Bprinklcr.s, have been brought forward. * 

The first form of automatic sprinkler was 
introdu(!od by Major A. Stewart Harrison, who 
had the i<lca of fitting the various rooms to be 
protected with a Hystem of waU^r pixies fumislicd 
at tho necessary places with nozzles closcxl by 
easily fusibh^ metal plugs. Any* serious rise in 
temperature melted the plugs and started the 
flow of water through the various jets. Auto¬ 
matic sprinklers have been widely employed, 
and many difforent forms of ^paratus, bast'd 
in general on tho release of a valve by tho melting 
of strips of fusible alloy, are in use. Tho allo 3 ’ 
commonly employed has the composition : 
bismuth, 4 parts ; load, 2 parks ; tin, 1 part; 
cadmium, 1 part. Iks melting-point is (15%’. 
(160®F.), Such fusible allojTj have also found 
application in the automatic release of fire¬ 
proof doors, shuttcTH, &,c. * 

It is the earlier stages of an outbreak of lire 
that are the most important from tho jK)int of 
view of ease of extinction, and in order to draw 
attention as soon as possible to on outbreak of 
Are in a building, such as a closed warehouse, 
automatic fire alarms have boem devised, which 
on an undue rise of temperature, complete an 
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electric cirouit and ring a bell at a fixed plaoe 
some distance away, say, at a fire station. The 
first forms of automatio fire alarm consisted of 
thermostats, which were sonsitivo thermo- 
moters, into tho bore of which were sealed 
platinum contacts; os the temperature at the 
seat of tho firo roso, tho mercury of the thermo¬ 
stat expanded and oomplct,ed an clectrio con¬ 
nection, causing a (ire alarm to ring. But these 
were not certain in action, owing to tho surfaces 
of thti mercury and platinum becoming dirty 
and failing to establish contact, so to obviate 
this trouble, liquids having a cleansing action 
were introduced above tho surface of the 
mercury to prevent any amalgamation or 
oxidation and ensure contact. 

Another form of thermostat consists of a 
closed U-tube containing merourv, abovo the 
Hurfiieo of xvliicb in eacli limb a vofatilo liquid is 
coniined, and one limb is also surrounded by an 
insulating sletivc. A suddim riso of temperature 
will cause tho liquid to volatilifio more rapidly 
in the exposed limb, and so drive tho mercury 
tlownwuru.s: this action ojiens a clo.sod electric 
circuit and closes a soeumlary system, which 
tran-sniits a signal to any required spot. A 
dilfercnt ial tlu'rniostat is also UH(>d in oonnoction 
with a (ixod ternjioraturti thermostat, which 
remains stationary until a dolinito tomperaturo 
is u( tamed, and then lias u long range for a small 
in(!reaso m tomperaturo. After tho first warning 
call has laien given, a furt licr riso in tomporature 
gives u firu call. 

Somi* alarms d(*poud for thuir action upon 
tlie unequal expansion of metals, whilst others 
rely on tiin diiTere.neo in rate of expansion 
between relatively large and small masses of the 
same mi'tal: but in all cibsofl, tho movement 
brought about by the sudden riso of tomporature 
is made to complete an olectrio circuit, and thus 
give warning at some nredotormined place. 

Although timber, like all organic substanoes, 
is eombustible and is burnt away when subjected 
to a high lomperature, yet it can bo treated in 
Bucii a way aa to render it fireproof, so that, 
instead of causing it to burn away, intense heat 
merely chars it. Various substancoe have been 
8uggertte<i for this purpose, but many of these 
flo-(!alled * antipyrcncs' have proved unsuitable 
owing to their injurious effect upon the wood or 
upon the paints and varnishes used upon it. 
(’ommon salt was at (ine time regarded with 
much favour us a fireproofing raatcnal for wood, 
but its hygroscopic properties ultimately caused 
its use to bo abandoned. 

Any flulwtaneo which is to be used for firo¬ 
proofing wood must have no deleterious action 
on the wood or corrode the nails and screws 
inserted in it, and must also he a stable and non¬ 
volatile body, otherwise, although the ohomioal 
might do the required work for a short period, 
if evaporatoxl it would leave the wood as in¬ 
flammable as befofe. The compemnda, which 
, practical experience has shown to be of use in 
' this direction are ammonium chloride, am¬ 
monium phosphate, ammonium sulphate, oal- 
I eium chloride, magnesium chloride, 7,inc chloride, 
zinc sul]^te, stannous chloride, alum, borax, 
boracie aeid, and the tungstates. 

On a poetical scale, the timber is run on a 
troilev into a largo chamber, which is sealed w 
and then exhaust of air as far as possible, ]& 
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thiH Wfty, aU the air and moisture are extracted 
* from the cells of the wood, and, after allowing 
the wood to remain in the vacuum for some time 
to complete the extraction, the solution of 
chomioals is run into the chamber, the whole of 
the contents being then placed under hydraulic 

{ iresfiuro, the amount of which is carefully regu- 
ated according to tlie nature of the wood under j 
treatment, os the proHsure required by a dense I 
wockI would crush and destroy the cells of a j 
lighter timber. A gauge glass on the cliamber < 
sliowB when the right proportion of liquid has ; 
l>oen abeorbed, when the wooc is removed, ' 
drained, ami dried at a definite temperature. ; 
The temperature to which the wood is sulijectcd 
for drying jiurposcs has a groat effect upon the 
quality of the final produc^t: too high a iem])ora- 
ture will cause the wood to l»e brittle, but if the 
correct temperature lie employed, tli(5 wood 
dries with all its original qualities umin])airod, 
but with the added profSTtv of non-influinina- 
bility. 

Wood ti-eaied m tlii.s way, with lULxturcs of 
ammonium phosjjhatc and boriicie a<-id, can be , 
worked in just the sumc way sis uon-treated 
wood : it has no injiinous clTect upon the tools, 
and will take paints, varnishcH, and other docoru- ; 
tive material os well as Indore tnuitinent, whilst j 
nails and screws do not eorrodo in it. I 

When wood thus treaitHl is subjected to the | 
action of a tlani<‘, charring tiik<;s nlatio, as the | 
celhdose of the wood libro is still left, and imdor ; 
the action of heal is carboniHcd, but directly ; 
the flame is removed the cliarrod mass blackens, ; 
and no spreading of the lire take® place. This ; 
effect is due to the chemicals used (cliij'fly am¬ 
monium phOH])hate and boracio acid) being 
forced into the cells of the wood by th<‘ course 
of treatment adopt/cil, and once ’ there it is 
practically impossible, to remove them. Under 
the inffuenco of heal, the ammonium jihosphatc 
decomuoses. giving off ammonia and pliosphorio 
acid, tlio former of wluch drives any air out of 
tlio wood replacing it by a non-comlmstible gas, 
whilst the phosphoric^ acid together with the 
boraclc acid coat the coll walls with a glaze, 
which prevents the access of oxygon from the air 
to carry on further combustion. V. B. L. 
FISCHER'S SALT, Pola.mum I 

FISETIN, FISETOL m. Young lu-stic. 

FISH On^ V. Oii^ ANi> Fa'i'-s. 

FLAGSTONE. A stratified rock which may 
be split along the planes of bedding into smooth- 
faoea slabs, suitaole for use as paving stones. 
If the stone is too absorbent, or finely laminated, 
the surface is apt to flake off by tne action of : 
frost. As hardness and durability are essential 
in a flagstone, sandstones are superior to calca¬ 
reous or argillaceous rocks. The flaggy sand¬ 
stones are generally micaceous; and their 
fissility may ne portly due to the presence of 
mioa along deflmte planes. The b^t English 
flagstones are dorivea from ^he lower coal-mea- 
sures, the millstone grit, and the Y oredale rocks. 
Most of the flags used ifor paving the siroots of 
Ixmdon are obtained from the Yorkshire coal¬ 
field. The Slland flagstone, wliicli is extensively 
wo^ed, flf a fine-crainod micaceous sandstone 
fi4 the lower ooaJ-measures, or ganister series, 

P iding with penistenoe through) the coal- 
of Torkshire, Lancashire, and Derbyshire. 
Gotland, the lower old red sandstone yields 


paving slabs of Very large size, the besVknown 
wing the dark-grey flagstones of Caithness and 
the Arbroath pavement of Forfarshire. The 
celebrated Caithness flagstone is one of the most 
important economic products of the old red 
sandstone. It is used locally as a building 
stone, and for use as stone flooring and stair¬ 
cases it has been exported to all parts of the 
world. Tlio extensive works for Liebig’s meat- 
extract on the River Plate m South America 
arc floored throughout with Caithness flags. 
'I'ho stone is finely laminated, tough and com- 
and its cementing material is siliceous, 
araillacooiw, calcareous, and bituminous. The 
lust of these, derived from the vast number of 
fossil fishes, renders the stono impervious to 
jiioi-sturc. Analysis of stono from the Castle 
Hill quHM’ies at Thurso, Caithness-shire, gave: 
.SiOj, W)-4o ; Al^Oa-ire^O,, 10-50 ; KjO+NajO, 
2-20; CatH)^, lO-iib • organic niattor, 5’79 p.c. 
Weight, per t'uluc foot, 157 lbs. ]j. J. S. 

FLAKE WHITE. A variety of white lead 
(r. Lead). The term is also applied to basic 
bismuth nitrate. 

FLAME. 

Incandescence of gases. When solids and 
liquids arc lieatod beyond a certain temperature 
by an external source of beat, they become 
luminous, and the intensity of the light emitted 
iucrcostw very rapidly as tho temperature is 
further mcreaHcd. I’here is no roosen to 
sujipose that gases would behave difierontly 
except in degree, for according to the kinetic 
molecular theory of mutter, light should arise 
from molecular vibrationa pccasioued by mole¬ 
cular collisions. It is doubtful, however, 
whether a gas has ever been brought by artifice 
into what may bo called a state of purely 
thermal ^low. ' Tho high transpoiency of gosca 
to light IS eojTolative to a very low omisaiVity. 
Iodine* vapour, which is an exceptional gas m 
its absorptive jmwer, docs indeed glow when 
heated in a glass tube even when the walls are 
conaidorably l)clow a red heat, there is 
reason to Ixdicvo that this glow is connected 
with tho disBooiation and rocombination of the 
'atoms in the iodine molecule («ee especially 
Evans, Astrojihys. J. 32,* I, 1910). 

Attempts to lieat colourless gases, such as 
nitrogen, to tho glowing-point, have given 
negative results. 

In almost every case, a jlavie m glowing 
(JUS, and in vi&w of tho facts just recited we 
must add the qualification that the. glow w the 
accomiKmiment of chemical change. It would be 
possible to refine upon this definition. A 
* flame ’ of puiw hydrogen in clustlees air is, 
according to Stas, mvisiblc, the radiation of 
short-wave length being wholly in the ultra¬ 
violet. Again, the glow obeervod during the 
decomposition of acetylene in a hot tube may 
be duo wholly to llie particles of liberated carbon 
and in no degree to anything gaseous. But, 
speaking generally., the basis of flame is a 
glowing gas, and the exciting cause ohemlcal 
action. jTbis description would include ordinary 
hot flamos and also flames of the kind called 
phosphorescent, which may be quite cold in tike 
ordinary sense of the wordC 

If, then, a ohemical ohango takes plAee, 
resulting in the produotion of m «id the Ubent- 
tion of a quantity of umnioal energy, a 
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fluM may make ite appeaianoe. Experience 
tbiomt that this only oooun when the amount oi 

S liberated is veoy ooneiderable, in other 
flames are only to be expected during the 
reiolaUcm of highly endothermic compounds, like 
guncotton, into gaseous constituents, or during the 
formation of highly exothermic compound gases 
from their components, as in the case of carbon 
dioxide from carbon monoxide and oxygen. In 
phoephoresccnt flames, such aa that of plios- 
phoroB, the energy liberated per gram-molecule 
of product formed is no less considerable. 

S^mee produced during the decomposition 
of single endothermic (‘om})ouudM do not call 
for any detailed consideration, sinc(;, apart 
from their gerieeis, they do not present many 
special features of interest. 'Fho cjuso of acety¬ 
lene is interesting, inasmuch as a flame initiated 
in a column of the gas ut one point is not propa¬ 
gated for more than a sliort. distance, unless the 
gas is under a pressure of about two atmo8])hcreA. 

Conditions determining flame. The princi¬ 
ples underlying flame phenomena am best con¬ 
sidered in the ordinary case where the flame is 
occasioned by combination betwc<-n two sub¬ 
stances, cither single substances or mixtures of 
substances. Such a case as that of coal gas and 
air is complicated by the fact that both those 
substances are mixtiireK, unci it is to Ih) remem¬ 
bered that m the inU>rrninglmg of such mixtures 
the diffusive power of ouch component will 
assert itself and*lcad, for the moment, to local 
variations of condition. 

In selecting oven one of the simplest cases 
for the pur]ioHe of diHciissing flame pnoiiomcna, 
it is necessary to promise that there are many 
factors of which we have at present only an 
imperfect knowledge, and many doubtlesa of 
which wo have no conception at all. Wo may 
reoall, for example, the remarkable discoveries 
concerning the influence of minute (luuntitics of 
water vapour upon the initiation and intensity 
of combustion. The mechanism of what was 
formerly regarded as so Hini]ilc a chemical 
phenomenon—the burning of hydrogen—is full 
of difficulties. II. B. Dixon, discussing this 
subject (Chem. 8oc. Trans. 1910, 97, 001), 
considers that steam intervenoH in the initial 
action of hydrogen on oxygen at moderate 
temperatures, but ho does not think it nocoesary 
for the propagation of a flame once started in 
the mixture. The mode of action of the steam, 
which, according to E. W. Morley’s calculation, 

? uoted by Bono (Britisli Association Reports, 
910), is present to loss than the extent of 
4 molecules per 1000 million molecules of dried 
gas, is at present unintelligible. 

Notwithstandii^ Larinor’s condusion about 
the infrequency of trimolecular collisions in a 

§ as, and the support thereby given to the 
iieoretical and experimental inference of other 
workers os to the probability of one molecule of 
hydrogen uniting initially with ono molecule of 
oxroen, Dixon ^ows that there are great diffi- 
oohtes in maintaining that hydrogen peroxide 
is tte flret product formed in a hydrogen flame. 

S m ila r complications present themselves in 
newly every case of combustion. The main 
PhcBom eoa of flame ca^ however, be usefflUy 
wouBsed without entering into minutitt of the 
transaotioiis involve^ and this course 
Wffl be takm in what fcdlows. 


Umtli «f !nflimm«mty. In order that a 
I flame oi the common type may be produced, » 
; is necessary to have the oombinmff subetoDoee 
' mixed in certain proportions, ana to heat a 
portion of the mixture initi^y to a certain 
temperature. The proportions within which 
self-sustaining flame may be incited are called 
the h'miTs of infiammabUtty, and the temperature 
at which self-suHtaining flame is set up is called 
the temperature of ignitiem. 

When a portion of a stationary inflammable 
mixture*is raised to the temperature of i^ition, 
unless the quantity so heated is very minute, a 
flame liuvels through tlie mixture. The flame 
may, however, be quenched in the neighbour¬ 
hood of surfaces of high heat vonductivity, as, 
for example, when it enters narrow tubes or 
impinges ut>on a flne metallic meshwork. This 
is the well-lcnown principle which applies in the 
miner’s safety lamp, the flaming flro-damp and 
air within the lamp being extinguished in eon- 
tact with the metallic gauze. The rate at which 
a flame travels through an inflammable mixture 
depends, apart' from the form and material of 
the enclosure, on the nature of the gases, on 
their proportion in tlio mixture, and on the 
dmtance traversed. Formerly, the rates of 
inflammation of gaseous mixtures wore supposed 
to be very moderate. Thus, for hydrogen’and 
oxygen in the proportions of clectrolytio gas, 
Bunsen gave the rate of propagation of flame 
as 34 metres ])or second. 

The existence of vastly higher rates was first 
(loinonatrated by Borthelot, in the disoovo^ of 
tlic ’ explosive wave,’ and as the result ox his 
rosearches as well as those of Mallard and La 
(^hatelier and H. B. Dixon, we now know that 
in many gaseous mixtures the initial slow rate *■ 
of injlamnuitioii may bo succeeded by a rate of 
explotnon or detonatwiif amounting to between 
1500 and 3500 metres per second. If mixtures 
of tliia kind bo ignited at the end of a long 
tube, the flame first proceeds with a sensibly 
uniform velocity for a distance of from 0*25 
to 1 metre (period of inflammation); then a 
vibratory movement ensues, which increases 
in intensity until finally the - explosive wave is 
sot u]), and the flame proceeds through the 
rest of the mixture with the high velocity just 
described. 

In connection with flames, we are concerned 
only with the rates of inflammation, and these 
I are exhibited for a number of mixtures in the 
diagram (Fig. 1 taken from Chapman, Chem. Soo. 
Trans. 1921, 119, U)79). 

As will bo seen from the diagram, the rate 
. of propagation of flame is not necessarily 
greatest in mixtures containing the combinti^ 
i gaaee in the proportions just required for com- 
I plete combination. The flame in a mixture of 
40 p.c. of hydrogen and 60 p.c. of air has a higher 
I rate of propagation than one with 26 or 29 p.o. 
i of hydrogen (the stoisliiometric proportions). 

I This apparent anomaly is explainra when we 
I consider that (1) heat evolution per unit voinme 
of the mixture diminishes as we depart from the 
stoichiometrical proportions: (2) heat conduction 
from layer tef layer increases in rapidity as the 
proportioi;! of the highly conducting ^ (bydro>|| 
gen) increases, mtii (3) this accelerating effect of 
the gas m exo^ is balanced by the dipianticni 
of beat evolved per unit volume of the'ttdxtaM. 
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Temperature of ignUioo. Tho tomperature 
of ignitioD of gatieoiw mixtures ie tho temporaturo 



1 . 

to whiuh a portion must be heated to produce 8(?lf • 
Buntjvining flame. 'I'lic fact iliai they are usually 
ignited Ity a inat<'h tlamo ur a spark of high torn* 
pcratui‘(‘ prodiiecw the. impresBion that a flame 
neoewarily ajjjjears per it(Utuin. Kxperiment and 
theory toaelj that the ratei of cJiemieal action 
varies continuouKly with varying teiii])eratiirc, 
and if flame w merely an aecom))anim('nt of 
ohomieal action, it Hiiould n])})car gradually ha 
tho tomperatun’ is itien-owod. 'Cho fraction of 
combining molcnlos in a mixture at low tein- 
poraturc might iw)t yield a visible amount of 
raciiation ; but aR tlic,*teinperature rose we might 
expect a ghiw to appear gradually and to in¬ 
tensify. As the rate of ciicmieal action normally 
increases vci*}'^ rapidly with increasing tempera¬ 
ture, the luininosity need not appear far below 
the temperature of ignition. To test this vicu', 
it is therefore neeea.sury to examine mixtures 
in that n'gion of tem])erature. Alnuist the only 
case that at onoe presents itself w that of phos¬ 
phorus. Phosphorus ignites at about dO'^, so that 
at tho ordinan,' temj)erature it is within GO'' of 
its tomperature of ignition. Tho fact that its 
vapour glows at ortlinary temperature is the 
beet-known property of pliosphonis. The glow 
diminishes os ine temperature is n.‘dueod, and 
diB^])ears at about 7°. 

If other eorabuBtiblo substances are examined 
under corresponding conditions, the vast ma¬ 
jority show the same property. All that is neces¬ 
sary is to heat them in admixture with air to 
a temperature near their jgniting-point, when 
they snow all the apiK’uraiK-c of ‘ phosphores- 
oenco.‘ ^ 

When plioaphorcaecnec bt'gins, tlie number of 
molecules comnining in a given volume of tho gas 
is Gmail, so that the elevation (Of temperature 
of the vhole mixture will be vnall. As the 
temperature is raised and the phosphoroGcence 


I inteinaifte.s, a greater rate of combination has 
j sot in, and the liberation of boat becomes more 
i perceptible. 

The foregoing consideEations lead to a 
' tolerably precise characterisation o! the tempera¬ 
ture of ignition. As heat is supplied at an 
increasing rate to a gaseous mixture, the rate of 
combination increases, and if the combination 
itself produces lieat, a point will bo eventually 
reached when this heat will be produced with 
Buflicient speed to compensate tne loss due to 
radiation and conduction. The source of 
extcnial boat may then be withdrawn and the 
burning will continue. 'I’hc temperature re¬ 
quired to induce this condition is the tempera¬ 
ture of ignition. It may be well illustrat^^ by 
(iiiusing tho vapour of carbon disulphide to issue 
from a tube at the mouth of which is a ring of 
platinum wire that can be gradually heated by 
an electric (current. A pliosplioreecent flame 
apyiears below the temperature of ignition. If 
the eurrent through the platinum ring be 
diminished, the llaino disappear*; if it be raised, 
the flame mcrea.sc« in intensity until a certain 
iemjieraturc is attained when sclf-Bustainihg 
combustion ensuc-s and accessory heat from tho 
platinum nng is no longi'r necoNsarv. 

The following table of ignition temperaturoH 
IS taken from a pujicr by Dixon and tloward 
(tlhcm. Soc. ’IVaiw. lOUl), 1)5, 514):— 


THK lUNITION TeMPER/VTUUKS 01' trASRS. 

Ignition kluiicrnturc 



lu oxygen 

111 air 



lU’tweoii Mean 

Jli'tweon 

Mean 

Ilydiogcn 
('arbon mon¬ 

580‘’-59U'’ 585° 

580°-590° 

585° 

oxide (moist) 

(i37°-6.'>8° 650“ 

(i44“-658° 

661° 

Cyanogen 

803“-«l8° 811° 

85O°-4i02° 

856° 

ICthylono 

50()°-0iy° 510° 

542°--647° 

643° 

Acetylene 
Hydrogen sul¬ 

41(>°-440° 428° 

406°-440° 

429° 

phide . 

22U°-2H5'' 227° 

:i46°^379° 

364“ 

Methane 

5G6°-700° — 

650°-750° 


Ethane . 

r)20°-630° — 

520°-630° 

_ 

1‘ropanc 

40()'’-570“ — 

_ 

_ 

Ammonia 

700°-860° — 

— 

_ 


The g^xses were sojiarately heated to tho same 
temperature and then allowed to moot, and in 
this way certain difliculties attending earlier 
methods of dotermimng ignition toinporaturee 
were overcome. Another method of deter¬ 
mining temperatures of ignition employed by 
Falk (J. Amor. Cheni. Soc. 28, 1517 ; 29, 1536) 
and modified by Dixon (Chem. Soc. Trans. 191(^ 
97, (>74), consists in compressing the gaseous 
mixture under practically adiabatic conditions, 
and BO heating it to the point of inflamma¬ 
tion. 

Types ol flame. A stationary flame with 
complete combustion may be produced by ignit¬ 
ing an inflanim&hlo mixture as it issues into a 
neutral aimosphens or by allowing one of the 
cointiiuiug goM-s to issue from an orifleo into an 
etinosphere of the other, and igniting the self- 
ma’do mixture at the orifice. A third method is 
to have one gas in excess in the mixture and to 
allow it to issue into an atmosphere containing 
the other. A” - j.*:—- ^ fonndm 
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jjimctice, and they merge into eeoh other. Let 
lu ooDsider the caao of s flame of carbon mon¬ 
oxide in air, which lends itself readily to experi- 
. mental demonstration. (i9ce Fic. 2.) 

If nndilutod carbon monoxide bo sent from 
a cylindrical tube under a gentle prosfluro, the 
flame which is formed ia a simple hollow cone of 
blue light resting upon the orifice of the tube (a). 
If the tube be made of a material of high heat j 
conductivity, then' is a perceptible gap of 



Fiu. 2. 

extinction between the end of the tube and tlie 
superimposed flame. 'I'he genesis of the cone 
ia easy to understand. The escaping goa makes 
its own mixture with air, and »u the stream is 
burned through from th(‘ outside os it ascends. 
The current of gas, moreover, ijwuoh with a 
greater velocity in the axis of the IuIkj than at 
the sides, where it is ini])cded by friction against 
the walls, and the unbumed gas in the middle is 
also heated as it ascends through the burning 
walls. Ah those factors promote the conical 
form of the flame. 1’iie form of a carbon 
monoxide flame issuing from aii}’ other kind of 
orifice can be prodictea from similar considera¬ 
tions. Of course, when the velocity of issue 
increases, tlie case is complicated by the turbu¬ 
lent motion of the gas. 

Let us now consider the effect of adding some 
air to the carbon monoxide before it i8.sue8 from 
the orifice. Air added in this Way is often 
called prinuiry air, and the additional air taken 
from the atmosphere round the orifice to com¬ 
plete the combustion is called Mxxmdary air. A 
small quantity of primary air prt^uoes a 
^liotkseaDle effect upon the flame. The cone 
d imi ni s hee in height, and soems to have a lining 
of brighter blue ft). With a little more air, the 
lining is seen to be a second cone within the first, 
Mid consequently with a gentler slope. The 
individuality of this inner cone becomes apparent 
wb^ the f^oportion of primary air mixed with 
, the issuing gas is sufflcient to bring the mixture 
wdl within the limits of ‘ inflammability ’ (c). 
The mixture is, indeed, inflaming downwa^, but 
ee the rate of propagation does not exceed the 
upward velocity ot the gas stream, the inner cone 
<S flame cannot travel against the gas stream. 
With more air, however, a greater rate of in- 
i flUQmatkm ensues, and eventually the inner 
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I oone, after booominc more and more squat, 

I enters the tube and travels against the gas 
I stream, first as a flat disc and then as a convex 
I surface with the bulge downwards (d). Through¬ 
out all these changes, the second or outer cone is 
maintained at the orifice of the tube by the com¬ 
bustion in the exU'rnal air of the carbon mon¬ 
oxide remaining in excess of what the primary 
air suffioes to oxidise in tho inner cone or 
disc. It loses in hrillianno owing to its dilu¬ 
tion with tho carbon dioxide and nitrogen 
which come u]> from the inner oone. If tho 
primary air supply be further inci'casod, tho 
outer cone will eventually disappear altogether, 
for a j)oint is reached when ilie oxidation con be 
coinpieted by the jirimary air (c). This, however, 
is not tlie end point, for an excess of primary 
air, just like a defect, diniiniahcs the rate of 
infianimalion, and consequently when this rate 
lias iK'cn reduced below the velocity of outflow 
of tho gaseous mixture, the single (inner) cone 
of flame will rise again to thi5 orifioo of Iho tube 
and remain there. It is to bo noted that now 
the flame consiHls of only one film of burning 
gas. Tho film is still conical, in virtue of tho 
greater a.Kial velocity in the stream of gas, but 
it lias considerable thicknoss, and its lower 
boundary is also a conical surface { f ). There is 
tii'cd of a term to distinguish a flame of gas 
which is burning continuously throughout tho 
1 whole or nearly the whole space includod hy its 
: oxtemal surface, from one which is burning in 
thin films and whoso oxtonial surface includes 
I ehiofly unbumed gas. Tho word * solid' is 
; sometimes used in this connection, but a * solid 
I carbon monoxido flame ’ is obviousiv a contra- 
i diction in terms. Jhirhaps one might speak of 
; a volume jlamr as distinguishod from B.Jllmjlame. 
j Tlie last stage to bo described in the develop- 
I ment of tlio carbon monoxide air flame is reached 
! when tho excess of primary air brings tho 
! mi.xturc noar to tho limits of inflammabibty, or, 
precisely speaking, when tho rate of inflamma¬ 
tion of tho mixture is reduced Ixilow tho velocity 
: of the slow-moving part of the ascending gas 
; mixture adjacent to the walls of the lube. The 
i flame then geta detached from the orifice, rises, 

' and disa])pcars, 

Tho various phases are shown diagramma- 
tioally in Fig. 2. * 

In Fig. 2 (e) the inner cone, which has re- 
i treated, is shown as being arrested at the orifice 
I of tho narrow tulje through which the mixed 
j gases are led into the wider one. Tho arrest is 
I due to tile fact that the velocity of efflux Uirough 
the narrow tube oxcoeds in all cases, for the 
: present example, tho velocity of inflammation 
I of the mixture. Mention may here be made of 
j a piece of apparatus used by Smitbells (Chem. 
i Soc. Trans. 1802, fil, 204), known as tho flame 
I separator, as it depends for its action on the 
' principle just refenw^o. The separator, Fig. 3, 

: consists of two cylindncol tubes of different dia¬ 
meter, made preferably of fireproof glass, one of 
; which slides within the other through an tndia- 
i rubber collar. A brass candle adapter attached 
to the innea tube iceeps the inner tube coaxial 
with the outer one. Mixtures of an inflammabfe 
gas and air can be admitted through the lower 
end of the nanew tube by attaching a T -piece, <tr 
more simply fly attaohiiu it to a Bunien bniw. 
In all cases, a two-conetTflame can be obt^ned, 

F • 
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and if the proportion nf the gaeee is suitably 
adjusted for a velocity uf inflammation intei> 
miniate between the upward velocity of the 
mixture in Hie wide tulni and that in the narrow 
one, tlie inner cono will descend in 
the wide tube and conic lo rest at 
the uriiiue of the narrower one. If the 
outer eone be now slid down, a two- 
coned flame reatii on the oriftce of the 
narrow tiilx*. The praolieal value of 
the appliance dcjiends on the fact that 
it yiej-nnts of the asjiiralion of the m 
tcrconal yraHi's in a ])Ur<! and in 

this way it lias been of aHsi,stan<;e in 
the stuilv of the progresK of coinbuHtion 
in (“oitipfex j^asos. 

Flame temperatures. The nrincinlea 
developed in the discii.sHKjn of Ino earuon 
monoxide air flame are njiplicahle to all 
may no^ apjily Hioni in 
coiiiieotioii with tlie quontion of flame 
H'tnpcraturo. 

In H]>oaking of tlu' temperature of 
flame it is necossary to apeeify exactly 
wJiat iH meant hy 1 ,]hi term. Mo^fl 
flames are <.‘omposod of thin fllms, 
and their externa) Hurfacc en<!losc8 ' 
a largo (juantity of unhiirncd gas VVe might ' 
Hjieak of the tenipiTuture of Muc^h a linnio an ' 
Jneauing the average thennol state of the 
burning lilms and tlie ineluded gas. 'J'his, . 
however, is not Die custom. 'J'he temperature 
attainable by the combustion of gas usually I 
means the tompeiuturx' whiuli would bo indicated | 
by a Ihonnomctric instrument wholly immersed I 
in the region of eomliustion. It is obviously 
ve^ diflicult to make such measurements in I 
thin fllms of flaino; in volume ilamos, produced I 
by burning I'eady-nmdo mixtures of combustible 

S ie and air it is more practicable to measure 
e temperature oxjiorimcntaJlv. Flame tem¬ 
peratures have lieon meoAiureif cBicfly (I) by 
e»loding gaseous mixturee and calculating the 
t^peraturo from the incroose of preesuro; 
(2) Dy means of thenuo-couplee, esoecially tlie 
platinum platiiuim-rhodium couple of Lo 
Uhatelier; (3) by use of optical pyromoterH in 
cases where the flame contains inoandweent 
solid; (4) by analysis of interconal gases and 
the application of thermodynamics. The sub¬ 
ject, both tlieoretically and practically, is com¬ 
plicated, and an adequate discussion is Impossible 
within the limits of this article. A ‘ theor<*tit‘al 
temperature ’ of flame may be calculated from 
the thermal value of the reaction, and the mass 
and specific beat of the products. Thus, in the 
case of hydrogen, taking the heat of formation 
of a gram-molccule of steam (18 grams) to be 
67,5(H) oalorice, and the spociflo heat of steam 
at constant pressure as 0 4805, we have : 


I Calculated flame temperatures, where air is 
j used, proceed on the assumption that the heat 
I of reaction is distributed among all the products, 
j including the passive nitrogen, so as to bring 
j them to the same temjicrature. Thus, in the 
! above <;alculation. wo should, if air were used 
! instead of oxygen, add a term for the nitrogen, 
; &c., and so obtain a value of about 2500°. 

Tcnijioraturos of flames, calculated in this 
way, for combustion in air, approximate more 
nearly to the nK^asured torapciatures, and the 
numbem obtained scrv'c at least to give an 
estimati' of Hio relative t(unperature9 of different 
flames. 

The following table is calculatiCd by Le 
('liat olu'f, all the substances being burnt in air:— 
Ctot'O,, . 2040“^ (Tl* . 1850° 

' CtoCo" . 1280" C.Hj. . 2420° 

(-•() . 2100” JToducergas 1350° 

Ha . . 1070'' 

To iJie.so may be added : combustion of C 
in air with .5 p.c. unused oxygen in the products, 
1050", liitto with 5 i>.c. of CO in the products, 
1030°; producer gas with air supiily heated to 
KKHr, 2150". 

How far tlu'SO calculated figures accord with 
dircefi nicasui*oments may he illustrated by the 
following TCHults, given uy F6ry, who used an 
optical nintliod :— 

Maximi m Flamk Tkmi’khatiiiib.s (Pfeuy, 1904). 

,, ^ 3>eg. C. Be*. F. 

Bunsen burner, gas fully aerated 1871 34CK) 

„ ,, insufficient air 1712 3114 

Acetylene Hamo . . 2548 4018 

Alcohol flame .... 1705 3101 

Dcnayi'ouze burner, alcohol and 

air.18(12 3384 

Bo., half each alcohol and petro¬ 
leum spirit .... 2063 3727 

Hydrogen, free flame in air . 1900 3462 

Oxy-ooal gas blow-pipe flame . 2200 3992 

Oxy-hydrogen „ . 2420 4388 

To these may bo added a series of recorded 
temperatures of the flame of a Bunsen burner 
using coal gas : 

Maxjmo.m Temi’eraturb in the Flame or a 
BtnSEN JirUNBR USING COAl. Qa8. 


I>atc. 

1800.—Huneeu and Kirchhoff 
1877.- Rosetti 
1892.— Rogers 
1892.—Lowes 
1896.— M‘Crae 
1896.--Wacgener 
1899.- Berkenbuech 
1902.^—White and Traver 
1906.—Fery . 


Deg. C. 
2350 
1360 
1230 
1630 
1726 
1770 
1830 
1780 
1671 


Rise of temperature = 


57660 


• 6666 °. 


'^8x0'4805 
As a mattei of exporimeut, the temperature of 
an oxy-hydr<»en flame is found to be about 
2400° (P^). 

The discrepancy is easily aindersfood, for the 
oalculation involve several assumptions; the 
^tion is Bujmosed to be instantaneous, so that 
no heat is moated in the process, end the specific 
heat of steam is suppo^ to be^ unaltered at 
high tempmtam. ^th these assun^tions, 
are hi eonSiot with experimental facta. 


Only the later numbers are of importanoe. 
Feiy' estimates the temperature of the e^tric arc 
to be 3760°, and that of the sun to be 7800°. 
The temperature of the acetylene-oxygen flame 
is suppo^ to be between 3000° and 4000°. 

Another aspect of the temperature qnestion ' 
presents itself when the practical use <u flamfc 
IB involved. As an example, we may briefly 
dlscusB the use of a coa^as air flame ior heating 
a Welsbach mantle. The object b, of oonnop 
to get the mzimnm flux of light from tbs eon* 
sumption o| a fixed amonnt of coal gas, in nthclr 
words, we seek to rajpe the 
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«v, maximum tempentore. A: 
|iriinary consideration ia, that as the temperature ; 
M raised the intensity (A light emitted moreases t 
in a much more rapid ratio. The total energy | 
radiation of an ideally ‘ black body ’ increases ! 
as the fourth power of the absolute temperature, . 
and of this radiation the proportion which is I 
visible also incrcosee in a rapid ratio. This | 
is especially the case witli the Welsbach mantle | 
which has a selective radiating power for short | 
wave lengths. Even a reduction in tem¬ 

perature must therefore accompanied by a : 
loss of intrinsic brilliance. 

Again, having regard to the shape of a ; 
mantle, to its inevitable irregularities, original 
or acquired, and to the unsteadincijfl of a flame, 
it is evident that a higli tomperaturo can only 
be attained when it is suspended in a tolerably i 
thick stratum of fiaino, altliough the mantle iia.s | 
doubtless a steadying and localising elloct on ] 
the flame. 

Reverting to the discussion of tho carbon ; 
monoxide air flame wo may easily apply tho i 
conclusions to tho case of a Bunsen burner, j 
using coal gas and air. 'rids burner, as used in ' 
its ordinary form, draws in through tlio air ports i 
at the base (by t,ho injector action of the coal j 
^OB escaping from tho nipple) from 2 to 2 ^ tiruos , 
ita volume of air, about half the amount required 1 
for completo combustion. This air effects a ' 
partial oxidation of tlie coal gaa, ami yields un ' 
inner cone of flame ; the oxidation is completed i 
when the products from the inner cone mingle j 
with the extciTial air, an outer I'oni* being formed. : 
A Bunsen or * atmosjiheric * burner tlius gives a ! 
double flame. If tiic two concr bo separated by 
a considerable interval m the flame separator, | 
it is easy to show Lliat the temperatures reigning ' 
in tlie inner cone exceeds that in the outer cone. ! 
but if the two cones arc close together, tho 
reverse is the case. The explanation is to be . 
found in the fact that when the two cones are 
near, the gases coming to tho outer cone have 
still a high temperature from the act of their 
formation, and tlioir temperature is to bo added 
to the rise occasioned by tho completion of their 
combustion, in tho outer cone. From this it 
might appear that tho beet disposition of a 
mantle in the flame would be that in which it ; 
oooupies the surface of the outer cone. But it 
is to be remembered that the mantle deforms i 
the cone by altering tho currente of gas and ! 
air, and, besides, the outer surface oT the mantle ! 
will lose heat very rapidly if it is at the con¬ 
fines of the flame. We should rather suppose, 
therefore, that it would be bettor to submerge 
the mantle in the flame to some extent, and if 
this is done and if at the same time by the use 
of a glass chimney we cause a more rapid flux 
of air round the flame to quicken the combustion 
in tho outer cone, we got the conditions which, 
as a matter of fact, have been found meet 
effective for heating a mantle with the original 
type of Bunsen burner. 

The great gain to be secured by raisiiu the ; 
temperature oF the mantle soon led to modlfica- < 
tions of the ori^nal Bunsen burner, whereby it, 
WM sought to introduce a larger proportion of | 
primary air. A lane number of devices have : 
been used, of which the two most important ^ 
relate to tibe form of Idle burner tube ana to the | 
constiraotiio& of the burner bead. 


In the well'known ‘Kem burner, the tube 
formed on tho Venturi prinoij^, and hai li 
temally the form of a hyperbolic spindle a. Th 
secures an intake of primary air wnioh is praoi 
cally sufficient for complete combustion. T1 
mixing of air and gas and the stability of tl 
flame arc scoured by an expanded burner heai 
capped by a serrated disc h, through the teeth 
which the gas mixture issues in narrow stream 
These Htreams coalesce and produce a conic 
sheet of flame of uniform character and sansib 
thickness. The flame, in fact, is of the blo^ 
pipe typo (Fig. 4a). 

The M^ker burner is constructed on mu( 
tho same principle, but the gas mixture pass 
from tlie expanded burnt^r head through a de< 
metal grid. The flame is therefore a cone 
gas burning through and through. It will 1 



Fio. 4a. Fio. 4b. 

soon that tho Kem flame is designed special 
for heating a mantle, whilst tho M6kor flames 
designed to confine the combustion to the sma 
ost attainable volume and to provide a ve: 
compact hot flame for general laboratory 
furnace use (Fig. 4b). 

Increased in-draught of air can also 
secured by tho use of chimneys. If the gss 
air or both are put under extra pressure and: 
delivered with high velocity, volume flames nu 
bo obtained, which, unlike that of a M4k 
burner, have their base blown up into a cod 
80 that the flame appears to be two-coned. Th 
really constitutes a blowpipe flame. 

T^he inversion of a Bunsen flame modlfl 
its form in such a way as to make it mo 
efliciont for heating a mantle. The outer fit 
of flame becomes shorter, thicker, and mo: 
globular, and as the products of combostic 
necessarily drift bacl^past the flame, thwe 
a certain recuperation of heat. 

The efficiency of various flames for mvii 
light may be gathered from the fcfl&wfi 
table of illuminating value per oubio foot i 
gas consulted. The nnmben are, of oom 
only approximate, but they give an idea < 
the temperaturee to which the manUe is rabsi 
The foot thaff in all cases the same chemio 
action is talAng place shows how 
the term * flame temperataie * may he imla 
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the precise charaM-er and use of the flame ore 
specified:— 

Cnndle-poirn per cubic fool 
Form of buriifr consumed 

Ordinary balRwhii^ 2'5 

Argand 

Wenfjnin ( n;K»*ticjHt i vc) K-!) 

Uprighl, with miuillr :'i)-4<t(ammlingfnprrKHiir<') 
Jnvor1«‘(I ,, L’O TO „ 

Tim JiotUwt, fianif Ihiit iw in practifal iiso is 
that of llic nci'lyiono fixyj'cn hlowpipo. In 
tliifl CQ«(j, we liavo not only th(5 heat of oxidation 
of the carbon and liydro^'on involved, hut also 
tluj positive Jieat <d doconipoHition of tho mole¬ 
cule of acetylene. Tlu> aeetyl(Uie-oxyj.ren (lame 
can b<^ used for welding iron and also for j)er- 
forating steel. (T. AcKTynuNE; Oxvoen.) 

The chemical changes taking place in flames. 
Tn tiio foregoing jiart of this arlJele, attention ; 
has Iwen drawn to general princjples whieh art' | 
apiilicablo to flames as a whole, witliout j)arti- ; 
eulnr regard to the dctaih'il features of Hlructure | 
or the stages of eliemtcul d«'eoin])osition. before, i 
diseusaing any fhnne in jiartieular, we may , 
adduce one or two further general eonsidera- i 
tions with regard fo ehemieal eliangcH in flame. | 
It has been assumejl. for the sake of simplieity, [ 
that in the flames of hydrogen and earhon j 
monoxide the chemical eliange takes place in one j 
simple stop. When wo come to othiT eoni- i 
bustibles, it is oliidous that sueh assumptions 
may bo Htill K'ss warrant able. If, for o.'campli^, 
wo are dealing witli a combustible idemcnt 
which is cajiabli* of ulloriling two oxidiw, wo may 
have tho uxidation m tho flame taking place in 
two stages, each stage producing a uistinctivo ! 
feature in the llaiue. Or, if we have a com- 
bustiblu consisting of two or more o.vidisalde 
clomonts, the oxidation might conceivably take 
lace fielcHitively. Again, in a compound com* 
ustible, it is jiossilile that tho oxygen may, in 
the flrsl instance, add itself to the molecule of 
combustible, producing a complex sulwtance 
which is ultimately nwolved. Lastly, it is 
possible that the heating eflect of the burning 
onvelopo in a flame may produeo a purely ther¬ 
mal chemical (iflect on some of tno enclosed 
unburned gas. 

Only in a ft'W easw luws tho progressive 
combustion in flames lioon studied fully. In 
tho ease of a cyanogen-air flame, it has been 
shown (Smitholls and Dent, Ohom. Sue. Trans. 
1894, fl6. (103) that tho inner crimson film of tlie 
flame marks tho combustion of the gas to carbon 
monoxide, whilst in the blue fringe of the flame 
the oxidation is completed by tho combustion 
of tho carbon monoxide. 

The case of hydrocarbon flames is naturally 
the one of most interest. The earliest investiga¬ 
tions of the progress of combustion, made by , 
Hitgard, Landolt, and Blochmann, in Bunsen's 
laboratoTV, dealt with the flames of tho complex 
oombuBtiolee, wax, vegeti^blo oils, coal gas, and ; 
consequently the reeulta were not very easy to 
intei|M<et. In more recent times, tho comous- i 
tion of tingle hydrocarbons has been carefully ' 
examined. 

The .flame of a hydro^on-earbonfoompound, | 
or el a mixture containing some quantity of I 
^fdlOOarbcms, shows three distinct parts when 
prodiKoed in the ordinary way. H)f these, the i 
OMtt oontpiouous is the bright fellow patch > 
from which the chief flux of light takes place. 


The lower part of the flame is surrounded by a 
bright-blue sheath or ‘calyx,’ which thins off 
and ends where it overlaps tho lower port of the 
yellow region. In addition to this, the whole 
flame is surrounded by a complete mantle of 
dimly burning gas. The flame is hollow, that 
i.s U) say, it jh 
filled with uri- A 

burnt' gas, and /r\ 

even the bright- j \\ 

yellow region is // VU^ 

j an (‘.\trcmely thin j I 

! conical shoot. A I 1 /• 

' diagrammatic see- 1 % 

tioii of a norma) j. 

liydroearbon flame - /fry 

iR given in Fig. fi \V j 


v..ln|,l,i™t of tho Ihvuohx-v 

dilTorcnt [larts jh, 
of course, difToront 
in diflercnt llamefl. 

U dependb on 
many factors, tlio 
chief of which ao' 

(lie richno«8 of flic 

giiH in carbon, iiic 5 , 

character of tho 

orilice, and tin* rate at which the gas isaues. 
'J’iio flame of acetylene, suitably developed by 
allowing the gas to Ihsuo in sucli a way that 
it is HjiiH'ail out into a tiiin sheet, shows u 
very laigc yellowish-white luminous region, in 
tlie glare of wdiich the other iiarts of tho flame 
are indistinguishable. On the other hand, 
an alcoliol flame exlilluts scarcely any yellow 
luminosity. 

If wo take the flame of a liydroearbon 
burning in an ordinary Bunsen bumor with the 
air ])orts closed, and then gradually open tho 
})oi'tH, we can sec how the luminouH flame passes 
into till) ‘ atmos])hcri(! ’ typo, and convince 
ours(‘]voa that the blue calyx and the mantle of 
the lunimotifi flame represent respoctively tho 
inner and outer cones of tho Bunsen flame. 
Turning a luminous flame low to tho point 
whore, only a blue button of light remains at tho 
bumor tip, cnablas us to sec a like transition. 

The changes oxjioricnced by hydrocarbons 
when burning in a Bunsen burner wore investi¬ 
gated by Srnithclls and Ingle by tho use of the 
cone-separating apparatus already described 
(Chem. iSoc^ Trans. 1892, 61, 209), and the 
analyscB of the intorconal gases (after cooling) 
showed in all coses that a partial combustion 
liad taken place, leaving very little of the 
original hydrocarbon unoxidised. Tho products 
of partial oxidation were carbon monoxide, 
carbon dioxide, hydrogen, and water vapour, 
accompanied, of course, by the nitrogen oi the 
‘ primary ’ air supply. The following are some 
oi the analytical results :— 


Gas employed. 

r,H4 

CH, 

C.H, 

Ckial gas 

CO, . 

3-6 

C-8 

131 

4*2 

H.O . 

9-6 

17-6 

7-7 

16*0 

CO 

16-6 

4-6 

60 

8-8 

Hydrocarbon 

1-3 

— 

0-6 

— 

H, . 

9-4 

3*9 

0-6 

9*3 

N, . . 

60-6 

67*2 

731 

62*0 


These analyses refer to the cooled gases, bat 
>erimentB (unpubUshed), made by a nH^iflea-. 
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tioa of DeviUe’a method to entrap and preserve 
the gases as they exist at the high temperature, 
have not given any ground for doubting that 
the figores given in ^e table represent essen¬ 
tially the changes that occur in the inner cone. 
Independent experiments by Haber and Bichardt 
(Zeitsch. anorg. Chem. 1904, 38, 5) boar out this 
oonolusion. 

Wo may say, tliercfore, that the inner cone 
of a Bunsen flame (and the corresponding blue 
calyx of a luminous flame) marks the region of 
a partial oxidation in wliich no carbon, but 
some hydrogen, remains unoxidisod. In the 
outer cone (and the corresponding mantle of a 
luminous flame), the carbon monoxide and hydro¬ 
gen coming from the inner cone (or calyx) find, 
and are burning with, the air necessary to com¬ 
plete their oxidation. 

The experimental results just described stood 
in direct o])po.sition to a view wliicli, notwith¬ 
standing rcpcakid contradictory evidence, liad : 
prevailed for three-quarters of a century, namely, ; 
that in the combustion of a liydrocarbon with a 
deficiency of air, the hydnjgen was prcforcutially 
or selectively oxidisecl, and thi? carbon set free. 
It might now U' said that there is a preferential 
or soloclivo combustion of the carbon. 'i‘hc 
use of these expressiuriH luw, however, boon 
objected to, and need not be nisisti'd upon. 
The objection unses cluedy from a eonsiclora- 
tion of the roHuIts obtained by a long and 
careful serins of Ntiidies made by W. A. Hone 
and his collaborutoi's, on the progressive oxida¬ 
tion of liydrocarlions from a Uunjicraturo of 
250® ujiwards. Tlio results of these cxjiori- 
monts are summansisd in a Kepovt on Uoseoua 
Combustion, drawn up by Professor Hone for 
the Britisli Association (arc H, A. Beport, , 
Sheffield, 1910), and in this report rofercnecs 
to the original papers will bo found. According , 
to Bone, ‘ the attack of the oxygon upon the 
hydrocarbon may bo supposed to involve a ! 
series of rucocssivo “ hydroxylations,'’ the ’ 
hydroxylated molecules either breaking down 
or undergoing furtlicr oxidation, according to 
their relative stabilities and allinities for oxygon 
at the particular temperature.’ The following 
is the scheme for ethane 

(a) Six)w Combustion at 300'’'400°. 
CHjCHa-^CHaCHaOll-^CHaCHCOH)^ ■ 

Ethane. 


Kthjl alcohol. HjO+CH'.-CHO->- 
Acetaldehyde. 

->CO + HjO |-H-CHO->H COOH->CO(OH). 

Form- Fonulc Carbonic 
aldehyde. acid. acid. 

OO + H^O C^+HjO 
(6) Explosive Combustion. 

O 1 2 

CH.CH, CHjCHjOH CH,CH(OH). 

■tC+2H2+CO/ 

• ®sp©rimental basis of these schema lies 

m Ime actual isolation of the various members 
of the series of transition substances implicated. 

oUows of only one further reference to 
wwse investigations. Bone conaiden that one 


I of the most signifioant features ‘ has been the 
I proof afforded of the relatively much greater 
I affinity of hydrocarbons as compared with that 
' of either hydrogen or carbon monoxide, for 
oxygen at the high temperature of flames.' 
Thus in the explosion of a mixiuro oorroapoodiog 
, to CaHj+Ha + Oi there is practically no forma- 
, tion of steam. 

Luminosity of hydrocarbon flames. In tho 

1 pieccding paragraplis, tho chemistry of the oom- 
i buation of hydrocarbons in the Bunsen flame and 
I in tho blue parts of luminous flames has been 
I explained in its general features. It remains to 
' oxjjlain the devompmont of the yellow luminous 
region of hytJrocarbon flames. As is well 
known, tho lint explanation was given by 
Humjihry Davy, in I8l(i, among many other 
observations upon flame still well worthy of 
attention. Davy attributed tho luminosity to 
tho depositidii of solid charcoal, which he said 
‘ might be owing to a doeornposition of a part 
of Iho gas towards tho interior of the flame 
vvlioie tho air was in sinallest quantity.’ The 
ambiguity of this explanation and its supposed 
imjdication of a sefcctivo combustion oi tho 
hydrogen, have already Ixnm alluded to. Start¬ 
ing from this ‘ solid particle ‘ explanation of the 
light of a hydrocarbon flame, Davy was led to 
consider tliat all flames of high luminosity con¬ 
tained solid particles. He knew that the 
pbuHphorio oxido was gast'fled at the tempera¬ 
ture of a phosphorus flame, yet ho believed that, 
in tile flame itself, soliil pHriiclce of tho substance 
wore produced, and wore conserved by the 
clastic force of tho flame producing a kind of 
com^iression. 

Davy's ('X[)lanatiou remained unossailed 
until lHfl7, when K. Frankland made an im¬ 
portant series of researches on the luminosity 
of flames. He concluded : 

(1) 'I’hat bright flames exist which do not 
contain solid particles. 

(2) That the luminosity of flames depends 
mainly on tho density of tho substances con¬ 
tained in them. 

(3) That feebly luminous flames may be made 
bright by comprosaing iho burning gases. 

(4) That the lutnino.sity of ordinary hydro¬ 
carbon flames, such as that of coal gas, is not 
due, in any important degree, to solid partioles 
of carbon, but almost entirely to the glow of 
dense hydrocarbon vapours. 

Frankland attributed luminosity to the 
density of the hot gases in the flame, whether 
this density were due to Wgh molecular weight 
or to compression. So far as hydrocarbon 
flames are uoncernod, Franktand's views were 
soon submitted to destructive criticism,.espooially 
by Houmonn. 

A crucial exricrimcnt indicating the presence 
of solid particles in flame, fiist proposed by 
Soret and subsccj^ueatly by Burch and by 
Stokes, consiste in focussing the image of tlM 
Hun on to tho flame and examining the scattered 
light with a Nicol prism. That t^t, applied to 
a Hydrocarbon flame, gives a positive result, and 
the presencS of solid particles in such flames is 
no longer disputed. « . 

It is true |>hat the black soot deposited oa 
cold objeots jntroduoed into luminous hydro¬ 
carbon flames is by no means pure carbon, bnt 
this is to be expected when we remembee^that 
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any oo&deoaiblo hydfxx!arbon in the flame would 
be dopoeited along with particloe of pure carbon, 
ii BUOQ were, in fact, preeout. 

It may now bo taken as agreed that the | 
luminosity of hydrocarbon flames is due to the j 
separation of solid particles of carbon. The 
process by which the carbon becomes separated ! 
in the flame iias l)oen the suliject of much experi* j 
ment and discussion. 1h it involved directly in 
the oxidation that is taking place, or is it merely 
a tiicrmal ofTect—and in either case, what arc the 
stages of the process ? It is impossible here to 
give more than a brief Bunimary of the views 
that have been held. In the first place, it may 
be said that the old, simple, and plausible 
explanation of a preferential oxidation of hydro¬ 
gen is unti^uable for rousons already given. In 
the next it may Imi aflirnied that, generally 
speaking, hydroearhons, Huhji'ctecl lo a liigh 
toiiiperature, dejiosit solid carhori. It would 
appear, therefore, tliat the sejiaratioii of carbon 
in H flame might 1 hi a.de<jua 1 ><dy explaiiii'd hy liie 
fact that the imbuineil liydrocarbon witlmi tlie 
burning sheath of tiie llaiiio is highly heated by 
the burning parts. Tlie fa<‘t that wiien the heat 
is tapped for the burning Hlieat-h by a ring of cold 
wire, the flame kisi's luminosity, is one among 
Hoveral indieutioiiH tluil tlio dojiosition of carbon 
is a secondary and a tliermal effect of f lic com¬ 
bustion. At the same time, the experiments of 
Done would lead u.s to bo cautious in denying 
that in some easits t he (‘homical jirocosHcs might 
eontribuio to the separation of carbon. i 

Taking it for granted that the doconi]>osition 
of the hydrocarbon is purely thonnol, wo may 
next consider tin' stages that uro passed through 
This raises the whole qut'stion of tlie thermal 
deoompusition of hydrocarbons, a subject of 
great experimental difficulty, on which really 
satisfactory results have onJy bocui obtained , 
over a small range of sulistances {mi Done and 
(k)ward, Chom. Moc. Trans. lfK) 8 , fl 8 , 1197). 

The view that etliylcnc, on heating, undergoes 
the simple change O 2 H 4 —CM-CH 4 , wliich long 
served to explain the iuiniiiosjty of flames, is no 
longer tenaulo. The doctrine of Berthelot, 
according to which the molecultis of hydro¬ 
carbons, on heating, undergo progressive 
ooalesoence with elimination of liydrogen until 
in the end a molecule is left containing a negli¬ 
gible proportion of hydrogen, is likewise con¬ 
tradicted by modem experiments. The hypo¬ 
thesis of V. Ji. L(!W 08 (Proc. lioy. Soc. 1895, 
67, 460), that the formation of acetylene and its 
subsequent decomposition are the essential cause 
of luminoeitv in hydrocarbon flames, is regarded 
by those who have concerned themselves with 
the subject as based on wholly insutlicient 
evidence. 

Bone and Ckiward have been led to the con¬ 
clusion that the thermal decomposition of 
hydrocarbons is too comj?lox a phenomenon to 
be represented by ordinary chemical equations. 
Deali^ with methane, ethane, ethylene, and 
aoetylenSf tb^ obeorvo first of ail that whilst 
at a high temperature methane, f he most stable 
ol thh hydro^bons, is resold directly into 
oaihib And hydrogen, this only takes place in 
Nwnlwt with s^d surfaooa, whilst with tne three 
other gases deoompositioii takes Uace through¬ 
out their bulk. 

Tb^ Bay: * In the oases of ethane and 


ethylene, it may be supposed that the primary 
effect of high temperature is to cause an elimina¬ 
tion of hydrogen with a simultaneouB loosmung 
or dissolution of the bond between the carbon 
atoms, giving rise to (in the event of dissolution) 
rofliduos such as : CHj and • OH. These residues, 
which can only have a very fugitive separate 
existence, may subsequiintly either (a) form 
and H(J | Oil, as the result of enoounten 
with other eiiuilar residues, or ( 6 ) break down 
diria^tly into carbon and liydrogen, or (c) bo 
(lirectly “ hydrogonieed ” to methane in an 
atmosphere already ricli in hydrogen. These 
throe poHsibilitios may all bo realised simul¬ 
taneously in the same decomposing gas in 
[irojiortions dependent on tlio temperaturp, 
pressure, and amount of hydrogen present. The 
whole jiroceas may he represented by the follow¬ 
ing scheme, the dotted line indicating the 
tendency to disHoIve tho fiond between the 
carbon atoms wliicii becomes actually olfoctivo 
at higher tciriperaturcs :— 


(a) UjHj+H,. 

(b) 2G+2H,-t H,, 
(cj plUA H 2 -= 2 CH 4 . 


IIH 

H'0i'(VH=12(;(!U,) 1 JIJ 

HjH 
Dtliaiic. 

HH |(a) 

,,„=[2(:(1H) | (6) 21!+^,+ H,, 

,./(«(2H2=20H4. 

' In tho oaHO of aoctylono, tlio main primary 
change may bo oitlier one of polymoriaation or 
of dissolution, aexording to the Umiperaturo, and, 
if tho latter, it may be supposed that tho mole¬ 
cule breaks down across the triple bond between 
tho ca.rbon atoms, giving rise to 2 ( iC/H), and that 
these residues are subsequently either resolved 
into carbon and hydrogen or “ hydrogonised,'’ 
according to circumstances, thus : 

Y 

Polymerisation. 

‘ Incidentally, it may bis observed that the 
rales of decomposition of these hydrocarbons 
are very much slower than their rates of com¬ 
bustion, and that therefore in the propagation 
of a flame through a homogeneous mixture of a 
hydrocarbon and oxygon, oxidation will probably 
take precedence of ail other chemical pheno¬ 
mena.^ 

The chemistry of a hydrocarbon flame has 
now been given as completely os present know¬ 
ledge and the limits of space allow. 

The art of getting the maximum of light from 
a hydrocarbon solely by its own combustion may 
be deduced and stated briefly as follows: The 
gas must be so burned as to liberate within 
tho burning walls of its flame the mazimam 
amount of solid carbon that con be heated to 
a high temperature and be wholly oxidised as 
well. Spreading out the gas stream iuoreases 
the relative proportion 01 hot non-lominouB 
burning walls, and diminiehea the oentrd xofte 
of unbumed gas from which tlM solid oariwo 
has to be derived It is on right adjustOMfit 
! of these two elements of a flaflie for the partiosBff 
I gas in use, that the oonstniotion of a aaitabl e 
' Wner dej^ds, and it is obvious that tbe bsfft 
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nsnlt oAQ only be maintftined when the oom- 
positioiL of the gaa and air, the pressure, and 
temqpMutuie ue \ept constant. Of course, the 
question is complicated when we introduce the 
uoton of chimneys and heat>rogenerating 
dericee. 

It may be convenient here to revert to the 
question of obtaining the highest temperature 
u^>m the combustion of a fixed amount of a 
hydrocarbon. Fig. b is reproduced from 
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photographs of five gaH'daiues, where the rate 
of gas flow was constant. In the first flame, a, wo 
have the gas burning (with some smoke) witiiout 
any ‘ primary ’ air'; in the second, wo have just 
sumcient primary air to cause delumination ; 
in the third, we have os much air as possible 
without producing instability ; in the fourth, a 
M6keT burner is used ; in the fifth, wo have the 
gas mixed, before issuing from the burner, with 
enough carbon dioxide to produce delumination. 
SpeaKing of each flame as a whole, wo may say 
that the hotness is greater in proportion as the 
surface is lees. In the carbon moxido-fed flame, 
neutral moleculee of that gas are wedged in 
between those of the combustible gas, and the 
mixture has to wander far before it gets mixed 
with enough oxygen to sustain ‘combustion. 
When it acquires this oxygon, there is round 
each burning molecule not only the inert 
nitrogen of the air but the equally inert carbon 
dioxide. The flame is a thin, single, hollow sheet, 
and the temperature is quite insufficient to 
decompose any of the hydrocarbons within. 
It has the nondumlnous appearance of a Bunsen 
flame, but it is, of course, absolutely the opposite 
of that in its genesis, for it represents a^yed 
and diluted instead of quickened and concen' 
trated combustion. 

The limits of space have rendered necessary 
the omission of many matters relating to the 
ohemistiy and physics of flame. The exact 
molecular and suD-molecular mechanism by 
which the huninoeity of wholly gaseous flames 
regnUted, is a sulqect of great interest. It is 

_' Ijw unsteadlnaN of this flame makes It appear 

■OBMwbat too large In a photograiflL 


now generally believed to be associated with 
electrcmio transaotions. Some disoiusion of tike 
subject is to be found in the British Association's 
Keport, Leicester, 1907 (SmitheUa’ address to 
Section B). A. Sm. 

FLASH LIGHTS. A term usually applied to 
combustible mixtures which bum with a brilliant 
light and more or less instantaneous flash, and 
which aro employed specially for photographic 
purposes. Slower-burning mixtures, which lUso 
yield a bright light on combustion, such as are 
used for signalling purjioscs, are known as jlarea 
{see Bunqai.uqhts; kthb; Pyrotbcuky). 

For photographic purposes, it is essential 
that the flash light Hhould be (1) sufficiently 
brilliant, (2) of tho denirod rapidity, and (3) 
specially rich in actinic light. Of all tho known 
available materials wliicli, on combustion, yield 
a bright and highly actinic light, tho metal 
magnesium stands pre-eminent; and the 
oarliefit and simplest methods of employing this 
substance consisted in projecting a definite 
(quantity of the finely powdered metal into tho 
flame of a spirit lamp. 

Various contrivancos have boon doviacd for 
this purpose : one simple plan is to place tho 
charge of magnesium powiior in the bowl of a 
clay tobacco jupe to the moutbpioco of which is 
attached a ruhoer Ixvll. A loose plug of tow or 
cotton wool, wotted with methylated spirit, is 
then lightly inserted into tho mouth of the bowl: 
tho spirit 18 ignited and, on suddenly equeeslng 
tho ball, the masnoHium is thrown into the flame. 

Tho next development consists in mixing 
the powdered magnesium with some highly 
oxygenated salt, such as potassium chlorate, in 
such proportion that tho mixture, when placed 
in a small heap upon a motal tray, could be 
I ignited by a match or taper, and would bum 
with much tho same rapidity os a similar small 
^ heap of gunpowder. The danger inherent in 
Nueh mixtures was found t;o bo groatly reduced 
by substituting barium chlorato for tho potas¬ 
sium salt; and more recently, since potassium 
; perchlorate has become a common oommeroial 
article, this compound is more usually employed 
in preference to tho chlorates. 

Mixtures of magnesium with certain nitrates 
i of the so-called rare earths have been made the 
subject of patents. One such consists of: 

' Magnesium powder 10 parts 

Thorium nitrate 10 ,, 

and a rather less quick mixture contains : 
Magnesium powder 10 parts 
Zirconium nitrate 6 ,, 

One of the chief drawbacks to magnesium 
flash powders is tho volume of white smoke of 
magnesium oxide which is produced on their 
combustion, and many efforte have been mode 
; to obviate this nuisance. Some of these an 
; purely mochanical cogtrivances for withdrawing 
the smoke, but others are attempts to produce 
; mixtures which shall emit little or no smoke. 

The two following mixtures claim to yidd 
' smokeless magnosium flash powders :— 

(1) Powered magnesium, barium peroxide, 

' and collodion. The chaige of powder is blowi^ 
by means of a pneumatic pump into a small inm 
crucible beateS by a Bunsen burner. 

(2) 1 ptfFof magnesium powder mixsd witii 
I of eithsr siltmc add ('inftNKMrial 
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barium Hulphate, anhydrous calcium Hulphate, 
anhydrous magnosiiim sulphate (‘Idesorite ’), or 
boric arid. 

It is further eJaimod for this mixture that if 
loaded into a cylindricttJ case with a constricted 
opening, a non-instantanoouH or ‘ time ’ flash , 
may bo obtained. 

At the jjroHont time, since the pyr(jbt'!elmic 
IxtssibilitieH o\ finely powihTod aluminium have 
become hnown, in m«»st flash ])owd<irs tlio 
jnag;H5.Miuin is iiHually more or les,s rcplared hy 
aluminium, in soino ejisoH oven wliollv ro- 
plauod ; one such mixture eonsists of: 

Aluminium jiowder 10 jiarl^j 

1‘otaHHiuni jMTcliloratc . (>0 

It is usual, however, fo retain soitk' of the , 
inagncwium in onhu’ to eiuuire the n(H'e.sHarv lugh 
a(;tin»e quality of the light (>mittr<l. Tlius a 
typical ini.xtur(‘ ef)nsist.s of: 

Powdered inagne.sium . 100 ])ai(s 

Powdered aluminium . r>(> 

Perrie oxi<l<- . . HO 

(lopper (wlionate . . :i0 

Magmwium siilphufe (diy) 5 

Till' following mixtiiros claim to ho non¬ 
explosive and almost tunokeless :— 

(1) INiwdered magnesium and aluminium 
(the quantity of aluminium usually varying ; 
from { In J lh(i amount of magnesium), mixed 
witii ]H*roxides of eiilciuni, magnesium, or 
manganese. 

_ (2) Jhiwdered magnesium and niuminium 
mixed with perboric aeul or tungstic ucid or 
their sails. 

(3) Vowflcred magnoaium and aluminium, 
with sulphate of i’(‘nuin or thorium, or an alum. 
For c.viimpU*; 

Powdered magnesium . .8 parts 

Powdered aluminium . . 2 „ 

Finely powdered, dry chroino alum JO ,, 
Many mixtunis eontairiing aluminium os an ; 
ingrodient are n'ndered more rapid in their 
eombu-stion hy the addition of silica, while their 
Tftfo of combustion may bo ndardecl by tho 
introduction of regulated quantities of ear- ; 
honates of alkalis or alkaline earths or oxides of 
the latter. 1’hus tho above mixture may be 
converted into a slow-burning ‘ time ’ mi.xliirc 
by the addition of 2 [larts of an alkaline, eartii 
oxide or carbonate. 

Flash powders are now frequently loaded 
into small oases or eartridgos ; ignition of tho 
mixture lieing oflectod sometimes hy an eli'etric 
arrangement and sometimes by raeaii.s of. an 
inserted .strip of magnesium ribbon. In the 
former ease, tho two olooiric wires are fixed into 
the cartridge, with citlier a short spark-gap or 
joined by a fine incandcseing wire. 

Ono of tho many natented cartridges has a 
cose which is itself inflamraable. Jt eonsists of 
a short celluloid cylindorMoeed at tho bottom 
with a cork sat.umted with collodion, and at the 
top with a disc of cork saturated with an 
emulsion of magnesium. Through this, tliero is ■ 
inserted a short strip of magnosj^im ribbon 
whioh, on ignition, oomiminic&tes its combustion 
to the charge. 

A numuor of ctmtrivanoee have boon devised i 
for producing a n^d suooession flash lights 
for puiposM of omeioatoffraph photography. ; 
These oonsiest CBecaxtialiy at mechanical devices ' 


I for the intermittent feeding of metallic magne* 
! sium against the two meta! terminals of an 
I electric circuit. G. S. N* 

FLAVANILINE v. Qojnolwk. 

FLAVAKTHRENECjjHj^OjNg An anthra- 
cene dyestuff discovered by R. Bohn of the 
Badischo Anilin- und iSodafabrik, by melting 
/9-aminoanthraqiiinone with caustic potash. 
Hail a large application for unraordantod 
vegetable fibres, wliu^h assume a deep-blue colour 
in tlin ix'diiced vat, ehimgiiig after a few minutes’ 
exposure in the air to a ])ornianent yellow. Tho 
eolour is very fast, except wlien subjected to 
powerful rays of Bunliglit, which cause it to 
as,sumo a temjiorary green shade. 

Fre]iarod tccilmicaliy from 2-aminoauthra- 
quinoiie and p()tas.sium hydroxide at 350° (D. R. 
P. 133GH()) ; with aluminium chloride (T>. R. P. 
ISbOlb) ; with antimony pontaehlorido in boiling 
uitrobenzono (J). R. \\ 138110); by oxidising 
with chromic acid or otlier acid oxidising agente 
(I). K. PI*. 139033 and 141355); in the last- 
named ease, it is uccompanicd by indanthrene, 
to which it is clasely related (?’. Indantiirene). 

Flavanthrene is a weak hose, sparingly 
soluble m high-boiling solvents, and very 
stable towards heat; it exists in glistening, 
brown-yellow needles. Jt is applied to the fibre 
after reduction with alkahno hyposulphites, 
forming a doop-blui' vat (1). R. Pl^ 130034, 
13983.5, 140573, 142903). 

The constitution of flavanthn'iio has boon 
(letorminod by R. Scholl and his co-workors 
(Bor. 1907, 40, 1091) in the following manner i— 

I-ainino-2-mcthylanthraquinono mus con¬ 
verted by tlio diazo- reaction *into l-iodo-2- 
rnethylaniliraquinone CijUjOyl, which passes 
by moans of Ullmaim's copper method (Aunalcn, 
1904, 332, 38) at 270“ into 2:2'.dimcthyl. 
I-dianthraquinonyl ([.). This substance has 
also boon prepared from the diazoiiium sulphate 
of the metliylanthraquinono by moans of copper 
powder and acctio anhydride (Knocvenagol, 
Bor. 28, 2048), and, when oxidised with chromic 
acid, yields tho corresponding dicarboxylic acid 
Tbe acid-amide derivative was 
readily obtained from thi.s in tho ordinary way, 
and the application of Hofmann’s reaction with 
bromine and potash converts it into the amino 
(Jl.) and a stage further into flavanthrene (111.). 
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PJavanthiene must therefore have the | 
annexed constitution IIL, and in obtaining it i 
from 2-aminoanthraquinono in the process of i 
manufacture, two molecules must unite with i 
loss of two molecules of water and two atoms of 
hydrogen, according to the scheme : i 


= 21 J 8 () f II 3 

’yiavanthrcnc. 

■ NIJ, 

The immediate precursor of flavantlireiio, 

2 : 2 '-diainino-l : i'-diaiitbra(iuinojiyl may be 
pn^pan'd by boiling 1 -cliloro- 2 -lx-n 7 .vlKlene- 
amiDoanthraejuinone with copper jjowder and 
naphthalene, extracting the 2 - 2 '-diDen 7 ylidenc- 
amino -1 : r dianthraquinonyl so formed witli 
cold alcohol, and leaving the solution for Home 
time, when tlie beiizylideiK* rcsidu(‘s are spon- 
tuncously eliminated and the desired erunjiound 
crystallises. It forniH mieroseopio red ni’edh'S, 
and changes into llavanthreno at 200"^ (Scdioli 
and Dirtchendorfer, Ber. 1018, 51, 452; (Oiom. water at dissolves in alcoliol to a bluish 

Soo. Abstr. 101s, 2()S). red solution with a brilliant scarlet huorceconco. 

As the application of this dycvitiiil to the It forms iliiovoscont solutions in alcoholic alkalis 
fibre <leponda upon its hehavioiif towards to- and i'on('(‘ntr)tt< 5 d aouls, dyoing unmordanted 
ducing agents in tlie vat, just u.s in tl»o analogous wool in the alkaline bath red, which chaimea^ to 
COSO of indigo, careful invcsligations have w^eii greenish blue with acids and violet on w&hing 
carried out by U. Scholl and Ins as.«iBtants (Bor. witli water. Prolonged lieating of the hydrate 
1908, 41, 2304), under u variety of conditions, of (/) with zine-dustm alkaline solution converta 
whicli sliow tliat the reduction products of it into the hydrat<i of (( 7 ), whilst the anhydrous 
flavantlireno consist of some seven dotinito oofnpounditsolf, (/), isfurtherdohydrated at 300® 
eompoimds ; 1 in carbon dioxide, with formation of anhydrous 

(u) DihtjdrojUimnihrmc. hydrnip., obtained flavunthrinol (f/). By moans of a current of air, 
by rodiK'ing flavanthreno with alkaline sodium an alkaline solution of (/) readily poases into 
liyposulphito m an atinosphcro of liydrogeii. ! flavaiithrene. 

Oil cooling, bronze-colourcu neiidles of the di- FJavanthrinol {g) may bo obtained from its 
sodium salt of this hydrate crystallise out, and liydrabo by heating to 100'’, and forms rod Bolu- 
by acidifying with acetic acid, the free dihydro- tioiis with an olivo-groou fluorescence in con- 
flavanthreno hydrate is isolated as hluish-grcon centrated acids, ana dyes unmordanted wool 
coppery crystals, wliich I'cmain stable at the violctH-i-cd, becoming green with acids and blue 
orainary temperature, but readily oxidise to with water. Flavanthrinol requires to bo heated 
flavanthreno at 100'’ or when moist. in air or oxidised with ferricyanido before it will 

(6) DikydroJUimnlhrenf', is obtained from ; y'cld tho original flavanthreno. 
the above by dehydration at 150'’-! 70° in a Another method of obtaining flavanthrene, 
stream of car'l^on dioxide ; it consists of a green though only in Bmall yields, is described below 

f owder which is more stable than the hydrate. ■ {Scholl, Ber. 1910,43, 17Jht). Bianthraquinonyl, 
t may also be prepared by reducing flavan- ; on nitration, forms a mixture of dinitro deriva- 
throno with hydnodic acid and red phosphorus tivos, which by reduction with sodium sulphide 
at 125°. Although flavauthronc itself is only a give flavanthreno. By warming with sodium 
weak base, this dihydro derivative readily hyposulphite, a rod solutionis obtained, colouring 
forms salts with mineral acids; dihydro- unmordantod cotton light-blue in the bath, 
flavanthreno hydrochloride probably contains which changes in the air to flavanthrene yellow, 
the acid united to a N- atom. The o-benzoyl When flavanthreno is digested for 8 hours 
derivative melts at 220°. with a nitrating mixture, a yellow powder 

(c) a-TcirahydroJlavanthrene hydrate is iso- separatee, CagHgOjoNj, which appears to be 
lated in the form of its sodium salt when dinitrodinitrosodihydroxyflavanthren©. ^his 
flavanthreno is reduced with zinc-dust and is reduced by ammonia and ammoniam sulphide 
caustic soda. On acidifying, (a) and (/) arc to tctra-aminodihydroxyflavonthrene, 
formed. on warming with alkaline hyposulphite, yields a 

{d) Flavanthrine hydrate^ prepared by re- dark-blue vat, dyeing cotton a blue-black, which 
during flavanthrene with hydriodic acid and red ; turns green with hydrochloric acid, owing 
phosphorus at 210% is a greenish-brown powder, probably to tho formation of a Iwdroohloride, 
losing water at 240° with formation 01 fiavan- and again assumes a bluo-blaoK colour W 
ikHne, which consists of large brown needles washing with water, owing, no doubt, to dhl- 
with a metallic lustre, m.p. 30°. It is readily soclation (fBer. 1910, 43, 1748). 
oxidised to flavanthrene. FLAVASPIDIC ACID v. Fiux mas. « 

(c) a-hejcahyd/rofiavanihrene^ and (g) Fla- FLAVAURIK. A yollowtah-red powder o«l- 
^nthrxTiolf are both fonned by energetic reduo- slating of either the ammonium or sodium ssH 
tion of flavanthrene with zino-duat and oauatio of dinitropflenolaulphonio aoid, and obtained 
eoda. i by boiling mononitrophenoloitho* or 




{9) 


(/) IS a Htablij bluo-bbvek powder which loses 
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phonic acid with dilute nitric acid {Leipzigor, i which cwstallisea in glistening lei^ete, m.p. 
Anilinfabr. Beyer unci Kegel, iX B. P. 27271, i 183“~184 . These reactions ai^gcst the preamoa 

- -v .-..-V . . r tr.r.r.1 Til- flftvogallol of fill ellagic acid nuoleus, and as 

a result Bleuler and Perkin (Chom. Soc. TranSs 
191(), lOU, 543) have tentatively suggested the 


Judo 8, 1883, expired <)< tobcr, 1886). Flavaurin 
dissolves readily in water, forming a yellow solu¬ 
tion, and was introduced tw a yellow dye. for silk 
and wool. 

FLAVELLAGIC ACID i Ellagic acid. 

FLAVENOL v. Quinoline. 

FLAVEOSINE v. Acuidike dyestuffs. • 

FLAVINE v. QlJKKClTJtON HAHK. 

FLAVOGALLOLa When uallic acid in sul¬ 
phuric acid solution is treatea with aifii'nic acid 
and the mixtuns lieated at 11(J"-120"’ for 0 
houm, a mixture containing flavcdlagic aiul 
coonileocllagic acida ih mainly produced, lliough 
when the oxidation is cam(‘<l oul in Hat jtresence 
of 80 p.c. Rulphnrlc acid fhivogallol i'aiHgOiv is 
obtained. 'I’hiH consinlH of liair-hke yellow 
ncedloH, Hjiaringly soluhlc in Ihc uHual Holvcntn, 
soluble in Hodiuin hydroxide nolution with an 
orange-yellow colour. Willi Hnl]ihuri<- acid il 
yields the (inhyilrvsiiliihulc. (!u,Jl gO,, 
orangc'-yollow {irisms. whereas the Iripohus.siinii 
salt (’jjHjOjjXa, prepared 
potassium acetat^' forniH ai: 


formula- 


liOj 

JU)1 


OH 


0 


OH 


4X)-0- 


,OH 

loH 


- 0—00 ' ■'*^' 0 ' 

for this eolouring matter. Jn ciuse this should 
jirovc correct flavogallonic acid (1), flavogallone 
(2), and tfie dicarlioxyhc acid obtained by 
inethylation, m.p. 206‘-’-20H'' (3), will possoee 
the following constitutions :— 

Oil 

COOH JlO, 


(1) IfO| 

HO^ 


■k 


O- 


crywtallijio jjowder. 

Acrlf/lJlaoogalloJ 
prismatic needh’s, 
278"-8feO'', and tiu^ 
pound 08 ,Hj{), 2 f(' 7 lJr,O)g, 
326°-328'\ With boiling 


with alcoholic 
orango-eoloured 

Oji ii jO,_,((' 2 H 30 )u, Hinall 
ineltH ( 111(1 d('ooni])OKeH at 
eonvHponding hnizofil coin- 
y(’liow jiriKins, at 
aniline liavogallol 
yicldH the aviluic O^,,H,O,i'Nll’0filli, which 
evystalliflw in >(‘lli)w needles, ineiting abeve 
345“. In the paste form liavogallol readily 
dyos mordanted fabrics, and employing woollen 
cl(;th the following shades an* produeotl:— 
Chromium. Cop/xi. Tin. Iron. 

l)ull oliv(‘- Jhil(' Talc orange* Brownish 
yellow. brown. yellow. black. 

Wnieii acetyl liavogallol is hydrolj'sed by 
the acetic other method, WA/yl jiavogaUor^aU' 
(^sH 1 * 0 , 3 , pah' yellow needles, is produced, 
and in a similar inanntT by the omploynicnt of 
methyl alcohol in this jirocesa nicikyl Jhivu- 
yalbnalc is obtained. By gentle 






-- ('(I 

Ull 

"".O 


. 0 


OH 


-CO 


CO 

tHi 

YY" 

\/"i' 


(3) M('0/\!00H MeO 
Mcols^ 


OMo coon 


(X)' 

OAle OMo 

/^OMo MuOl^OMc 

Y/OMe 




CO' 


A. (i. I’. 

FLAVOLINE e. Quinoline. 

FLAVONE, the mother Hubstokee of a large 
and very important group of natural colouring 
mattom, 

O V 


C- 

11 

OH 


■<: 


/ 


■ CO 


( 1 ) 


i'i) 


-0—COCiH, 

-00—CU=CH-C,H, 


0 =; 


0—COCH, 
lO-CHBr- 


-CHBr-C,H6 


has been syiithwiiscd by the following methods ; 

.«-- SI ..i .. u' i'-' •» I (rt)Acetyl-o-hyiJroxybonzylideneacetophenone 

treutmont with strong potassium liydroxiue dibromide (2) (Feuerstein and v. 

solution flavogallol givc.s JUivogaUimtc ac-.d Koatanccki, Ber. 1898, 30, 1707)— 

CjiIIipOij, noodles, which molt above 300 , 
and inis when acotylatcd ia n«;onvcrtod into 
aoetyl flavogallol. 

The more energetic action of potassium 
hydroxide solution givi'S JIavogalloiic C^oH^oOu, 
minute noedlon, and this yields the acetyl 
conipound leaflets, m.p. 257“-259“. 

when Havogallol is methylatoKi with alkali 
and methyl sulphat-e and the product is digested 
with 5 p.o. potaflsium Iiydroxidc, two ajiparently 
iBomerio acids C*,H*d6(OMe),o, (o) colourless 
prisms, m.p. 200''-208" and (o) m.p. 238“-240°, 
are obtained, and those both appear to bo pro¬ 
duced by the addition of three molecules of 
water to flavogallol and a^ubsei^ent methyla- 
tion of ten hydroxyl groups. These are di- 
carboxylic aoi(U, and when eeterified give the 
dimethyl ethers of the formula 

GgBH3jO,,(CO|Mc), • 

(p) BH^g at 128®-130“, and (fc) at 80“-87°. 

The acid, m.p. 206“-208“, when digested 
with alcoholic pod»h at 175^ losee'one methoxy 
group with formation of a new acid 
, . C„H«0„(C0,H). 


and the.latter, on treatment with alcoholic 
potash, IB converted into flavono, according to 
the following scheme :— 

^ 0;HBrYC-H—C*H, 

/^\ . i i ' 


^CO—HCV-Br 


/\x 


V-C.J 


CH 


+2HBI 


ib) Again (v. KesUntoki and Tambov Bml 
1900,33, ^), ethyl-oe^wzybaizoate sod aeeto- 






7LAV0KE. 
give o* 


M 


pbenone, in the praeenoe of sodium, 
ethoxyb^oylaoetophenone— 

^eH.CO-<“> 
l^-_CO—OEt v_/ 

A-O-Et 

(-H,—CO—+ Eton 

This compound, when digcatcd wjth boiling 
hydriodic acid, givot< ilavono- 


aluminium ohloride give the Qorrespfmding 
flavones. Thus jS-phenoxy oinnamio acid in this 
way gives flavone— 

cA II 

\ OH 


C.H. CO.H, 


HOCO—OH 


\ 


CO’ 


/ 




o 


-OH 

-(!()- 


(’()- 

t 

-VM. 


-VO 

O 


Cli 


"O, 

(Ui 


11.0 


M'O 

(c) Oi’thohydiiixyiii'cfoplu'UoiK* (l(“rivutivi'M 
can be condensed willi uroniatK! uidchydos wiUi 
production of liavanoncs (djhydroJiuvoiK'K)— 

/yoH 


roH 


u 

. Os 


and substituLod flavonos can bo readily pro* 
pared by the omploymoiit of ciunamio aoids 
i containing othi'r liydroxyaryl nuclei. Phenyl 
I tinociinianuc ac;id from tbiophonol and phenyl 
' propiolic ueid idhyl cHtor 

OoH,-(:(SCflH,):CH-COOH 

111 thin maanor yields thiojiavone — 

H 

C„H4 (JH 

a comptnmd which crywtalliHCH in yellow nuodlos 
and elowoly rcHcinbloB flavono. 

ill eiiHo tlio ^-liydroxyaryl ciiuiarnic acids are 
here replaced liy the eoiTosponding dcrivativoe 
of fumaric acid, bcnzo- 7 -pyrono {chroin/me), 
earboxylic uddH are jiroduced which readily 
evolve carbonic acid gas with formation of 
cliroinono. 'PiiUH ^-pheuoxy-fumaric acid 
C()()H'(.!{OCl8ll.s):(:H-OOOH 
gives ben7.o-7-pyronc (ehromono) oarboxylio 


CJi- 


-<l: 


cid > 


- O 


00' 


On treatment with bromine bromHavonone in 
produced— 

/ « V 

: >-0 

CHIir 

' 'CO^ 

and this by means of alkalis splits off hydro- 
bromio aeid and is converted into the flavone— 

, O , 


(JO 


(JH 

11 

CJ—OOOH 

/ 


OH 


-o. 


' Though uUroiuouc Itaolf wan tlcst obtained by 
, ICiihemaim and l^taplulcm (toe. ebromone derlva* 
t ivoH had been prepared slightly earlier by v. KostamoU 
i (Her. 1900, 1998), wlio employed (or tbU purpose 
i methods siinUuc to Uioho he had found servlcetible for 
' thehyulheHiaof linvonucumpounds. Thustliedlketone 
< (1), (compare method (e) above) obtained by the later* 
' aclioii of 6-inethuxy*benzoic acid methyl OBter, and 
acetone on treatment with hydriodic acid, gives 
methyl-chromonc ( 2 )— 

^OCir, COCHj 

( 1 ) ^ 6 ^ 4 '. I / ^CH* 

^CO - CH, (2) 


\ OHBr 


KOH 


i'¬ 

ll 

('li 


O 


i KBr+lhO 




(v. Kostaneeki, Levi, and Tambor, Ber. 1899 
32, 326). 

(d) Ruhemann (Ber. 1913, 36, 2188) has 
employed for the Bynthesis of flavono the esters 
of ^-hydroxyaryl cinnamic acids. These may be 
prepared by the interaction of phenyl propiolic 
acid esters with Bodium phenolates— 

CsHj-C: C*COOEt+NaO'C,H, 

= C^,-C{OC,H»): CNa'COOEt 
osten aie readily Imnsfonned into the 
"oe aoids, the chlorides of udiich by means of 


OH 

/ 


CO 

Again, according to v. KobUnocki, Paul, and Tambor, 
the dikotone (1) prepared from resuoetophenoae mono* 
ethyl etlier ana ethyl oxalate, on treatment with aloo* 
hollo hydrochloric acid gives 8 othoxyobromone oar* 
boxyllc acid (2)— 

a, 


]—on co cooEt 

-CO—CHj 


EtO b-OOOH 

.(2) ; II 

1 cu 

■omone (8), sod by 
Into 8 by- 


ThU when melted gives 3 - v ^ . 

means of ^dilodic acid can be converted 
droxychroro^oe (*>— 




(3) 


\ bn 

OHf ''f 

L 

«) 

W OH 

1 1 


1 ; 
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(e) Simonis (Bcr. 47, 222\)), again, has 
described another method for the Hyntheeia of 
flavone. Wliereas Poclimaun and Duisberg 
found that j)hen()ls could he condenHcd by means 
of sulphuric acid with the CHtcra of /8-ketonio : 
acids, to form a-pyrone (coumarin) derivatives, 
according to the following equation which 
illuHtrat(« the preparation of inothyl-coumann 
from phenol ami acetoaf-etK' cthei’. 


uH— 

-]- \t;ji 

j— oil uoco 


CCH 3 

(;n 

I 

CO 


The products of the hydrolysis of natorally 
oocorring flavone colouring matters have in 
the past been mainly instrumental in deter¬ 
mining their constitution. 

All natural hydroxyfiavonos which have at 
present boon carefully examined dye aluminium 
mordanted fabrics a yellow shade, the intensity 
of which is depondent upon the position of 
their hydroxyl groups. 

TiiUB elirysin l : 3-dihydro\yllavone 




r.'/ 


cu 


by emjtloying })hoMplioiUH pcntoxidc os the 
condensing agent tlic icaction takiis unotln'r 
course. 'I’lius jihenoi and motliylacct()-a(;oti(^ 
ether in tliis way gives dirnotnvl-chromonc' 
(Potschek and Simonis, Her. )'.)]:{, 4(>, 2014)— 

^ ^ H OUCO \- 

ccHj i 

-f 


oil 


CO 


\ 


-oil 


ilo-c -(dl, 


C-Cll, 


o^ 




cu 


wlmruiw l)('uz,(iyl-ui'(!ti(! ctlii'r mid pluMiul [ibij. 
11II4, 4(), givii lliivdiu; 

/ H 0Kd!O 

1 CJl 

! II 

-Oil no■-()■(!,II. 

"'O' 

Fur the projianition of cldnroflavones, s'r Uulie* 
maiii^(Her. 1021, 54, 012), and aminuflavoncs, sec 
Bogort and Marcus (J.Aiuer. Chom. tioc. 1910,41, 
83). FidyowecrystalliseH from iigrom in colourless 
needles, m.p. 9*7'', and is r(>adily soluble in the 
usual urganiu solvents. Its solution m sulphuric 
acid is yellow and possesses a weak blue fluor* 
eeennee. 

By tho action of alkalis, llavonc and hydroxy* 
fiavones sutler hydrolysis according to the 
following scheme:— 

Tho first product of tho reaction owing to 
tho disruption of the pyrone ring is the 3- 
dikotoiio (2;— 


and apigeuin-1 ;: 4'-tritiydro.\y flavone possess 
hut fcolilo dyeing jinjjicrty.^ whereas luteolin- 
1:3: 3' : d'-tetrahydroxy flavoiKJ is a strong 
colouring inatttT. Thougii Licberniann and 
V. Kostanecki’s rule is in tins instance but 
jiartially ajipliciiblc, it is evident that the 
dyeing property ui the flavone group is only 
fully developed M'hen at hvust two hydroxyls 
in the ortho- position to one another arc present, 
ThiTo is every reason to untu'ipate also that a 
3 : 4-dihydroxy-flavone would, like luteoun, 
possess well-marked dyeing properties, Of tho 
infliK’uco, however, of such a grouping in tho 
positions 2' ; 3' ; 2 ; 3 and 1 : 2, information is at 
present lacking, us compounds possessing those 
cliaracteristics have as yet to be discovered. 

According to the quiuonoul theory, it has 
been Huggcsti'd that tho flavoao colouring 
matters, at least in tlio form of their lakes, may 
liosHOK-s a paraquinonoid structure, which in the 
case of lutooliri may be represented thus— 


UH 


/\/ 


./■ 


OH 


c^ 

•in' 


3:0 


OH 


0 ) 


-OH HO—C— 


-CO 


CH 


\_ 


-OH CO—C,Hi 

(2): , b 

^ ^!_CO—CH, 

a 

and this change may be regarded as the reverse 
of its synthesis according to method (6). The 
ketone then sufiers further iiydrolysis as shown 
by the dotted linos (a) into acetophenone and 
salicylic acid— 

^OH 

JC,H4< -l-CHa-COC.H. I 

N}00H ^ I 

of (6) o-hydroxy acetophenone and benzoic t 

acid— I 

/OH 


OH 

and such a formula liaa been applied by Perkin 
(Chem. Soc, Trans. 75, 433) to the monoalkali 
and oxonium salts of these compounds. It 
lioa been pointed out by Watson (Chem. Soc. 
Trans. 1914,. 105, 759) that dyes which are 
quinonoid in all possible tautomeric forms exhibit 
a deep colour, tho opposite being generally tho 
case with those whio^ cannot be fbpresented in 
this way. Numerous instances are cited to 
illustrate this point, for which the paper itself 
should bo consulted, but an examination of the 
formula of luteolin and alizarin will render 
sufficiently clear tho theory of this author— 

0 


OH; 


,Ov OH 

i 11 ^ 

! CH 

OH 


V\oA 


OH 


iOH 




{ ' The shades given by these and other feeble colour- 

I Ids matters of a almllar type can be more satlafactcsily 
i observed by employlnK mordanted wool taUMr Umb 
' mordanted calico. 
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Lateolin, the only flavone oolourinff matter 
posBeeaing strong dyeing propertv which has 
Deen oar^TiUy examined, gives shades possessing 
considerable fastness to light, and these are 
much more permanent than those given by the 
present known mon\bcTB of tho flavonol group. 

Natural Flavone. I 

Very interesting is tho occurronco of flavimti 1 
in nature (Miillor, Ohera. Soc. Trans. lUir>, J(>7. ‘ 
872). It is well known that many varieti(w of I 
the primula possess on their flower stalks, i 
leaves, and seed ca|)8ulos a chara(*teristi(; dust • 
t<^^lncd by gardeners ‘ meal ’ or ‘ farina,’ and 
this is moat pronounced on varieties obtained ^ 
from (’hina and Japan. 'J’his powder, examined ' 
by Hugo Muller who obtained it mainly from ; 
the P. pulvvniU’uta and P. japonica, dissolvoH ^ 
readily in benzene and boiling ligroin, and tho 
conoontrated solution on cooling tKieaino semi- i 
solid owing to the separation of rrystalluKi 
tufts. 

It possesfiod the formula melted 

at 09®-^100°, and on boiling with dilute Bodiiini 
hydroxide gave slowly a yellow solution, with 
formation of a small quantity of aootophonune, 
and the latter could bo obtained in greater 
quantity by tht^ action of methyl alcoholic 
sodium hydroxide. Employing metliyl alcoholic 
barium hydroxide, a reagent not jircviously 
suggested for the degradation of flavono com¬ 
pounds, Miillcr obtained a substanco Cni'Hv.jfls' 
This by the action of alkalis was converted into 
salicylic acid and acetophenone and evidently 
consistt'd of hydroxy-bcnzoyl-acctophonono (o- 
hydroxy-dibcnzo^l-metbano)— 

0n-CflJT4*(10-(!H/C0'(l„H6 
The com])Oun(l OigHujOj was thus without 
doubt JldVtmr, 


the acetyl commund of which when brominated 
forms the tetraoromide 

C«Hs(OCOCH,),(COf:HBr-CHBr*CaH*), 

Aleoholie potash converto tho latter com¬ 
pound into difavone — 




00 


o 


and this crystallises in fnint yellow needles, 
m.n. 277' 27H‘’. In its general properties 
diflavfvne ri'NimibleH flavone, and ite faint 
yellow .solution in sulphuric ai'id lias a beautiful 
blue lIuoroHcenco, (‘olouring mattt'ra of this 
group are at present unknown. A. C». P. 
FLAVONOL 


C—' 




(’•OH 


\ /' 




z' \y'' 




CH 


It is usual to subdivide the great family of 
yellow colours derived from flavono into two 
classes, jiavonc and jlavonol, and the latter 
group is distinguished by the fact that tho 
hydrogen in the y-pyrone ring of these com¬ 
pounds is Bubstituteci by hydroxyl, whereas in 
tlio former it is not. 

Flawnol, so dceignat(*cl by y. Kostaneoki, 
was synthesised by v. Kostanecki and SzabrAn- 
ski {Bcr. 1904, 37, 281U) in tho following 
manner:— 

By tho action of amyl nitrite and hydro- 
eliloric acid in alcoholic solution on flavanono, 
»,?onitro8oflavanono (1), m.p. ir>8"-l59‘', is pro¬ 
duced, and this by means of boiling dilute acids 
splits off hydroxylamine and is converted into 
flavonol— 


and it is interesting to note that though hydroxy- 
benzoyl-acotophenono was assumed by Feuer- 
Btein and v. Kostanecki (Ber. 1898, 31, 1758) 
to be the first product of the hydrolysis of this 
substance, its isolation in this manner had not 
previously been ofToctod. 

The function which flavono oxercisea in tho 
economy of tho plant life of tho primula is 
difficult to explain, though it may be of service 
on account of its repellent action towards 
water. 

Diflavone. 

This substance was prepared by Ryan and 
O’Neill (Proceedings Royal Irish Academy, 
xxxii. B, 5, 48), ^o employed as a starting- 
point for their synthesis diocetoreaorcinol— 


(1) c.ft. 

\ 






NOH 


+H,0-> 


oh/Vh 




/--CO—CH, 


This bv interaction with bonzaldehyde yields 
the dichalkone 

0,H,CH=CH-<!O-4^^i-C0—CH-CHC,H, 


CO 

X o . 


/ 

(2) C.H. 
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(1—Oflllr 


(J'OH 


+NH,OH 


\co/ 


Flavonol crystallises from alcohol in veUow 
needles, rn.p. 169’’-170“. When warmed with 
aqueous sodium hydroxide it forma a yellow 
liquid, and on cooling the sodium salt sepantM 
in tho form of yellow necdlea. Ito Boluti(U in 
sulphuric acid exhibits an intense violet fluores¬ 
cence. Acetylflavonol, colourless needles, melts 

at llOMir' 

According to Auw^rs and MuU^ (Ber. 
1908, 41, iSb), bcnzylidcnecoumaranones oan 
be converted into flavonols. Thi» bstuyV 

idene-4-methylcouniaranono dibromide^ wlmn 

treated wit^ potassium hydroxide gives 2- 
mothylflavowl. The reaction may be thus 
exDtessed:— * 




flavonol. 


CH,-C,H, (;HrCHBrC,H, 

'''■«)/ 

^OU Br 

-»CU,0,1I, j 

' (X»—(J=U'CtTIj 

()I1 


That this peculiarity arisea from the presMUje 
of the p 3 frone hydroxyl is evident if the structure 
: of morin is compared with the lotofiavone of 
Dunstan and Henry (Phil. Trans. 1901, 194, 516) 
OH 


OH 


/4\ 


VH 


J'.OH 


\'/ ' 
OH 


00^ 




(V-OJ 

II 

('•OH 


00 

The hydrolyf***^ of Havonol into a liy^lroxy- 
benzoylcarbinoi and ln'ii'/oic a<'id may i”* 
expressed by the f(illowiii;f equations :— 

. OH HO-C-OJlc 

/ ./ |j 

cA II !' 

('■(>11 \ coil 


ilic tinctorial projierti^w of which are exceedingly 
feeble, it fi(5enied p088ibl(' that this dyeir^ 
eff(!ct was to be attriuuted to the fact that this 
compound contains tlio hydroxyl (1) in tho peri- 
position to tho chromophoro and which is present 
in most of the natural dyes of this group. 
Such a suggestion, however, became untenable 
on the synthesis of resoinorin— 

O OH 


OH/ 


\' 


CO 


;r<; 

O-OH 
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,OH 


CO' 


CO 


.OH (U)--(VHr, 

C„H/ 1 

(!(» -CHOH 

OH 

-|.(!„H,('00H 

CO—ClIaOH 

and this reaction, which is typical of tho 
l^haviour in tliese circumstances of the whole 
series of tlieso compounds, has in general been 
employed to ascertain their structure. It is 
b^t effected by digesting the fully methylated 
flavonols with boiling alcoholic potash for some 
hours, for owing to the occurrence of secondary' 
reactions it cannot be satisfactorily carried out 
with the unmethylatcd compounds. 

For the synthesis of numerous flavonols, 
many of whien occur naturally, v. Kostanccki 
and his co-workei’s have employed na a general 
method thst found serviceable for the prcDara- 
tion of flavonol itself. 1’ho flavonols, with the 
exception of inorin, which curiously enough is 
colourleas, art» yellow crystalline bubstancos, 
soluble in alkafino solutions with ii yellow 
colour, and yield with case in the presence of 
acetic acid orange crystalline oxonium salts. 
According to Perkin, whereas as a rule hydroxy- 
flavonee are not oxidised by air in alkaline solu¬ 
tion and can be precipitated therefrom unchanged 
by acids, flavonols, on the other hand, are readily 
decomposed in this maimer with the formatiion 
of water-soluble products. 

Interesting is the fact that though certain 
colouring matters of this group do not possess 
two hy<&oxyl8 in the ortho- position relatively 
to one another, they are nevertheless strong 
dyestuffs, and of these tho tetraliydroxyflavonm 
morin may be taken as an example— 


liy lloiafazi. v. Kostanccki, and Tambor (Ber. 
HK)(), 39, 8fl), which dyes the same shades os 
morin but does not contain tho peri-hydroxyl 
in question. »Kvidently Iheroforo tho tinctorial 
properties of those hydroxy flavonols can only 
be accounted for by their possession of tho 
grouping 

C=0 

^OH 

the effect of which is considerably sti'engthened 
by the presence of hydroxyls in other positions 
in the molecule, and this has received support 
from the observation of v. Kostanooki and 
Szabninski that flavonol itself dyes on aluminium 
mordant a pale yellow shade. Though ortho- 
hydroxyl groups are not essential to the dyeing 
property of hydroxyflavonols, their presence, 
at least in certain posilion.s, has considerable 
iiiflucEcn, not only in deepening the tone, but 
also in reddening the shade. Thus, whereas 
morin dyes bright yellow sliade-s, quercetin (1) 
0^ OH 
OH 

{») 


C-/ )0H 

II 

COH 


( 2 ) 


OH 


OH 


CO" 


OH 


OH 


:- 0 ' 

CH 


,0H 


OH: 


,, ,0. OH J 

n '— 


_/ 


OH 




eVOH 


: gives a brown-orange shade on alaminium 
! mordant, and the effect of the pyrone h^dro:^! 

I is very evident on comparing quercetin with 
I luteolin (2) which gives in the same way^ only 
I a bright yellow colour. A multiplication w 
I hydroxyls does not effect any general altenthm 
j of shade given by these ooinpoundB, as is so 
i well known to take place in tm antlu^quinoM 
i gro^. 

I Ine shades given by the ffavonob tin sol 
BO fast to light as thofts gireo by the flavoM 
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lateen, and this may arise in part owing to the 
greater auso^tibility of their salts (or lakes) to 
oxidation. In this respect they vary again 
themselves, quercetin being a somewhat 
fasttf colour than tisetin, and morin than 
quercetin. 

On the other hand, the character of the 
shade given by the natural dyestuff vari(« in 
tone, as to whether the colouring matter is 

? resent as ^lucoside or in tho free condition. 

'huB in dyeing with quercitron bark, quercitrin 
and not quercetin is tho dyestuff, wnereas in 
old fustic no glucoside is ])re.sent, and the* 
tinctorial effect is duo to morin itself. Tho 
shade again given by a glucoside is naturally 
dependent on the position of the sugar nucloas, 
and thus the quercetin glucoside, qnorcimoritrin 
{see Cotton Flowers) has quite distinct pro¬ 
perties in this resj)ect from quercitrin itself. 
Again, a glucoside may be almost devoid of 
tinctorial property, as in the caae of tho kaemp- 
ferol glucoside robinin and the alizarin glucoside 
ruborythric acid. Tho idea formerly iield that 
glucosides in general wore not true dyestuffs, 
and that during tho dyeing operation by tho 
action of the mordant they were hydi'olysed 
with production of tho colour lake of tho free 
colouring matter, is incorrect. This evidently 
arose from the facd that in ceitam of theso 
dyestuffs, as, for instance, madder and Persian 
berries, the glucoside ih accompanied by its 
specific' enzyme, which in case tho temperature 
of tho dye-bath is graduallv rais('dfrom the cold 
upwards, effects the hydrolysis of tlie glucoside 
before tho dyeing operation has really com¬ 
menced. A. 0. P, 

FLAVOPURPURIN v. Alikarin and allied 

OOIXIUBINQ MATTE1LS. 

FLAX. This term, as apphod to the fibre of 
commerce, designates tlie product of the plant 
Linum lutitah/istmtim (Linn.), belonging to the 
nat. order LuuiceoB, a group consisting of herbs 
and small shrubs indigoDOUB to all temperate 
elimatce. Linum usitatiHsimum ih now ox\\y found 
in its cultivated condition. The plant occurs in 
two main ‘ forms ' : L. usiiaiUaimum f. mUfarc 
or tTidehiBeena, with a taller stem and fruits that 
do not split open spontaneously ; and L. 
Maitatiaaimum f. humilc or crepOana, more richly 
flowered and with fruits that open spoatanoously. 
The former form is cultivated for the production 
of fibre, the latter for the production of seed 
(linseed). Tho herb has a solitary erect stem, 
attaining a height of from 20 to 40 inches. The 
cultivation of flax is of insignificant extent in 
England and Scotland, but is of much greater 
importance in Ireland. It forms also an im- 
TOftont crop in some parts of Belgium, Holland, 
France, and Russia. 

The plant having attained about two-tbirds 
of its full height, is ready for gathering ; as when 
allowed to grow to maturity a coarser and less 
valuable fibre results. The stem oonsists of an 
mtomal woody core, an external cortex, and an 
mtermediato cellular tissue (the bast), from which 
^e flax is prepared. The operations necessary 
in the pr^aration of the fibre for the mirposes 
of the spinner are (1) pulling ; (2) rippling ; (3) 
or watering; (4) grassing; 
(5) breaking ; (6) soutohing; (7) l^kung. Of 
feheSe, * puQ^ * ia a dsstinoti ve m^od of gather¬ 
ing tile flax plant, wMoh is always tom up 


the roots and not out down like other crops. A 
I fine day is selected for this purpoee, and the 
; stems are as far as possible arranged in sizes by 
: the pullciH ; those also being assoited which may 
I have been damaged by wind and rain. ‘ Rippling * 

^ is tho pmcess of removing tho seed balls by 
drawing the heads through a species of comb 
set up usually in tho field wherein the flax is 
being harvoatod. ‘ Rotting ’ consists in immers¬ 
ing the stems in pools or stroams of water in 
such a jiosition that they shall stand almost 
erect, althoiigli weighted down so as to be quite 
submerged. The object of this is to induce for- 
ineritatioii, which diasolves the glutinous matter 
urul di.smtegratos tho libroa. Pure soft water 
and groat judgment in the proper length of time 
to be allowed, which may bo ton days to a fort¬ 
night, arc essentials in this part of the treat¬ 
ment. Rotting is followed by ‘ grassing,’ where¬ 
by the separation of the flax fibre from the 
ligneous portiunsof the stalkis further facilitated. 
It consists ill spreading tho stems on tho grass, 
: for a week or a fortnight, during which time 
they are oocoaionally turned. Tho flax during 
this operation becomes somewhat bloaohed. 

‘ Breaking ’ and ‘ Houtehirig ’ are the means 
employed to strip off tho hard epidermis, and are 
effected either by hand or machinery. ‘ Heck¬ 
ling ’ is a still further combing, which arrengeB 
I the fibres in parallel order, ready for the manu¬ 
facture of yam. 

According to Kolb, rotting sets up a peculiar 
; fermentation, which results in peotose or ite 
: analogous bodies being changed into pectin and 
lootio acid ; of which the former being soluble Is 
eft in the water, whilst tho latter being insoluble 
' remains attached to the fibre until its treatment 
with hot alkaline lyo in bleaching, when it is 
' changed into soluble metapectic acid. 

Under the microscoM, flax fibre has the ap¬ 
pearance of a cylindrical tube, not continuous os 
in the case of cotton, but broken up by septa or 
knots at irregular distances throu^ the I^gth 
of the fibre, varying from four to six times the 
diameter of the tune. This diameter is from 
about ^ inch. The adhesive 

power of the fibres, which gives the strength 
when Spun into yam, a|)peara to depend on the 
twist given by the spindle as wolf os by the 
tenacity of the rough cellular sheath, which re¬ 
mains always more or less inonisted with the 
characteristic resinous deposit. Advantage is 
taken of the presence of this gummy deposit to 
doteot the admixture in fabrics of cotton with 
linen; 08 , although the ultimate basis of both 
is cellulose, cotton exists in a mnoh purer state 
than flax. The difference in the reaction upon 
them by caustic alkalis points out snob admix¬ 
ture. When immersed in a boiling solution of 
caustic potash and water for about a minute, and 
then pressed between folds of filter paper, flax 
exhibus a dark-yelldw colour, whilst cotton, 
when similarly treated, either remains white or 
becomes a very bright yellow. Tho same solu¬ 
tion of potash employ^ cold coloan raw flax 
orange yelhjjK whilst cotton becomes grey, a 
resnlt whio^tublmonn believed to be due to th& 
pectic substances contained in flax. 

FLEMIMGIN p. Waras ; Bbiws. 

FLINT. Silex; Oer. Feuersfem.) A 
native form of silica, being a oompaot nasaive 
variety of the mineral quarts with some ndirflixi 
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hydrated silica (opal). It gradra into ohalco- 
(uny» chert, honistone, or josper, and may be 
banded and marked like agate; no sharp line 
of demarcation can be drawn between these 
several varieties of quartz. The term ‘flint’ ia 
commonly limited to tin' nodular masses found 
in, or derived from, the Ciialk formation. This 
rnaU'rial is of organir origin, being derived from 
the silierous (opaline) renuiitLs of marine 
organisinK (spongoH with siliceous spicules, 
radiolaria, and diatoinaeea*) deposited on the 
Boa-floor together with the calcareous remains 
of otlior organisms which gave rise tf» the chalk 
itself. After dejiosition, this rliB8ominat.ed sili¬ 
ceous mivierml became segregated int o nodules ; 
being no doubt re-deposited in tlie eolloidal 
condition, and Hulise^pienlly dehydrated and 
transfornu'd into tlie erystalline condition. 
The fact that nodules f)f flint an' nsiHilly arranged 
along the beiJdmg planes in the chalk would 
suggest that these layi'm eorresjiond to jicriods 
when silieeiiUH organisms ])re<lominated, tmd 
that the solution and re-deposition of the silica 
took place contomporaiu'ously in tlie soft ooze. 
On the other liana, tfie oeourronce of flint in 
platy forms flliing vertical joints m the chalk, 
8Ugg(«ta that solution and re-dejiosition may 
also have taken place subaeqiicnt to the con,* 
Kolidation of the onalk, 

Flint i« dull in colour and lustre, being 
yellowish, blackish, or more usually of a smoke- 
groy colour, and with a more or less waxy or 
greasy appearaneo. it breaks with a smooth 
conchoidal fracture, and under certain conditions 
with a conical fractnrB. Thin flakes are trans- 
Ineont at the edges. 'I'hm sections in polarized 
light show that a largo part of the maborial is 
minutely crystalline (crypto-crystalline). Sp.gr. 
2'00-2‘G3 (somewhat loss than that of crystal¬ 
lised quartz). The material consists of nearly 
pure silica (about 98 p.c.) with 1-1’4 p.c. of 
water, and traoos of iron, aluminium, calcium, 
and organic matter. It is much more readily 
soluble in a hot solution of caustic alkali than 
is crystallised quartz. The white patina or 
crust often seen on ilints consists in some eases 
of adhering clialk mixed with siiioa (CaCO, 
r>0 p.c.); or more often it consists wholly of 
siiioa, and has been produced by the weathering 
of the material, the opal being dehydrated or 
removed in Bolntion and the crystalline particles 
liberated in a j)owdery condition. 

Flints occur principally in tlic Upper Clialk, 
which is of wide distribution in the Bouth-east 
of England, around the Paris basin, in Denmark, 
the island of Riigen, Co. Antrim, &c. ^Vith the 
denudation of the rock the resistant flints 
accumulate in gravels and other secondary 
deposits. The material is obtained: (1) as 
irregular nodulce coated with ohalk as a by¬ 
product from chalk quarries worked for lime, 
cement, whitning, &o.; (I) iron-stained pebbles 
from gravel pits; (3) boulders and pobblee 
collected on the seashore. 

Flint was perhaps the very first mineral to 
be worked for practical uses, as wiU^s the pTD- 
liiatcuic paleolithic implements ana the highly 
finished flints of the neolithic period. Flints for 
iinder-bozee and gun-flints are still worked by 
the flini-knappem at Brandon, i|i Suffolk (for 
an account of fbu indistry, v. S. B. J. SkericUy, 
Mem. Oeol. Sorvey, 1879). Apart from toe 


local use of flint os a building stone {v. E. T. 
Baggallay, Trans. R. I. Brit, Arch. 1885), and 
for road making and concrete, the principal use 
of the material ia in the ceramic industry. For 
thiH purj)OHC. large quantities arc colleotod along 
tlje Frcncli coast betwi'cn Havre and St. Valery 
at the moutli of the Somme. The material is 
burnt and thrown into cold water, when it can 
readily bo finely ground to a snow-white powder; 
large quantities of Ibnt pebbles are also ground 
between blocka of chert. For the nianuracture 
of porcelain, well aa for glazing and enamel¬ 
ling, powdered fliiit is better than crystallised 
quartz, probably on account of the dilTerence in 
texture of the material. l''ormcrly it was also 
u.scd in th(‘ nianufactuix' of glass (hence the 
term flmt-glosp). Powdered flint bonded with a 
highly plastic clay is u.scd for making refractory 
silica-bricks for steel furnaces. Round nodules 
of flint are used in tube mills for grinding felspar, 
cement-clinkcm, ore. Ac,, the silica worn from 
them being an urunjurious contamination. 
The Danish flints are best suited for this purpose. 
Ah an inert nialenal it is used as a filler in acid 
towers. Fowdered Hint i.s used for making 
sand-pajier. Flints ia also cut and polished for 
use as agate-mortars, polishes, and bumisUers. 
(e. VV. Hill, Flint and Chert, Proc. Cool. Assoc. 
1911, xxii. HU; J. W. Mellor and A. J. Campbell, 
Flint and Quartz, Trans. English C’oramic Soo. 
19111. XV. 7(1). L. J. S. 

FLORENCITE. Basic phosphate cif aluminium 
and cerium (CeA)n> P-i-’-)— 

AlP64-CePO,-Al{()H)e, 

crystallised ,in the rhfiml>ohodral system and 
laomorpliou.s with the strontium salt harnlinite. 
Sp.gr. .3‘r»8(). It is found as small yellowish 
grams and crystals in diamond-bearing sands 
near Dianiantma, Brazil, and in cinnabar- 
hearing sands and in mica-Hcliist with topaz 
near Ouro Preto, Brazil. L. J. S. 

FLORES CINAE v. Santonica. 

FLORIDOSE. An aldohcxoso found in the 
red sea-weed, Floridice, and in Ohondrua Elatva, 
AhnfcUia -pricata, and other sea plants. Cryatal- 
lise-s from water; ia soluble in alcohol; m.p, 
152““153®; faJ^*^+80'75^ Reduces Barreawil’s 
(Foliling’s) solution; ia fermented by yeast; 
forms a hydrazone, m.p. 158'’-1G0®. Soluble 
in methyl and ethyl oleonols and in hot water ; 
a needl6-sh&,ped oeazonc, m.p. 193°. Sodium 
amalgam rodueee it to a liexahydric alcohol, 
fioriditol (Takahashi, J. Tokyo Chom. Soo. 1919, 
40, 167). 

FLOS-FERRI r. Aragonite. 

FLUID GELATIN v. Aluminium okaie, art. 

Alums. 

FLUOCERITE. Fluoride of cerium (40 p.c,), 
lanthanum (30 p.c.), and yttrium (3 p.c.) earths, 
(Co, I^a, Di) I?V crystallised in the hexagonal 
system. It is reddish-yellow with resinous 
lustre, and massive, rarely as crystals. 8p.gr. 
5*70, 5*93. It occurs in p^matite veins with 
gadolinite, orthite, &c., at Osterby, Pinbo, and 
Broddbo in Sweden (P. Geijor, Geol. F6r F6rh. 
Stockholm, 1921, 43, 19). L. J. S. 

FLUORAL V. Synthetic drugs. 

FLUORAM. Trade name for acid ammoDium 
fluoride. , 
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FLUORANTHEirE Jdryl 

C*H*—CH. 

! — >H I 

CgH,—' 

Disoorered indopendcntly by Fittig and (^iobhard 
(B 6 r. 10, 2143; Annaleii, 103, 142) in coal t-ur 
and by Goldsclnnicdt in ‘stunp,’ a inixturo of 
hydrocarbons obtained in distilling nuTcury ores 
at Idria (licr. 10, 2022). Obtained from the 
fraction of coal tar boiling higher than anthra- 
oeno, by rcidistilling it at 250"' under a prt«Kurc 
of 00 mm. A mixture of pyreiio and Hiio- 
rantheno pa-sses over, which may ho Hoparatod 
by repeated erystaUisation.s from alcohol of 
their picric acid <cmij>oiindH; tin* lliioraii- 
thono pierate separates a.s long reddi.sh-ycllow 
needles, nndting at 1S2'-1S3’. Forms sleiidiT 
neodU« or inonoeUnic jilatos, melting at U)!)"'-- 
110 °; boils at 250^^-251’ under a pre^ssun^ of 
00 mm. Sparingly soluble in coI<l, readily 
soluble in boiling alcohol; soluble in ether, 
carbon disulphide, cliloroform, benzene, ami 
glacial acetic acid. Warm eomtontrated sul¬ 
phuric acid dissolves the hydroearbQU, jirodue- 
iug a de«f)-bliio colour. 

Chromic acid oxidises it to a q in none 
(red noedloH melting at 1S7 '-18H’), which, on 
further oxidation, yiehis dt ph/’tii/lrufkdotie- 
earboxfiliv add 

1 /<•<> 

{m.p. H)l°~in 2 °). iieid is converted by 

heating with lime into thplKuylrnchioiU’ (r. 
FLUOKKNiii), and by fusion with caustic potash 

(1, 2) 

into inadiphriixc ar.id | 

FJl 4 'COOII (1, 3). 
Fuming nitric acid forms witli the hydrocarbon 
a triuitro derivative. 

FLUOR-APATITE t’. Apatite. 

FLUORENE o- IHpht'nylcriv vivihane. 

1 >CII, 

'',h/ 

]>iflCovcnHl by Bertliolot in coal tar (Comjit. 
rend. 0.5, 40.5; Ann. Ciiim. Fliys. [4] 12, 222). 
Obtained (1) by jiassing the vapour of diiihcnyl* 
methane through a rc^d-hot tube {Oraho, Arinalon, 
174, 194); (2) by reduction of diphcnylcno 
ketone cither by distillation with zinc-dust 
(Fittig, Her. 0 , 187) or by heating with hy<lriodic 
acid and red phosphorus to 150°-1G0° (Grabc, 
ibid. 7, IG25): the diphonyleno ketone may bo 
s^thesised by splitting off HjO and CO 5 from 
dipbenic acid (Ostermayer and Fittig, ibid. 5, 
935) or by diazotising o-araino-benzophenono 
and eliminating the diazo- group (Grabe and 
Ullmann, ibid. 27, 3485) 

GO CO 


and heating to 290' 
/H 

acidf 


m 

tho O'flttbrone oarbozylio 


idf I formed (Delooro, 

VCeH/ ^COOH/ 


Bull. 


o 


lilH, 





<~yx~> 


(S) by Mndensiag ethyl trichloraoetate with 
b®tt*«ae in the proeenoe of aluminium chloride 
VOL. TIT —T 


Soc. chim. [3j 27, 876). Tho high-boiling 
fractions of tar oil afti'r depositing naphthalene 
ami anthracene are dlsiniod; the fraction 
boiling between 205' and 310° contains the 
greater portion of tho fluortmo, which, on fusion 
with (iaustie pobush at 280is <!onverted into a 
solid p(*tassium compound (Weissgerber, Her. 
34, 1059) : the latter was originally separated 
iiicchani(?ally from tho fused hydrocarbons and 
the tluoi'ene riigeneiated by treatment with 
water {1>. Jt. 1’. 124159). Diphonyleno oxide, 
presont in tliu original mixture, is converted 
into potassium diphonato, ami a small proportion 
of fiuorem* into o-phenyllKmzoic acid; tho 
alkaline moss is then treated with water and tho 
hydrocarhoius olitained pure by fractional dis¬ 
tillation (1). li. 1*. 139079). The sodium com- 
pouml, also used for tho separation, is 
obtained by fusing tho mixture of hydro¬ 
carbons with sotlium or sodamido nt I50'’-200° 
(1). R. P. 203312). In the presence of aniline 
or otlior organic ba.stw, tlio reaction proceeds 
more smootlily, and at a lower temperature 
(l>. K. P. 209432). liocrvstaUisation from 
alcohol and glacial (vcotic acid, and precipitation 
of tho picric acid compound (m.p. 81°), may be 
used in the purincation.—bustrous lamina^ 
melting at 115° (Dclocrc, f.r.). Boils at 294'*- 
295° (corr.). Sparingly soluble in cold, readily 
ill hot alcohol; readily soluble in ether, bonznno, 
and carbon disulphide. Oxidation with load 
oxide yii'lds bisdiphcnylcne ethane and bisdi- 
phenylcne ethylene (red needles melting at 188®) 5 
with ehromic acid dijihenylonokctono (yellow 
prisms molting at 84®, boiling at 337®): with 
fused caustic potash o-phenyfbenzoic acid and 
with potassium permanganate o-phthalic acid. 
With nitric acid (sp.gr. 1'4) in glacial acetic 
! solution at SO”, 2'nitr<)Huorcne is formed (Diola, 

' Bor. 34, 1758); fuming nitric acid produces the 
2 ; 7-paradJnitro derivative, melting at 19H®-201® 
(Fittig and Schmitz, Annalcn, 193, 134), 255°- 
209" (Barth and (Joldschmiedt, Ber. 11, 84tt). 
'I'he corroK|M)ndmg amino eompounda have been 
used in th<« preparation of azo dyefi, but do not 
yet appear to have found practical application. 
By tho action of sulphuric acid and the halogens, 

I substitution coinpounds are formed. The nega- 
; tive character of the methylene hydrogen 
! atoms is shown by tho formation of potaseiuin 
! and sodium compounds {v. eupra)^ and by the 
i formation of condensation producta with 
bcnzaldehyde and oxalic ester (Thiele, Ber. 38, 

: 851 ; Wislicenus, ibid. .33, 771). The con¬ 
version of phenanthrenequinone, by fusion wi^ 
potash, to 9 -oxyfiuorene- 9 -carboxylic acid 
(Schmidt and Bauer, Ber. 38, 3738), and tike 
' formation of phenanflhrene by a pyrogenio re- 
; action from methyl fluorene (Grabo, ^id. 8 T( 

' 4146), furnish instance of the mutual 00 ^ 

' version of 6 and 6 rings. Reduction wHh 
hydriodic #cid yields a decahydrofluoren®, 
(Shmidt, ibid. 40, 4666); fiwtm 
perhydride C,eH„, is described by Spiegid {ibid, 
41, 884; 42, 916). 

Isomeric •dipbenylenemethanet wete da*. 
scribed by Camelley (Chetn. Boo. Tnma. 

708), who obtained them by paflaing tbe mbnd 
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vapours of benzorio and toluono throngh a red- 
hot tube*. 1. S. 

FLUORENE KETONE i\ Kktonbs. 
FLUORESCEIN r TiiiPHBuyi. mbthane 

0()U)UIUNG MArrhiit-s. 

FLUORESCENT BLUE or RESORCIN BLUE 

A colouring matter ol>- 
tainocl in IHHO by W<‘^^elKky and ItencMlikt by 
treating a nobition (*f fliazorcHonilin m polnsKium 
carbonate with immiitK', and jiri-cipit-iiting wiLli 
an Hold. Solulilf in boiling water, giving a 
reddwli-violet Bolwiion witli green jinorcHi-eiu'e. 
On the a<lditi(m of hydroeliloric acid, the aijm'oiiB 
Holutiou givw 11 yellow'iHh-brown precijntute. 
With zinc-iluHt nnd caustic soda aohil ioti ia[)idly 
becomes colourlcHs, liut again becomes blue on 
exposure to air Soluble in eoneentrai.ed Hiil- 
phuric aeifl with blue colour, w'hieb beeomeH 
violet on addition of water, and eventually gives 
a reddish-brown jn-eeinilute Dyes sdk ami 
wool blui' witli lirownish lluoreHcenci' (Ibiinner 
and Kramor, Jlei' 17, JH47, IKIw, lH7r>; Wesol- 
sky and Itonedikf, Alonatrsh. 5, t>t»r); Her. 18, 
lief. 7ti) (n. OXAZINK MAT'I'1':RS). 

FLUORINDINES t . Azinks, 

FLUORINE. Sym. l'\ At, wt. U)*b. Ampere, 
in ISIO, first jioiiited out thi' analogy between 
hydroehlorie neid and the gaa evolved from a 
mixture of flnoi'H])ar and suIphiii'K' aeid ; lie 
asBumed the exiMtcnee of an elenumt similar to 
chlorine, and further that the aeid obtained 
from fluoi’sjmr wuh a liydrogeii comjiound. 
lierzoliuH anti Davy, a few years later, more 
fully OHtabliHlied tin's view. 

The name fluorine was givim to the Hiipjioised 
elomtMil on aeeoiint of its lieuig a constituent of 
fluorspar. Many fruitless attempts Imd lieen 
made to isolate the element, but, owing to its 
great afTinity for oilier elenientw, lumo could be 
regarded an Hucce^ssful until Moissan. in lH8(i, 
announced his rcHulls. 

Occ«mwcr.--Kluoniu‘ oceiu’s in the com¬ 
bined state only, and generally as ffuur-sjiar (’uFg, 
crystallising in cubes and octahedrons; this 
compound is found in abnndanee in Derbyshire, 
whore it is kiifiwn aa l>erbyshire-spar, nnd 
‘ llluo .lohii ’ ; iti is also found in Korthunibcr- 
land, Durlioin, Yorkshire, and ('ornw’all, and 
from it moat of tin* jin'jiarations of fluorine are 
inaiht (o. Fr.Tion-si'AH). Orj/olile, a double 
fluoride of aluininiiim and sodium 3NaF-AlF., 
or AljFj’dNah', found in Greenland, is a mineral 
containing fluorine {e. Cryoi-tte). Fluorine 
is widely but sparingly diffused, occurring in 
flmall amount in conjunction with aluminium 
and silicon in fopfi?; with cerium and yttrium 
in fiuoc.erUe and t/i<rocm<6; it occurs also in 
apntiU, roavcUite, imgarrifc, and other niinerals. 
It is also found in the idoernse of Vesuvius, 
Chriatiansand in Norway, and in the variety 
from tho River Wilui m Siberia (Jannaseh, 
Jahr. Mineral. 1883, 2, 123). Traces of it 
exist in sea-water, and in the water of many 
mineral sprinas and rivers. TrRce*« of fluorine 
have been dm>oted by Wilson in the silicious 
stems (rf grasses and equiBetacei.)us plant>s. 
Bones, both fossil and recent, contain miorine 
(Cambt, Oompt. rend. 1892, 114, 1189-1192), 
and it U found in the enamel of the teeth 
(Oabdsl iSeitaoh. physiol. Chem^ 18, 257-303, 
1894; Wminpelmeyer, Z^tsoh. anal. Chem. 

1804). It ts said to ooour in the 

' "J 


blood, the brain (Horsford, Annalcn, 149, 202), 
and in milk, also in human urine. 

Tammann (Zeitech. physiol. Clhem. 1888, 12, 
322-32()) has shown that fluorine is of great im¬ 
portance in the animal economy, while Saber 
Horstmann (Ann. (liim. Phys. 114, 610) bos 
lU'monstrated that certain plants do not develop 
m its absence. 

l.wUilion of JJnoi in< .■ -})R,\y concluded, from 
liiH cxpcrimcntH on the compounds of fluorine, 
t hat the latter was nn extremely active clement. 
SiiK'c liis linu' many chemistK liavo endeavoured 
to ol>(!iin tluoime in the free state. It has been 
known .*^inee the tiiiic of I'anulay that strong 
liydr'olluonc acid is a \('i v bad conductor of the 
(“leot.rie euri'ent, and Moissan in hiH experiments 
found that the cini'cnf. fumi TiO Rnnsen cells 
WHS not al)Ie lo efleel. a )>a.sHago through the 
aiilivdrons aeid ; by dissolving a little hydro¬ 
gen fioiaHsium lluondi^ JlF'Jxl^'’ in the acid, it 
was at. once rendi-iod a conductor Tiie ajipa- 
rutus employed consisted ot an irido-platinuin 
U-tul)e fl'f) cm. liigb and 15 cm, diarnelor {Fig. 1). 
At fill* Hide and near the to]) of each Hmh was a 
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small exit tube of jilatiniim, r and n; eacli limb 
of th(' U-tul)(i was jirovicled with a hollow 
cylinder screwed into it, and the liollow part of 
caeli cylinder__WHH cloMcd by a stopjier of fluorspar, 
! through the axis of whicli passed tho terminals 
' of indio platinum (Fiu’. 2); tliesc terminals were 
2 mm. square in section and side, 12 mm. long, 
and poHHi'd to within .3 mm. from the bottom of 
' each limb. The wdiolo apparatus was first 
eritirt'ly freed from moisture by drying at 120°, 
tlien about f> grams of tho double fluoride of 
hydrogen and potassium were introduced, the 
stoppeis screwed in aud covered with shellac, 
and then placed in a methyl chloride bath, a 
; constant supply of wliich at —23° was main¬ 
tained in tho oath. The delivery tuliea, hitherto 
ko})t in communication with desiccatois of fused 
potash, ore now connected with the vessel con¬ 
taining anhydrous hydrofluoric acid, and about 
10 grams arc gently aspirated into tho apparatus. 
On now passing a current from 20 Bunsen cells 
through the solution, a continuous evolution of 
gas took place. To demonstrate its effects upon 
oiher bodies, they were placed in small gtasa 
tubes, and brought to the delivery tube at the 
positive side (Fig. 3). 

On taking the apparatus to pieces after each 
ox]>erimenb, the hyarofluorio acid remaining was 
f jund to contain a small quantity of pla&ium 
fluoride in solution, and a black mud consist¬ 
ing of a mixture of iridium and platinum in 
suspension. The ne^tive electrode was not 
attacked, but the platinnm rod forming the 
positive pole was ea^ away to a point, so that 
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one rod only served for two experiments. The 
avorege delivery of gas was about 1 *5 to 2 litres 
per hour. 

It is probable that potassium fluoride is first 
deoomposod, fluorine being evolved at the posi¬ 
tive polo, and potassium, which’(ler<>mpf)Hcs 



hydrofluoric acid, hbcruLing its lapiivalent of 
hydrogen at the negative nolo, re-forming potas¬ 
sium fluoride whicli may no again cloclroly.sed 
Hence a small <iuantity of tlie double fluoride 
can servo for the deoompfwition of a compara- 
tivelv large amount of liydrolluorKi acid, 

I’o prepare the pure anhydrous acid, a 
known volume of commercial acid wtus tn^atod 
with sufficient potassium carbonate to neu¬ 
tralise about a fourth part, and was tlion dis¬ 
tilled in a leaden n'tovt over an oil-bath at 
120°. Potassium fluosilicate, formed from 
the hydrofluosilic acid contained as impurity, 
was not decomposed on distilling, and the dis¬ 
tillate was therefore free from silica. The 


distillate was divided into two p^ts, one o: 
which was neutralised by potassium carbonatt 
and then added to the other half, tints form 
ing tho double fluoride HF'KF. This wa^ 
dried at l(H)°, and kept for several days ir 
vacuum in tho receiver of the air-pump, ovci 
sulphuric acid and sticks of potash. Whei 
ponectly dry, this compound falls to powder 
and is then ready for the preparation of the 
anhydrous acid. The dry fluoride thus obtainec 
was introduced into a platinum retort anc 
gently heated; the first portions of distillate 
are rejected, as they contain traces of water 
A platinum receiver is then adapted and placet 
ua a freezing mixture of ice and salt: on in 
oreosing tho temperature, pure hydrofluoric acic 
®^d is condensed in the receiver at 
a limpid liquid, which boils at 19’4“, is verj 
and fumes in air (Ann. (!him. [6' 

The double fluoride is very soluble in hydro- 
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I fluoric ooid, forming with it a crystallisable 
compound richer in hydrofluoric acid than tho 
double fluoride iteoif, and which gives off no 
acid vapour at tho boiling-point of tho anhydrous 
I acid (19*4'’). 

Moiftsan electrolysed tho double fluoride it¬ 
self, whicli fuses at 14t)’ to a colourless liquid. 
The experiment was dime, os lieforo, in a U-tubo 
of platinum, but tho latter was strongly attacked, 
j Oil dij)j)ing tho platinum terminals of the battery 
! into the fused double fluondo contained in a 
j platinum dish, gas was freely evolved at each 
i [lolo. detonation occurring on bringing the ter¬ 
minals logrthcr, men in live dark. The wire 
, at tlie end where the fluoi'iue was evolved waa 
strongly corroded. 

Ijater Mois-saii found it- possible to use an 
apparatus made of copper. 'I’lie metal becomes 
coated with a (Urn of liuorido (JuF.^, which is 
iiiKolublo and jirote.et^s the cojipor from further 
I corrosion. Tho eli-ctrodes must bo made of 
I plalmum instead of copper, oe the fluoride 
j formed on the latter would diminish the ourrent 
I {(‘ompt. rend. 1H1J9, 128, 1543-1645). 

I For the preparation of anhydrous hydrogen 
, fluoride sodium liydrogon fluoride is preferable 
j to the potassium salt. 

1 Fluorine can be prejiared in quantity by the 
I electrolysis of fused iiotiuisium hydrogen'fluoride. 
A stout cylindricol copjier cell, inches 
diameter by 8 inches deep, heated eleotrioolly 
by a mchromo wimLng, is used. The cell itseH 
acts as a cathode and a graphite rod as anode. 
'I’ho evolution of fluorine oeciirH at 240*-250® 
I with a cuji'ont of 10 ampi^res at 12 volts (Argo, 
i Mathers, Ilumiston and Anderson, Amer. 
Kleotroehem. See. 1919), Fora modifioationof 
this process sp,r Moyer and Nandow, Ber. 1921, 
f)4 [B], 769. 

Propejitps.— Fluorine is a gas of a pene¬ 
trating and disagreeable smoU, similar to 
that of hyiiochlorous acid. A column of the 
gas enclosed in a platinum tube 50 cm. long, 
with colourless fluorspar ends, has a dooided 
grconisii-yellow colour (Moissan, Oompt. rond. 
1890, 109, 937-940), Its dispersion is anoma¬ 
lous, being h*H at tlie blue end of the spectrum 
than it is at the red (.1. H. Gladstone and G. 
Gladstone, Fhil. Mag. 1891, [O'] 31, 1-9). 

Tho atomic rcfrai^tion of fluorine, as deter¬ 
mined from a numlwr of its compounds for the 
lino H of the solar siicctrum, vanes from 0*36 to 
0*63, tho numhoi-H for chlorine, bromine, and 
iodine being 10*0, 15‘2, and 26'2 respectively 
(Gladstone, l.c.). For sodium light, tho valuea 
1*082 in unsaturated and 0*776 in saturated 
compounds (calculated according to the Lorentz 
formula) have been obtained by Swarte (Chem. 
Zentr. 1897, ii. 1042-1043). The atomic re¬ 
fraction of fluorine in unsaturated bodies is thus 
almost equal to that of hydrogen, so that if a 
double link is really present, fluorine has the 
smallest atomic refraction of any known element, 
its magnitude correeponding to its extremely 
low atomic volume, shown by Tranbe to lie 
between 0 a#d 1 (Annalon, 1896, 290, 105). The 
refractive index of the free element is 1*000195 
for sodium light, being thus almost exactly one 
quarter that of chlorine, and bearing tiie same 
relation to iU as do the refractive indicee of 
nitrogen, oxygen, and neon to those of phos¬ 
phorus, sulphur and argon reepectively. This 
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vaiue was obtalnod directly from measuremont 
Lif tbc oleotrolytic gas, duo allowance being made 
for oxygon, ozone, and nitrogen, which arc 
always proHont {('utlibnrlHon and Pridoaiix, 
Phil. Trans. PlOf). 205, A, 31!)-:53J). 

Tiu! d<5nsity ot fluontio was determined afUir 
purification of the gjts liy it tlirougli a 

platinum w»»rm coole*! to --5(P )jy methyl 
chloride, and thi'iicj- through a tulic containing 
anhydrous Hodium lluoridc, M'liuh removes the 
last traccH i>f liydrogcui fluoiide. 'I'lie volume of 
tho gas wiiH di'termined liy analysis aft(‘r inter¬ 
action with water. 'I'he first determination wa-s 
made in })Iatiniim vessels, and gave fho value 
l*2l>5 (air) (Moissan, (’oinpL. rend. IHOO, lo'l, 
H01-S04), Init a later value, I'lllO, obtaiiK'd by 
the Regnault method in a glass vessel (Moissan, 
ibii. 15s, 72S 752), corresponds almost 

exactly t.o tlui value I lilO, ealculated from tlie 
atomic weight’ h' l!M)5 and molecular weiglit 
58'10. The jxiHHilulity of the eNislimei' of any 
inoowurable jirojiortioii of fna* liuoriiK! atoms i.s 
thus cxcluiled. 

Fluorine was liqm'ried by Moissan and 
Dewar in 1807 (Compt. rend. 1897, 121, 1202- 
1205) by Hul>j()eting tfio gas Ui the cooling action 
of liquid oxygen, boiling iimler reduced prcHsurc. 
Jdquid lUionnr is of a yellowisli colour and very 
mobile. When ]>hvc(‘<i in liquid liydrogen, U 
forms a wliite hoIkI, in.)). 225 ’ (Moissan and 

Dowar. (!omj)t. nmd. 19(i5, 150, itl !-lv45). The 
critical Uunperature of lluorino is about 120‘’; 
tlu* critical pn*ssiire, about 40 atmospheres : 
and the boiImg-])o;nt, - 187". The density of 
liquid tliionne is aliout 1'14. Its specific re¬ 
fraction is greater than Unit of liquid air or 
oxygon, it« capillary constant leas tluin that of 
liquid oxygen, it has no magnetic properties, 
and show's no specilie absorption bands (Moissan 
and Dewar, Chom. Soc. Proe, 1897, 175). 

Fluorine gas lias an irritating efteet on the 
oyos and ujion the inueous membrane. It 
diusornpoHes water witii fonnafion of hydro- 
fluorie acid, and the o.vygen which is set free is 
ozonised. It eorrodcs glass, and attacks with 
^’ioleneo all organic eonqiounds, cork being at 
once. oarbonisiMl ami inflamed ; alcohol, I't her, 
lienzone. and turpentine take lire immediately 
in contact with it.. 

Fluorim*, fn'cd from hyilronuoric arid by 
subjwtion to the teiiqicraturc of boiling air and 
ftubfloqucnt passage over dry sodium fluoride 
cooled by a solution of solid carbon dioxide in 
aoetono, <loe.s not attack ghvss even at KXl", pro¬ 
vided that tho surface of the glass is free from 
all tracofl of organic niatt-er. Jt is impossible 
to dry fluorine by mcana of phnsjihnrup pent- 
oxide, as phosphoryl trifluoriuo is immcdiaUdy 
formed (Moissan, (kunpt. rend. 1891), 120, 
70tV-804). 

Fluorine combines with hydrogen, even in 
the dark, tho combinalion is attended with 
detenation, and is effected even at the tempera¬ 
ture of liquid hydrogen (Moissan and Dewar. 
i6*d. 1903, 130, 041-()43). Iodine bums in 
fluorine with a nalo-bbie flame, finning iodine 
pentafluoride (Moinsan, ibiff. 1902, 135, 503), 
ood, in an atmosphere of iodine vapour, fluo¬ 
rine bunw with a similar flame. Vapour of 
bromine Idmits colour in flooring, and tne com¬ 
bination is ibanotimee attended with detonation 
with fornoiation of bromine t-rifluorido (Leboau, 


ibid. 1005, 141, 1015; Prideaux, Chem, 8oo. 
TraiiB. 1900, 310). Fluorine at once releaaofl 
chlorine from cold potassium chloride ; ohlorizie 
is also expelled from its combination with carbon 
in carlion t.etra(;lilondc, but docs not unite with 
fluorine. 

Nlti'og<‘n also hail no action on tho gas, bu( 
excess of tluonno acts ujion nitric oxide at thq 
tompcratiire of liquid oxygen, forming nitroxvl 
lluon<i(“. m.ji. - 159', b.p —03’5", density! 

217 2 51, a colourless gius at the ordinary) 
tompcraturi! (.Moissan and Jjeboaii, (’orapt. rend.i 
Mtori. 149. I(>21 1(129). I 

Sulphur, selenium, and tellurium, on being; 
jilaci'il in fluorine, at once melt and inflame’ 
with incundcsccnce and formation of fiimca • 
and a coating of solid fluoride.s. Iflioaphorufl! 
burns jii it- with formation of flupride and, 
owfiuoi id<': arsenic in powder becomes incan- ; 
dcsccnl., and forms liquid dro])s of the trifluoride ; • 
antimony also b<-comos incandescent. Silicon ; 
in crystalline form, and cold, burns with bril- ' 
liaiKiy, and soinctinuvs with scintillations. Ada- ■ 
mantmo boron also burns in the gas. 

Metals are all attacked, but with varying ’ 
energy, and formation of fiuorid<?s. Sodium and 
[lotaasium in the cold arc r(‘ndercd incandescent. 
Oalciuin, magnesium, and aluminium become in¬ 
candescent wiicn sliglitly warmed. Iron and 
manganese in u state of powder, with slight 
warming, bum witii bright scintillationH. Lead 
is attacked in tho cold, and t in on slightly warm¬ 
ing. Mercury is entirely converted into a yellow 
])rutofluoride. Silver, at a gentle heat, becomes 
coaled with a satin-like deposit of fluoride soluble ' 

111 water. (Jold and platinum, when lieated to 
between 300'’ and 400become converted into 
their rcHpoctivc fluoride.s, winch arc decomposed 
again at a red licat wit-h evolution of free fluorine 
(Ann. t!him. 1887. [9| 12; 472-537: Moiaaan. 
Fluorine et sos composes). Kven at —187®, liquid 
fluorine reacts wit Ii a large number of substances. 
Sulphur, selenium, ai-scnic, phosphorus, potas- 
siimi; calcium oxide, and anthracene all react 
violently with it, while solid fluorine combiAea i* 
with liquid hydrogen at —252‘5®, with violent 
exj))os!on. siiflii'ient. lieat being evolved to 
render the materials incandescent (Moisaan and 
Dewar, I'ompt. rend. 1905. 13fl, C41-C43), If, 
however, sulphur, phosphorus, carbon, silicon, 
boron, and iron bo first cooled in liquid air, 
they do no^ react with fluorine at —185®, neither 
is iodine displaced from iodides at this tempera¬ 
ture, nor gla.s8 corroded (Moissan and Dewar, 
ibid. 1897, 124, 1202-129.'5). If fluorine be 
passed into liquid oxygon, a flocoulcnt precipi¬ 
tate collects, which deflagrates on rise of tem¬ 
perature. It is probably a hydrate of fluorine* 
a.s it is never obtained from perfectly dry* 
oxygon. r 

The majority of the metallic compounds fl 
of fluorine arc ea.sily fusible, and when ignited "L 
in a current of steam many of them are co^- J , 
verted into the corresponding oxides, whilst J i 
hydrofluoric acid is formed. The fluoridee ot J f 
silver and tin arc easily soluble in water, while^ 
those of sodium, potassium, and iron aie only^ 
sparingly soluble. They are all decomposed by 
sulphuric acid when heated, with evolution of 
hydrofluoric acid, but nitric does not so easily 
attack them. Heated in a cuirent of dderine, 
they are all decomposed with formatioa of 




FLUORINE. m 


oorrespondiiig ciiloridoii. Solutions of the eohiblo { 
fluoriaes corrodo glass, and they give no preci¬ 
pitate with silver nitrate, as the fluoride of 
silver is soluble. Load, barium, magnosium, ! 
and calcium salts produce insoluble precipitates. 
The precipitate of calcium fluoride is so trans- ' 
parent as to bo perceived with difliculty, but is 
rendered more opaque by heating. 

Many metallic fluorides combine with hydro¬ 
fluoric acid and form compounds obtainable in 
crystals soluble m water. The double fluor¬ 
ides of the alkali-metals witli the fluorides of 
the elot’tro-ncgative metals which form acids 
with oxygen may be obtained witli facility, and 
are analogous in composition to tlic double 
fluoride of iiydrogen and jiotassium. I’licy arc 
all dwompoHcd by sulphuric arid, yielding 
hydrofluoric acid and a sulphate. A niixturo ol 
hydrofluoric acid and nitnc a<‘id dissolves silica 
which has not boon [inn lously ignited, but ibe 
mixture has no action <)n gold or jilatiiuim. 

Tkt atontic ivciqht of W itli not¬ 

able exceptions, all the ib'tcrnnnations of the 
atomic weight of tluonm* iuvulvi' tho conversion 
of fluorides of various metals into the corro- 
•Hponding Hulphalcs, the tiuondo most commonly 
employed being that of lalcium, which was usc<i 
in some ca.s(‘.s in Ihc' form of a v cry pure fluorsjiar. 

Berzelius (L*oggciulorfl';s Annulcn, 182(i, 
8, 1), Jjouyct (Ann. ('him. lS4!h [111 25, 2flo}, 
])unia8 (Aniialcn, IShU, 28, 115), l)c imea 
(Oompt. rend. IbflO, .51, 2flfl), and Moissan 
{•ibitf 181h>, 111, 570 572) all made ubo of this 
method, tho average wcigiil of c:ulcium sulphate 
obtaiimd from one jiart of fluoride ocing 
]'7444d:0‘000l8 gram, winch gives 18‘91)0 us 
tho atomic weight of fiuoriiu'. 

liouyot, by the couversiou of lead fluoride 
«into lo^ sulphate, obtained tho value 19*01 ; 
Moisaan, working wnii barium fluoride, obtained 
the value 19*02. Journos, Luuyct., and Moissan 
(Oompt. rend. 1890, HI, 570-572) also worked 
with sodium fluoride, thci results by this method 
being uniformly higher, viz. 10*08, lO’Ofl, and 
19*07 respectively. Values were also obtained 
by Dumas and Moissan from the conversion of 
potassium fluoride into putaKsium sulphate. 

An exceptional method was employc‘d by 
Christensen (J. pr. Chem. 1880, [2! 34, 41-40), 
who took advantage of the decomposition of 
ammonium manganifluoride (NH^L^lnFg to 
measure the atoioic weight of flyorine. The 
ma^anifluoridc was treated with potassium 
iodide, one molecule of the former, on acidifica¬ 
tion with hydrochloric acid, liberating a mole¬ 
cule of iodine, which was then titrated with 
standard sodium tliiosulphato solution. In the 
first scries of experiments, he obtained the 
value F=al9‘l)0, and in the second (J. pr. Chem. 
1887, [2] 36, 541-559) F=18*99. 

Moyer (Zoitsch. anorg. Chem. 1903, 30, 313- 
324) compared the results of those previous 
investigations, criticising both the suitaoility of 
tlks methods and tho purity of the materials 
employed. To the latter cause he mainly 
attributed the discrepancies in tho values ob¬ 
tained. fife therefore started with pure am¬ 
monium carbonate and calcium nitrate, con¬ 
verted the oaldum carbonate so obtained into 
oiide, which he ^ked and converted into 
chlmde, and passed finally' to flooride by evapo- 
miMMi of tho ohlorikto specially purified 


faydrofluorio aoid. As the mean of 5 deteimina- 
tions, ho obtained tho value F^ 19*038, error 
±U'(W149. Tho general mean of all tho doter* 
nilnations ogrocs well with tho results of Chris¬ 
tensen and Meyer, if all tho values are re- 
calculated with the most recent atomic weights 
(F. W. Clarke, llecalculation of Atomic Wei^ts, 
1010). The mean value for the atomio weight 
of fluorine la 10*041 ± 0*(K)135 j tho recalculated 
results of Cliristcuscii giv<^ uii average value of 
19*038, and those of Mi'yer 19*035. 

Additional continnation of Christenson's 
value is obtained fioni Ihe fact that tho atomio 
wciglit of nianganesi', Mn —54*933, calculated 
from hw tlata, agrees well with that obtained 
by Baxter and Hiiu's (.1. Amor, (flicin. Soe. 1998, 
28, 1599). 

Smith and van Haagen find V- 19*(K)2, Moles 
and Batiiecns (Journ. ('birn. I’liya. 1919, 17, 
538), by deteiininiiig the vv<‘ight of a normal 
litri' of methyl lluoiide, liiid F- -18*996. 

('omjkiri/iU)i ofJliioriiK with the other halogeng. 
—FUionuo ia by far the most energotio member 
of tlio lialogeii family, and, as is firquently the 
ca.HO wit h t he brut member of a series, it possosseH 
vciy iliHtmetive juojicrlieN. Moissan has pointed 
out (Bull. Woe. eliim. 1892, [31 5, 880-885) that 
ill cerlttin of its relations, it riunotely resoiubles 
oxygen ratlier than elilorine. '.I'bus carbon 
readily takcM lire and burns in it (Moissan, 
Comp't. rend. 1890, lU), 27(1-279). Calcium 
fluoride is very dilTcrent fiom calcium chloride, 
rather roHcmliliiig calcium oxide in solubility. 
Silver lluoride is also anuDialous, being easifjy 
Bolublo in wat(‘r, whiic! aluminium fluoride u 
much Umhs easily bydrolvsed than is the chloride. 

Fluorine eomiiouncls witli the non-metals 
arc uniformly more, volatile than the chlorine 
compoundH, but tho nudallic fluorides usually 
a higher U*mj3craturc for fusion than do 
the other halides. 

The boiling-point of a hydi'ocarbon is in¬ 
creased on tfie average by 5“ by tho substitution 
of lluonne for hydrogen, but it fluorine is intro¬ 
duced into a moleeulo already containing halogen 
atoms, the boiling-point is lowered, the same 
behaviour being observed m tho cose of alde¬ 
hydes. In this respect, fluorine differs greatly 
from chlorine (Henry, Rcc. trav. chim. 1897, 
18, 218-225; Moisaan and ].)ewar, Chem. Soc. 
Proc. 1897, 176). 

Hydrofluoric add or Hydrogen fluoride HF. 

The corrosive action of this compound on glass 
was known to Schwanliardt of Nuremberg os 
early as the year 1070. Sehoelo, in 1771, first 
j recognised that fluorspar is a compound of lime 
' and a peculiar acid, and ho prepared tho latter 
j in both the aqueous and gaseous forms by dtt- 
1 tilling in a tin retort. Priestley was the first to 
i collect the gas over mercury. It was regarded 
j by Gay-Lusaac and Thcnard, in 1808, as on 
j oxygen compound. Ampere, however, in 1810* 

I pointed out its similarity to hydrochlorio acid* 
j a view which was subsequently supported and 
! confirmed by Davy and Berzelius. It was first 
j obtained i% a pure state by Gore in 1868. 

Its volumetric composition can be shown 
either by electrolysing the aoid and odledtiDg 
xQ<^uring the liberated hydrogen end 
oxygen, or allowing a measurM vohune €A 
fluorine to act on water, titrating the aoid 
formed, and measuring the oxygen. In hoth 
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cause, after allowing for the contraction in the 
volume of oxygen, due to formation of ozone, 
the reeulle show that Iiydrogen fluoride is formed 
by the union of equal volumes of hydrogen and 
fluorine (Moitwan, Comjjt. rend. 1900, 130, 544- 
648 ; cf. raol. wt., Gore, below). j 

The anhydrous acid is best prenared from ! 
the double fluoride of potassium ana hydrogen, i 
as previously described. i''r('iiiy obtained the ‘ 
anhydrous acid by <l(!( ()mposing load fluoride i 
with dry Iiydrogen, 

Anhydrous Tiydroliuoric; acid is u eolourhiss, 
tuobilo liquid of density 0'9H79 (Gore). Jt boils 
at 19'4'\ and Holidilies at - to a white; 

erystallim; tran.spuK'nt nuuss, b(;coniing wliite 
and opacpie at a louau' l.cnipeiatnr'(‘, and iiicJts 
at -92’3“ (Olszewski, .Moiiatsh. 188(5, 7, 371- 
374). lUi vapour tension at in b'* is equal l-o a 
presHure of 7'.'>H lbs. pm- square ine!i. The 
anhydrous acid dues nut attack glass even d left 
in eontaet with it for weeks : but if Die least 
trace of nioistun; lie. j)iesent, this action is 
apparent at oiiee. 'I'he ueid lia.s little ail-ion 
on the metalloids and the noble inetrals, and 
below 20'’ the other metals are not attacked, 
basic oxide.s unit.e leiuliiy with it , some of them 
dissolving ; on jicro-vides it haw no eflect. 

I’otivssium, wlien Dimwii into the anhydrous 
acid, docoiuposes it with e.xjilosion*. It com- 
bmos eagerly with phosphoric niid suljihuric 
anhydrides, with evolution of great lieat, in this 
rcHpout rusombhng water, and not its more' nb- 
viouH analogue, hydroehloric acid. Ji also eom- 
bines enorgetleally with the fluorides of potas¬ 
sium and Bodium, just as water combines with 
tlio oxidoB of tlu«o metals. 

The anhydrous neld dcoonifioses earbouutes 
with oiforveseenee and with the formation of 
fluuridoB. Solui organic bodifin immerKod m it 
are for the most part disintegrated. Gutta¬ 
percha, caoutchouc, and nuinerouw gums and 
rosins dissolve to led liquids. Guncotton, bilk, 
paper, cotton wool, calico, &c., are converted 
into glutinous siihstancos, and gonornliy dis¬ 
solve. Wood spirit. alc!oliol, and other, but not 
benzene, mix with it, and oil of turpentine, when 
mixed with it, formw a red liquicf (Gore, Proe. 
Roy. Soo. 17, 25fl). 

Hydrogen fluoride, at a white heat, convoi’ts 
aluminium oxide into the fluoride. Yttrium 
oxide and lanthanum oxide arc converted into 
non-volatile fluorides. Finely divided (quartz is 
completely volatilised without tlie action of heat; 

. with titanium, zirconium, columbium, and tanta¬ 
lum oxides a red heat is necessary (van Haogen 
and Smith, J. Amer. Obem. Soc. 1911,33,1504). 

The molecular weight of hydrogen fluoride 
has been a source of some coutroveniy. Goro 
(Phil. Trans. 1609, 73) showed that the volume 
of hydrogen fluoride goe obtained by the aotion 
of hydrogen on silver fluoride was twice that of 
the hydrogen taken, ihe'^moasurementH being 
mode at ItK)'’, but Mallet, weighing the gas at 
30*6^ in a luge flask ooatod with paraflin. ob¬ 
tained a v^ue for the densit-y corresponding to 
a nkolMloIar weight of 39'32, which iitdicatos the 
formula H^F., (Amer. Ohem. J. 1881, 

laorm and Hambly (Ohom. Soo. Trans. 
181)9,163) fDBnd that the vapour density of hydro¬ 
gen fluoride varies rapidly with the temperature 
andupreesure. The following table gives the 


rtwuitn ui uieir expenuiciiu) u 
varying between 20•4‘' and 88’1" 


Temperature 

Pressure 
inm. j 

V.B. 
air= 1 

1 Mol. weight 

1 

2ti-4 

745 

1-773 

1 51-18 

27-8 

746 

1-712 

49-42 

2t)'2 

750 

1-578 

1 45-54 

320 

743 

1-377 

i 39-74 

33-1 

700 

1-321 

1 38-12 

33-H 

758 ! 

1-270 

1 36-00 

36 3 

739 ! 

1-115 

32-20 

38-7 

751 

1-021 

29-46 

3'.)-2 

743 I 

1 -002 

; 28-94 

■128 

741 1 

0-910 

26-26 

47-3 

74.5 I 

0-823 

23-76 

57-5 

750 

0-737 

21-28 

()!( 4 

74() 

0-726 

2U-9() 

884 

741 

0-713 

20-58 

Tlic.sc nurnberK kIiow 

Dial V 

lie procosH of 


dissnciutmii of the vajiour of hydrogen fluoride 
IK pci'lcctly conlJiiuoiiH, and that tiiei'c is no 
dnoct c\'ui(!ncc of the existence of a molecule 
coiTc.spombng to it ih also found that 

the vapour density is lowered by dimmishing the 
prcHHurc of tlu‘ gas at a conslunt tomperaturo. 
TIk; following tabic sIiowh the vapour (Icnsity of 
Ityilrogtui iliioridc umlor varying prcssurcw at 
the coiistanf. temperature of i'ma 32''’ i— 


Teiniieraturc , 

PrCHMirc ' 
mill j 

V.l). 

Mul, weight 

0 

;t 2 -o 

743 

1 1-377 

39-74 

1)2 2 

686 

J-239 

35-78 

31'8 

1 (555 

1-177 

33-08 

32'0 

' 603 

1 1-068 

i 39-82 

32-5 

r>4r) 

()'963 

27-78 

32-3 

! 498 

()'920 

1 28-54 

3I'() 

i 354 

; 0-797 

I 23-1X1 

323 

! 353 

! 0-789 

22-78 


Similar results wore obtained by mixing the 
hydrogen fluoride with air bo aa to lower the 
partial pressure of tho gas. 

1 The anliydroua acid, on addition of water, is 
changed in sp.gr. from U'OSS to as much as 1’26, 

! further dilution cauBing a regular decrease in 
I sp.gr. (For a table showing the relation between 
the sp.gr. and strength of hydrofluoric acid,' v. 
Wintolor, Zeitsch. angew. Ohem. 1902, 16, 33- 
34; J. Soc. Chem. Ind. 1902, 277.) The acid 
of 8p.gr. 1*15 may bo distilled unchanged; it 
i boils' at 120®, and contains about 36 to 38 p.c. of 
the anhydrous acid, but does not thus form a 
definite hydrate; when allowed to evaporate 
over caustic lime in the air, the aqueous acid 
attains a constant composition containing 32*0 
p.c. of tho anhydrous acid (Roscoe, Ghem. Soc. 
Trans. 1861, 13, 162). 

According to Beussen (Zeitsch. onor^. Chem. 
1906, 49,297-300], a constant boiling mixture of 
boiling-point llT at 760 mm. preasure has a 
sp.gr. of 1*138 at 18® and contains 43*2 p.o. 
hvorofluoric acid by weight. 

Hydrogen fluoride gas is formed from its 
elements with great evolution of heat: 

H gas + P gas=cHF gas +37*6 oaU. 

H gas + P gas^xHP (aaBdved)+49*4 osJs; 
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(Berthclot and Muisaan, Compt. rend. 1889, 109, 
209). (For heat of diseolution, cf. Guntz, Bull. 
Soc. cMm. 1884, 40, 54-67.) Tlio dilution of 
acid containing more than two molecules of 
water does not produce a sensible evolution of 
heat, as does similar dilution of the other 
halogen acids (Guntz, l.c.) 

H^rdrofluoric acid is also uniq^uo in that it 
combines with its own salts with absorption of 
heat Nal'+JIFAq. = -'*228 (TJioinsen). 'Fhe 
freezing-point of water is depressed by hydro¬ 
fluoric acid, and quantitative detennmations 
point to the existonco of inoleeulcis of H 2 F 2 in 
solution (Alx'gg, Fox, and Hct/. Zcitseh. anorg. 
Chem. 190:i, 3.5, 129-147 ; l*al.einb and IVra- 
toner, Ghcni. Zciitr. 1S5U, 301)). 

This view IS Kupp(>rt«“d by the fact tliat the 
heat of dissociation of hydiotluorie acid is 
3560 cals., whicli is tlirce tunes llie conesjionding 
value for hy<lrochlone acid, and is most easily 
explained liy oHsunimg tlic jiiclminiury dis- 
sociatKin H2F2^211K (Abcgg, Her. llKR), 33, 
393 394), and furtbor evidence is obtained from 
the fact that iiy tlie ajipheaticm of Gstwald's 
basicity rule, tlio value for the basicity •—2‘08. 
This ob-scrvatioii is eonlirMieil hy nu-asurements 
of spccilie conductivity aft«*r the addition of 
succeasiv(' quantities of }>otassium, sodium, and 
aramoniuni hydroxides (i’eliiin aiul i’egoraro, 
Zeitsch. Kluktroehem. 1907, 13, 021), Acid, 
containing 55 p.c. iiydrogen fluoride, cooled to 
-45'’, is coiuorlod into .small truncated nnsnis, 
having the composition HFJl^G and niolllng at 
-36’’ (Motzner,(^)mpt. rend. 1894,119,082-084). 
Otiier ovuiciMcu us to tlie existence of hydraU^ 
is derived from the rolation of the spuciiic con¬ 
ductivities of difl'ercnt solutions of iiyilrofluorie 
acid to the corn'spomLiig (^oncimtratiotis. It is 
found that breaks in the curve obtained by 
jilutting tiiesu values occur at concentrations of 
91 p.c., ami between 51 and .55 p.c. corresponding 
to tiic hydrates 9HF, liuO, and HF.HjO (c/. 
Metzner, l.c. ; Hill and Sirkar, I’roc. Itoy. Soc. 
1909, A, 83, 130-14H). 

The temperature cocflicieiit of conductivity 
for solutions containing loss than 7'7 p.c. IIF 
=0*0125 and is constant. Hydrofluoric acid 
can be oieotrolysod with platinum as a positive 
electrode, the products being hydrogen, oxygen, 
and ozone, but with acid of 30 p.c. strength, 
the platinum is attacked. 

The dilute acid dissolves all the metals except 
platinum and some of the metals associated with 
it—gold, silver, lead, and mercury—with evolu¬ 
tion of hydrogen. On this account, it is kept 
in platinum vessels when concentrated, and 
in leaden or guttapercha vessels in the dilute 
form. 

Aqueous liydrofluoric acid may be kept in 
glass bottles coated with a film of guttapercha 
as follows. Guttapercha is dissolved in carbon 
disulphide and the solution put in a bottle, 
every part of the interior of which must be 
brought in contact with the solution ; the excess, 
if any, is then poured out, and the bottle laid 
aside until the solvent has volatilised. L'aout- 
^ouo stoppers are required (Fhem. News, 49, 

On mixing one part of finely powdered and 
pure fluoapar with about twice its weight of 
strong sulphuric acid, no evolution of gas 
tafas place at ordinary temjieraturee, but a 


transparent gelatinous mass is formed, and, on 
gently heating, dense and highly irritating 
fumce arise, somewhat similar to those pro¬ 
duced in the manufacture of hydrochloric acid ; 
CaF. 2 H-S 04 Hj=S 04 Ga-|- 2 HF. For ordinary 

f iurposus, the decomposition is effected in a 
eaden retort, divided into two halves for eon- 
vcnieuco in cleaning, which, when in use, are 
I accurately fitted tegethor by an overlapping 
I gnjovod joint. TIk* receiver may bo a leaden 
i V-tuhe, blind at <>tio end, and fitted by grinding 
‘ at t he ot her to the lu^ck of tlie retort; the 
retort is heated on a sand-bath, ami the acid is 
condensed in the receiver, which is snrroundod 
by a freezing mixture. 

According to UufT and Braun (Bor. 1914, 
47, t)4('.), it IS best to use 90 ]).e. sulphuric acid. 
When 97 10(t j».c. i.s iiseil, a yield of (iO n.o, of 
liydrofluoric acid is obtained ; Lhis acid is of 
! !>5 -fKi p.e. stri'ngth. Whi'U sulpliuric acid 
j eontaimng a bigli ixirceutagc (.5(M)0 p.c.) of 
\ Huljihur trioxule is used, the jiroduet consists of 
flitoio,fiit)ihoiiir ac.iil: 

('al-^ i'lFSOi ' 2SG,j-.Ca8G4+2F'HU,*OH 

first- olitaiiu'd bj> 'I’liorpe and Kirwan by the 
ai’tion of liquid Iiydrogen fluoride on liquid 
sulpliur triuxide ((’hem. Soc. Trans. 1802, ttl, 
921). It is a thill colourh^K liquid fuming in 
the air and boiling iil 192*9'’ (w. Fiji)OROSiii^t*HOKiO 
I acid). 

To prepare the aqueous solution on a large 
scale, a leaden retort, on the upjver part of whioh 
a leaden h('ad (tan bo eomonted, is u'sed; the 
nock of the retort fits into tho side of a leaden 
roccivor or ohambor, m which is nlaond a basin 
of water. 1'ho acid vapours arc absorbed by the 
water, and air. with any excess of acid vapours, 
is conduotod tiirough an escape pipe into the 
atmosphere. 

Tho impure commercial acid may be purified 
by passing an excess of hydrogen sulphide 
through the liquid, neutralising the sulphuric 
and Hilicofluoric acids present with potmisium 
carbonate, then decanting and adding silver car¬ 
bonate to remove excess of Iiydrogen sulphide, 
filtering, distilling tho filtrate from a leaden 
retort with a platinum receiver, and finally recti¬ 
fying. As m the case of fluorine itself, copper 
can readily be employed os the material of the 
containing vessels (Goldschmiedt, Monatoh. 
1907, 28. 297-298). 

Use. of hydrofluoric acid .—Tho chief use of 
this compound is in etching glass. In making 
the graduations on a thermometer the tube is 
first coated with engravers’ etching varnish; the 
divisions are then accurately traced with a fine- 
pointed instrument through the varnish. The 
tube is then plunged for a short time into ft 
long tube containing dilute hydrofluoric aoi^ 
when, after cleaning the thermometer tube, it 
will he found to be jfierraanently engraved. If 
, the engraving is done by the vapour of hydro* 
i fluoric acid, the tracings are white and opaq^, 
i whereas if tho liquid acid be employed, the Inwi . 
are transparent. 

3’here Are three processes in use for ti»e pre¬ 
paration of opaque etchings on glees : viz. 

I the application 01 solutions of acid fluoride of the 
i alkalu; (6) a mixture Of fluorspar with enlnluirio 
1 acid t uid (<^ hydrofludric acid gas. The nret of 
these always contains uncombined bydroftnorie 
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as well B8 an indilfcront salt as sliuwn in the 
following recipes •— 

- j. JI. III. 

,Krins I 

Water . . . lOOO lOOlUOO, 1()00 1000 

Acid noUuiHiuiit I ' i I 
Uuondo . .: 2r»oj —; — i — — 

Sodium fluoride . > — ; — [ 40 2.50 — 


AinniomuiiJ fluoride ■ - !—; —• i -- 1000 

Alkali fluoride S — — 

Jlydrocliloric acid 2.50 — j — 100 -175, - 
Suipliurie arid . - 1' — : — : 2.50 

(Jlacial acctie acid . ^ - i — ' 50 — 

I'otaasmni Huljihato ; 140^— — 2(H) 

Amniouium Hulj>liaU‘i — — ; — — 100 


Tho lii’Kl. of t)u«(; reeijie.H jh leeoiiimeiided 
by 'reHfHi6 du Motiiuy and Miircefial ; flic two 
under lu^adin^^ IJ. by Nie^wurt, and Liiose under 
heading 111. by J. If. Miller. In jiilietiee, liow* 
ever, an acidic NoJution of sodium fluoride w 
inucli u«od, and jh projiared by dwHolving 25 
larbH of Hodium carbonate eryslulh in 5 paits of 
uMiing iiydrolluoru' mdd, and adding to 1 Jdre 
of tins Holution uflcr elarifyjug, 1 litre of glaeiul 
acetic acid. For liglil Hlmikw of eteiiiiig, a Hingle 
application of the acid in suniciont, but for 
(loejxjr HliadeH rejieated ajipliealiouis are neces¬ 
sary, OK Ih tlio east' in eteliing liuulscajjeH, iSie., on 
gloAN. An elelied glasH surface viewed by tliu 
micruNcono has the a])]H'aranco of an aggregation 
of crystals, lie.xagonal in sliapc, and iigreos with 
those of silicori-sodiuni liiionde, and in addition 
there are some longer in shajic, whicli niucli 
r(«cmble tliose of silieon-ealciuiu ^uonde. Small 


not attack the rubber (Sclioufold, J. Soc. Chem. 
Ind. 1901, 830; Brand, ibid. 1904, 265 { Bidtol, 
: ibid. 1904, 620). 

Fluorides have also been used as preeerva> 
j tivea for sweet wines and beer, sodium fluoride 
! having been put on the market for this purpose 
under the name * Rcmarcol.’ 

Tests Jur hydrofluoric acid .—For the detec¬ 
tion of this compound, its corrosive action on 
glass IS utilised. The compound suspected to 
contain a fluoride is reduced to powder and mois¬ 
tened witli strong suljiliunc acid in a platinum or 
leaden cajisulo, A watcii-glass is thinly coated 
witli wax, and, after tracing some design with 
a .sharp-pointi’d instrument, is inverted over the 
capsule. The capsule is then gently warmed 
and tlic watch-glass jilaeed over it, a little water 
brdng put in to picvent the melting of the wax. 
On removing the watch-glass after a few minutea' 
e.xpo.suie, mid cleaning olT the wax with a little 
oil of turpentine, the parts cxjiosed will have 
become etched if fluorine was present in tho 
mixture. When the etching is very faint, a good 
plan iH to breatiie ujiou it, which makes the 
markings more apparent. 

In file alwenee of boron, this t<‘st can bo 
made mori! (lobcaLo by placing the suspected 
sub.stanee, mixed with (piurtz powder and a little 
niugtieHite, in a test-tube fitted witli a cork, 
carrying a gla.ss rod having a knob at tho lower 
(‘jid. Tliis knob is jiainted black and a drop of 
water is placed on it. On adding cone, sulphuric 
acid to the mixture in the tulie and warming 
cautiously, a white Him will be soon if us little as 
O'l mgm of lluorine is juvsont (Daniel, Zoitech. 
anorg' ('hem. 1904, 38, 257). 

For the dcteiition of fluorine in buf Icr, tho 


crystals an' formed from eoiiccntruleil solutions, 
and the smalier the crystals the mure (hdu'ate 
Is the eti'hing. Tho strength of tin etching 
Bolutiun must lie viirii'd aiu'ordiiig to Die com¬ 
pound used, and regard must also be paid to the 
kind of glass to 1 mi operated upon. The ajipli- 
cation of gaseous hydroliuorie acid does not pro¬ 
duce a uniform opacity, and is, therefore, not 
suitable for the jirodui^tion of opaque jilates 
(J. Soe. ('hem. Ind. 5, 669). 

It hiw bo<‘n suggested that hydrofluoric acid 
should bo oinpioyod in tho punlieation of boot 
sugar, the alkalis iiresent in Die juice being 
ofTectually romoved by the ai'id, whilst the 
organic matter remaina unaffected (c/. Verbiose, 
J. Boo. Chem. Ind. liHX), 160). 

Antiscjilic propci’fu's of jiuortne coinyoundfi .— 
W. Thompson found that the roinpounds of 
fluorine, such n« hydrofluoric acid, tho acid and 
neutral fluorides of sodium, potassium, ami 
ammonium (os welt as tho fluosilicatee of those 
bases), are effectual os antiseptics. Free 
hydrofluoric acid retards tho activity of yeast, 
5“5 mgm. jier 1(X) e.c. of saccharine HoIution 
arresting fermentation. Votassium fluoride, up 
to the same strength, hbwever, augments it 
(Eflfront, Bull. Sw. eJiim. 1891, [3] 5, 476^80). 
The free aoid promotes the activity of rliaHtase 
by retarding lacDo and butyric fermentations 
(Effront, i6ki. 1891, 4, 337-339;® 627-632; 
, t8^,,6» 780-793), and its application in breweries 
Jup euggoeted (Just, J. Soc. Cbem. Ind. 

131). Acid ammonium fluoride is oepeci- 
ally used for diau^ecting rubber hoao-pi^ in 
breweries, as it k a powenul antiMptic and does 


aqueous jiortiun from 50 grams of melted butter 
is treated with oaleiiim chloride solution and a 
small excess of auihum carbonate. Tho re¬ 
sulting prcci[)itate, consisting probably of borate, 
carbonate, phosphate, Huiphato, and fluoride, is 
! extracted with acetic acid, ignited and heated on 
a sand-bath with sulphuric anjd, under a waxed 
, watch-glass eoolcd by water on its upper 
surface for 2 hours. 1 mgm. of calcium 
fluoride will, under these circumstances, give 
n distinct etching on glass (Hclmor, Analyst, 
1902, 27, 173-179). 

i For methods of estimating fluorine v. 

I Analysis. 

A gravimetric and volumetric estimation of 
fluorine, dcjwnding upon Pisani’s method of 
precipitation as thorium fluoride, has been 
devised by Goocii and Xobayashi (Analyst, 
1918, 360). 

Biiicon fluoride may be estimated by 
measurement, in a dry gas burette, of the 
volume of gaseous silicon fluoride produced by 
the interaction of quartz, fluoride, and sulphurio 
: acid (Oeltcl, Zcitsch. anoJ. Chem. 1886, 25, 606 ; 
Hempel and Bchofiler, Zoitsch. anorg. Giem. 
1899, 20, 1-11). 

Hydrofluoric acid may be estimated by tho 
amount of etcliing produced (Ust, Ber. 1893, 
20, 151; Wislicenus. Zeiteeh. angew. OhOB. 
1901, 706 ; Leinigcr, Oliem. Zeit 1902, 26, 967; 

I Woodman and Talbot, J. Amer.- Gfaem, Soo. 

I 1900, 28, 1437-1443). 

I fluorine in soluble fluorides oaa be eeti- 
I mated volumotrically tokins advMitsgeotf tin 
i fact that ferric fluoridi^ uaUke fendo ddoddo». 
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does not liberate iodine from iodidee. The 
liquid is acidified with hydroohloric aoid» mixed 
with a known excess of ferric chloride solution, 
then with excess of zinc iodide, allowed to 
remain in a closed vessel at 35'’-40'’ for half an 
houTf and the liberated iodine titrated with 
sodium thiosulphate solution (Knobloch, Chem. 
Zentr. 1894, ii. 533-534). 

For the estimation of fluorine in wine, a 
standard method has been worked out, as 
fluorine preservatives arc so frequently used. 
100 c.c. of wine are made feebly alkaline with 
sodium hydroxide, silver nitrate i.s added, so 
long as it produces a precipitate, and tlie solu¬ 
tion made up to 250 c.c. and filtered. 200 c.c. 
of the filtrate ar<> treated with excess of sodium 
cidoridc, made uji to 250 c.c. and loft for 24 houi’s. 
175 c.c. of clear liquid are treated with 3-4 c.c. 
2N-8odium carbonate solution and j)rf‘cj|)itated 
with a large excess of calcium clilonile solution ' 
and boiled for 5 minutes. 'J’Jie precipitate is ■ 
collected and ignited and (ligi'stcd witli 24 c.c. I 
of 3/2N-acettc acid until its w’cight is constant j 
within 5 milllgnuii.s, For eacli 100 c.c. of : 
washings, O’OOlO gram is added to corn-ct for i 
bolubibty (F. F. Treadwell and KoJi, Zoitsch, ( 
anal. Chem. 11>04. 43, 4()0-50(i). For beer. ' 
a slight modification of Fctilield's nu'thod i 
(Chom. News, 1807,30, 70-lHO) has born recoin- I 
mended. I 

SlHcofluorlc acid or Hydrofluosilic acid 
HakSiKe# This compound w jiropared by heat¬ 
ing a mixture of sulphuric acid and fluorspar, ■. 
sand, or powdered glass in a flask and jiass- ' 
ing the evolved sdicon tluonde into water 
3 SiF44-2Ha(). Si()34-2(lf,FF‘'^iF4). The tube 
from whicli the fluoride escapes must dip into 
mcreu!^ at the bottom of tlie vessel of water, 
othoiwiBO it would soon he stojipod up by the 
deposition of silica. 'Pho bubbles of gas as they 
rise through the water are decomposed, atid a i 
gelatinous moss accumulates. Tlie solution I 
of acid is strained through hnen to sejiarate | 
the silica, and is tlum filteri'd and concent rated 
at a low temperature. The acid is obtained more 
easily when required in quantity by dissolving 
silica ill dilute hydrofluoric acid. The satu¬ 
rated solution furnos strongly, and has a voiy 
sour taste. It doe.s not attack glass, but if 
allowed to evaporate on it the glass is attacked, 
especially on heating ; silicon fluoride is volati¬ 
lised, and the free hydrofluoric acid attacks the 
silica of the glass. The salts arc tailed silico- 
fluoridea or fluoailicatee, are generally soluble 
ill water, and may be obtained well crystallisodL 
The potassium salt is one of the least aolublc 
aalts of potassium, and the cojijicr salt one of 
the most soluble of copjicr salts. Silicofluoric 
acid is sometimoe employed as a test for 
potassium. 

Hydrofluosibcic acid reacts with potassium 
ferrocyonide, especially in Ixiiling solution, 
forming a greenish liquid, which, on contact 
with air, deposits a precipitate of Prussiau blue. 
The same reaction takes place with the ferri- 
cyanide, but in the absence of air (Matorschok, 
Chom, Zeit 1001, 26, 168 ; 327). Calcareous 
stone surfaces can be hardened by mcuis of a 
fiuosilioate of some metal which forms an in- 
aoluhfe oxide, such as magnesium, aluminium, 
M lead. (Wbon dioxide is given off, and calcium 
ftBoride, silica, and alumina, or the carbonate of 


lead or magnesium fluoride, ore formed, and ths 
surface rendered hard and insoluble (Kesder, 
Compt. rend. 1883, 96, 1317-1319). 

For modes of estimating hydru-fluoeib'Gio 
acid V. Anai^ysis. 

Antiseptic properties .—The fluosilicates nos 
SOBS more powerful antiseptic properties tlian 
the fluoridt*. They are not poisonous, possess 
no smell, and are sparingly soluble in water. 
A« tliry li avo only a very slight alkaline taste, 
i they nitiy be omjiloycd for pr(^serving food 
I without communicating any taste to it. 

Tlu'v have been usctl in surgical operations. 

; A solution containing Oiil j).c. of ammonium 
' fluowilii’aic i« not irritating to wounds, whilst it 
j po,HaoH8CM greater antiseptic power for animal 
I tissues tluiu I jiart oi mercuric chloride in 
of water, whi<‘h lutti'r is a stronger solu¬ 
tion than that which <‘an be generally em- 
pl(> 3 -ed for siirgii-al ]iuri)oses without producing 
poisonou.s cfTccts ((’hem. Iv’cw.h, 56, 132) {i\ Pifi- 
INFICOTANTS). 

A solution of free h^'dronuosilicic acid 
eontainijig 2tj p.e. of the acid, has been placed on 
the market under the name Keramvl’ (Prior, 
.). Soe. (lliem. Iiul. ItHMI. U04). 

FLUOROCYCLENS A hydrocarbon 

obtained by hi'atirig amiajihUiuno with load 
oxide lit 330''-340'’. (Vy.stulbses in small 
orangi'-yellow triclinie rhoinboluMlru, m.p. 390“- 
397'’ (Jlzicwonski and Kaknarowski, Bcr. 1918, 
51,457). 

FLUOROFORM. A gan at ordinary tern- 
p(>raiur(«, said to Ic olitainod by heating a 
mixture of iodoform and silver iluorido (Valon* 
Imcr and Sciiwarz). 

FLUOROSULPHONIC ACID F«SO,-OH. 
P'irst prejiared by 'J'horpe and Kirman ((Jhem. 
Soe. Trans. 1892, 61, 921) by the aotion of 
hydrogen (luoridc on sulphur trioxidc. Is a 
colourless mobile liquid which fumes in the air 
and boils with slight decomposition at 162‘6“. Has 
a faint pungent smell, and has but little action 
on the skin and feels greasy to the touch. It 
slowly attacks gla-^s, more rapidly in presence 
! of moist air. Is decomposed with almost ex¬ 
plosive violence by water, but the decomposition, 
as shown by ’lYaubc, is not complete, as equili- 
: brium exists between sulphuric and hydro- 
j fluoric acids on the one hand and fluoro- 
; sulphoii'c acid and water on the other in not 
j too dilute aqueous solution (Traube and Foubke, 
I Bor. 1921, 54 fB], 1618). For salts of fluoro- 
I sulphonic acid, see Tiaulx), Her. 1913, 46, 2625; 
' Traube, Hoerenz, and Wunderlich, Bcr. 1919, 
! 52 IB], 1272. All the fluoiosulphonatee are 
I freely soluble in water with the exception of the 
I nitron salt, which forms pule green noodles, m.p. 
225®. In presence of mmoral acids they aro 
readily hyilrolysed, but are more stable in 
alkaline solution. With aqueous ammonia they 
yield aminosulpbate^ 

! FLUOR-SPAR, Fluor, or Fluorite, (Got. 
Flussspat; Ft. Fluorine.) A common mineral 
composed of calcium fluoride {(JaF,), crystallising 
in the cubic system. It is froouently found M 
well-develclied crystals, usually cubes, bnt 
occasionally as octahedra ; interpenetrating 
twinned cubes aro common. An impcvrtwat 
character is the possession of perfect 
parallel to the faces of the oct^edron. 6p>gr. 
3*18 ; hardness 4 (the mineral can be acrat^M 
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with a knife). Tiio crytitaUi have a bright 
vitreouH luutrc, and are frequently transparent; 
they may be eolnurh’HH or varioua Hhades of 
purjdo, green, yellow, pink, Ae., the rainoral 
displaying a very extensive range of colour. 
Dull cleavage niasues and massive material, 
sometimes {juito eonipact or earthy, are of 
abundant oeeuiTenoi!. 

The cause of tlu? (colour (d lluor-spar has long 
been a snbjeci of discujssion, and aU)u>ugli not 
yet (h^linitely dcdtuiiiined, it may, in Horne cases 
at least, Is- ascribed to the presence of traces 
of organic matter. Hoiik! i-rystaiw undergo a 
cliange in colour when c.xpoHCMj to sunlight; for 
example, c<*rtain greens are ( banged to purjiic. 
ChoiigOH 111 colour are. also clleeLod wiu'n the 
erystals arc (ixposed {.o ilu> catlunlo rays, or to 
the rays emitt.ed by radium Halts. Jtlany 
crystals are (Iccolonsi'd wlien healed to a 
tiemp«'ratQre ranging troiu 2-0' to llOU'Die 
luniting of the tmiicial is usuuliy aecumpamed 
by a lirigbt. pliosplioicsi-ciiei’ ((iKU'ino-lurninoK- 
eeiiue), violimt, deciepilatioii, and the hls'ratioii 
of water and gases (eariion dioMde, carbon 
monoxide, hydrogen, nitrogen, argon, and 
oxygen). 'J'he water winch distils oil is somc' 
tirnoH brown, and has a strong ‘ em|iyreunuitie ’ 
odour; and it is on tins account, together with 
the fact that tho inuieral is decolorised nt a 
low tinnpei'atui'o, tlmt tJio cohnir has bi'on 
ascribed to organic matter. It must, however, 
be ruinarkc^d lliat tlio water and gases, and 
poHuibly also any organic- matter javsent, are 
uonlaiuod in the Itiiov-spar in va.st numbm's of 
cavities, usually of luieroscopic (limeusions, but 
HOmciiinoH large enough to show a moving 
bubblo when a crystal is turned about in the 
hand. A remarkahlo plumomenon, somotimos 
asHouiatod with the. colour of Huor-spar, is that 
of fluomuconce; this ih best displayed by 
certain pui*ple or green crystals from Weardale, 
do. Durliarn. A crystal, whieli by transmitted 
light is pinkisli orgreenisli, cxliibits wlum viewed 
in reflected liglit a rnfli plum-blue colour with a 
velvety 8oftn(«s wliiiOi has the apjiearanct^ of 
being diffuaed immodiati'ly beneath tlio surface 
of the (Tystal 'Dus elleet is destroyed when 
the crystals arc heated to 220" or 300 


The name fluor, from the Latin fiuo, to flow, 

I was used in tho form Jiuorai lapideA by G. 

I Agricola in 1620, and has reference to the use of 
this mineral os a flux in metallurgical operations. 
Within recent yehre, its application in this 
direction has been very considerably extended, 
and now large amounts arc used in tho manu¬ 
facture of iron and steel, chiefly in the basic 
ojion-lieaith proeoss, and of feirosilicon and 
foiTomanganoH(\ If not contaminated with too 
much Hilica (not over 3 or 4 p.c.), it acts better 
than limestoiK* for iluxiiig ; but li corrodes the 
fiirnaec-liniiigs, and the resulling slag contains 
loss Holublo ])liosphateH aiaiiahle for fertilisers. 
'I’o Home 1‘xtont, lluor-.spar is also used in iron 
and briisH foundry-work, a.s it jiroduei^s a greater 
fluidit y in tin; imflal ; in tho Kinelting of load-, 
j copper-, Silver-, and gold-ores ; in the electrolytic 
rctiuing of antimony and lead : and in extracting 
alummmin from bauxite. Othc'r applications 
are in the glass and eiinmelliiig induHtrios, and 
I in the niaiiiifactiin' of o|»aliiie glass. In the 
j form of sand, the mineral is used as a liinding 
' inatei'ial in c-mery wheels and oarbon-olectrodes, 
and f(»r mixing witli mortar and ceinont. 

Owing to its low refraetivo index 
{g„— 1 ‘433^5) and weak dispc-rsion, clear and 
j eolourlt'sH fluor-spar is used with gla.ss for the 
I coiistr\i(!ti()ii of the. aiiochfoinatic lenses of 
mieroscoju’ ohjcotivoH, but material which is 
[ perfectly iwotropie and suflicumtly transparent 
I and free from eoloiir is diilicult to obtain. 

; (lernuin linns aro said to have seemred a supply 
frxmi an unknown locality in yw'itzorland; and 
then' IS a line specimen of clear colourless fluor- 
s[)ar from Drienz, Switzerland, in tho mineral 
collection of tho Di'iIihIi Museum. A limited 
amount of suitable material can be obtained by 
decolorising by heat tlic clear jiurple fluorescent 
cubes from Weardalo, C'o. Durham j and small 
eolourlfiHK cubes are abundant in the neighbour¬ 
hood of Matlock, Derbyshire. Suitable material 
in Hiiflioient quantity is said to be found in 
Illinois : and a very promising dopewit has been 
prospected in the fl'ransvaal, between Zeerust 
and "Mafeking. Afaterial suitable for optical 
use has also boon obtained at Madoo in 
Ontario. 


Fluor-8]>av ocem-s under a varhfly of con¬ 
ditions : in cavities m granit-e rocks, in veins of ' 
tin-ore, occasionally as a cementing material in 
sandstone, and most abundantly as an associate 
of lead-ore in veins traversing limestone. Some 
of the veins in bmo.sione, consisting almost en¬ 
tirely of pure miUHsive fluor-spar, liavo a thick- 
news of 20 feet. The whole of the production 
in England, amounting at the prciscnt time to 
about 40,000 tons jier annum, is from north 
Derbyshire, luid Weardale in Oo. Durham, where 
it IS obtained chiefly as a by-product m lead- 
mining. Formerly, when there was little or no 
demand for fluor-spar, thk' mineral was thrown 
out on the waste lioajw : and now that th(^ 
material is of value (10«. to 2(K«. pt'r ton), these 
extensive waste heajw an' being worked over. , 
A considerable amount, somo tons per 

annum, is minod in tlu' United States, prinei- 
pnUy in fioathem Illinois and western Kcn- 
tno^. Curiously, however, a large portion of 
the floor-spar is exported to America. 

SmaiUer qoaotl^es are obtained in Bavaria, 
Saxony, and Spain. 


A spi'cial vancty of fluor-spar, known as 
‘ blue-john,’ for which the Tray Cliff oaveru 
near Oa-stleton in Derbyshire has long been 
famous, has ls‘en much used for fashioning 
vases and other small ornamental objects. 
Although occasionally used as a gem-stone on 
account of the delicate colouring, the mineral 
I is much too soft for this purpose. Beads of 
fluor-spar have been found amongst prehistoric 
remains in North and South America. 

Being the only common mineral containing 
fluorine in large amount (K 48i) p.c.), fluor-spar 
is used for the preparation of hydrofluoric acid 
and other fluorine compounds. It is slightly 
soluble in hydrochloric acid and in solutions of 
alkali carbonates, and is readily decomposed by 
Hulphuric acid even in the cold (on this dopezMU 
its list* for etcliing glass, a process in use loiq^ 
before llu' discovery of the element fluorine). 
Being almost the only substance not attack^ 
by free fluorine, it was used by H. Moisaon m the 
construction of his apparatus for the isolati^ of 
this element. 

.Se/ereftces.—special Bepoits <hi the tfioocal 
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Aesouroee of Great Britain, Mem. GeoL Survey, 
1910, vol. iv. il’luor-spar, Imp. Min. Kee. Bm. 
I.<ondon, 1921. On the fluor-spar deposits of 
Derbyshire, see C. B. Wedd and G. C. Drabble, 
Trans. Inst. Mining Eng. 1908, vol. 35, 501 ; 
on those of VVeardalo, see W. M. Egglestono, 
tom. cit. 230. On American deposits, see H. F. 
Bain, Bull. U.S. Gcol. Survey, 1905, No. 256 ; 
E. O. Ulrich and W. S. T. Smith, I’rof. Taper, 
U.S. Geol, Survey, J905. No. 30; H. RicH, 
Economic Gool()gy, Ntiw York, 1910. On the 
flaorosceiico, thcrmo-hnnincscciice, and lu^uid 
and gaseous enclosures, srr 11. W. Monnc. I’roc. 
Aiuer. Acad. Sci. and Arts, 190(), vol. 41, p. 585 ; 


sufficient to combine with all the basic oxides 
exo^t that which it ia desired to reduce. 

Fluxes are of throe classes: 

(1) Aoidlo. S'tlica, as quartz, sand, &o. 
Aalural eilicaies. Silicioua slags, 

(2) Basic. Lime or limeatane is the most 
important, being used in enormous quantities 
in iron winelting. 

DolwMte. or vhagncsia is useful also, but is 
mort) experiHive. 

Ola}jy daij-slaie, &c., are largely used when 
the introduction of alumina is desirable. 

(3) Neutral. Fluorspar. This should be 
free from copper pyrites, blend, and galena, and, 


Blount and Seipnnra, Ubein .Soc. Trans. 15119, i if pos.sible, from quart?.. Dcrbynhire spar is the 
115,705. E- b- I i)e«t. It Huxes sulphates of calcium, lead, 

FLUX. A term appli(!<l in mctalhirgy to the i iiarium, calcium phosphate, silica, HilioaUw, &o., 
material which is mlded to a charge* of ore for ; witii formation of a very fusible slag. 


the purjioses of combining witli earthy 
metallic impuritioji ami removing tlu'm as .slag, 
or to any Hubslance w'hii'ii is tluui at a high 
tempcratiiro and jirot.cct.s tlie regulu.s from 
oxidation. 

All ores oontain gaiigiie, (‘ither of an aci<lir 
(silicious) or of a l>asic clniracter, wiiieh, if the 
ore were subjected to the action of a reducing 
agent alone, would retain a large projuirtion of 
the reduced metal and also foul the furnace. In 
order to remove thff gangue and the accuiiiulaled 
inipuntms from the reduced miftal, it is necesHary 


HoUtIs Auateii (Mc'tallurgy, 294) gives the 
following rulcj* hu* tlici st^lection of nuxes to 
form a fusible silicati* slag :— 

If the gangue is silicious. two bases must be 
adde<I, e.g. clay slate or argillaceous limost-one. 

If the ganguii is argillaceous, the a<Iilition 
of one base, c.f/. linuwlone, will sunUse. 

\N9ien the gaugin' is basic, and contains two 
metallic oxides, tlm addition of quartz only is 
necessary, but when it contains only one base, 
clay, silioiouH slug, A’c., must be added. 
'FORCITE V Explosives. 

FORDIT, An explosive consisting of nitro- 


to Wd matenaU winch will combine with tlicm | 
to form a fusible slag. I glycerin (24'0), collodion cotton (1*9), Jiitro- 

A distinction may hi* made* l»elw<ien the j toiuono (34*0), flour (2'0), dextrin (2'0), glyoorol 
fluxes which an* usoil for assaying and those ! amineuium nitrate (32*0), and potassium 


which are used for smelting on a large scale, 
thougli even among the latter tliero are manv 
special fluvcH, r.i/. atitinmny glass [v. A.stimon v), 
for details eonceraing whieh tlu* articles on the 
extraction of the several metals should bo 
euQBulted. 

The more impurtant fluxes ustsd in assaying 
are : 

Sodium carbonate (or potassium carbonate, 
or a mixture of the two), wliicli gives very fluid 
slags with acidic ores, and acts also as desul¬ 
phurising agent. 

Borax fluxes with basic materials, forming 
readily fusible borates of tlio metals. Borax has 
a marked influence in incrc'osing the fluidity of 
most slags. 

Fluorspar, used esiiecially with plnxsphates, 
is a ‘ neutral ’ flux. , 

Litharge and Red lead arc useful fluxes for 
oxides of iron or copper, &c. 

Potassium cyanide, which acts ehiefly as u 
reducing agent, being converted into cyanate. 
(For further details, see art. Ass.wino.) 

The fluxes tiacd on the largo scale are few in 
number, as it is essential to the economic 
success of a process that the cast of slag-pro¬ 
ducing materials should be as low as possible. 
An economy is frequently effected by mixing 
together in proper proportions an ore in which 
the gaopae is silicious m character with another 


clilorido (30*0 parts). 

FORGENIK. Trade name for ietramethyl 
ammonium formate. 

FORMAL V. Synth KTio uRUfis. 

FORMALDEHYDE (f>/r7nic aldehyde^ fonnol, 
meJhanal) CHaO. Discovered in 1807 by 
A. W. Hofmann as a product of the fiameless 
cornhuHtimi of methyl alcohol. A rod-hot coil 
of platinum wirci Husjjended over methyl alcohol 
container! in a IxMiker, is kept red-hot so long as 
it is in contact with the mixture of air and 
methyl alcohol vapour, acting as a oatalyst 
for the formation or tho formaldehyde 
CHjOH+O^^CHsO + HjO 
Hofmann succeeded in isolating a small quantity 
of formaldehyde by passing the mixture 
methyl alcohol vapour and air through a plati¬ 
num tube heated to dull redness. Annmd 
(iautior passed the inothyl alcohol vapours 
through anorizontol tube heated ina sulphurhath. 

Methods for preparing formaldehyde in 
larger quantities wore devised hy ToUens, Ix>ew, 
and Kablukow. Air was bubbled through 
methyl alcohol at 40* to 60*, and the mixture ot 
air and alcohol vapours passed over a y>ool of 
copper wire gauze 5 cm. long and modierately 
heated. Tho product was oollected as aaa 
aqueous solution in #fiaak on a water-bath, and 
the gases and uncondensed vai>ours passed on 
to a receiver cooh)d by ice or water. Touuts 


oontaining basie impuriticH. In general, the ; found that tho yield depended largely ^ ^ 
character of the fluxoi to be used must be temperatute of tho method alcohol, and themw 
decided hy the nature of the. ore, the object, j on the degree of saturation of the air with 
usually being so to arrange matters that the I alcohol: 
furnace charige shall oontain basic and silicious | Temp^ of bath 

coTstituents m the proportions required to form j 
a fusible double siUcate containing two bases, i 38®-44® 

Ths proportion of silioa present should be 46*-^* 


Yield o(0H|0 
17-96 
28-90 
3M5 
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Trillftt propueed tho first method for the j firebrick, and the like. The method of workuig 
production of mrmaldchydo on a manufacturing ! is as follows :— 

scale (IV, Fat. 1991)111, 1869). His apparatus | The tube is heated at e to a dull or bright 
is shown in Fii;. I. Crude or rectified methyl | red heat, according to tlm nature of the con» 
alcohol is heiiU'd in tiic copper vessel a of I tact substance; the receiver, communicating 
about 100 litrcH capacity by passing steam j with a vacuum pump, is then connected to y. 
through the bottom compartment a. The ! The methyl alcohol is in the moan time brought 

to boiling-point; and the vapours produce, 

! forniinK a spray, arc mixed with air drawn in 
at X. The mixture reacts on meeting the con¬ 
tact substance, wlioreby the alcohol is oxidised 
to formaldehyde. Tlio vapours contain water, 
undocomposod methyl alcohol, and traces of 
formic and acetic acids. The products are 
condensed or dissolved in water, and the solu¬ 
tion IS redistilled to drive off tlio impurities. 
Trillat gave no statement of yields, but those 
cannot have been \ ory gocKl, and his apparatus 
is therefore to-day only of historic interest. 
It formed, liowever, tlic basis for the prtwent 
aleolioi vapours an; earriial away by the copper procesHcs, lusUaui of boiling the alcohol and 
pip(s B fitUal wiLli a comcnl p<‘rfc)rat(‘d mouth- subsequontly mixing lU vapours with air, later 
piece and issue from the perforations in form proeesses <lnve or draw air through the methyl 
of a fine spray. 'Tlu' mouthtiK’ee penetrato^t a aloohol, kepfi at a temperature suitable for 
short distance into tube n of JO cm. diameler , saturation, and piiss tJic mi.xture over the contact 
ami 1 m. lengtli. Air can Ixi aHjiiratial througli x substanef-s. 

at the conii a! end of n as indicuk'd by the arrows. M. Islur and (1. .Schulze proposed tlieintroduc- 
IMatinised asbasios is ])laee<l in the widened jiart lion of thi' scnibkxu' prim’iplo for this operation 
at E and heate<l by (lii'eet Jin*. Otliur contact ((ier. J\it. 10t)4!)r>). 'I'hey Consider the largo 
substances winch were suggested hy Trillat arc exeivis of ahuihol ov(‘i’ air obtained by tlio older 
copper o.xide, retort carbon, jiorcelain,' coke, iiietiiod to be disadvantageous, and otherwiso 
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undeeirable. At the same time, thcro is too extent. In order furtiicr to moderate the 
little control over the ratio of the mixture, oxidation, the air is diluted with a CMtain 
They therefore employ a scrubber, made of proportion of nitrogen obtained from the procos 
motu or stoneware, into which they pass a itself, with the result that a smaUer degree 
fine spray of wood spirit through a rose. Air, saturation of the air is required. They chum 
which has previously been heated Ifigh enough advantages both in regard to the safety and 
to obtain a mixture temperature of 45‘^-r)0°, the yield of their procees. This process relates 
is blown in at the bottom of tho scrubber which only to the preparation of the reacting mixture, 
may also be provided with a steam-jacket. By but has no reference to the contact p iooeas 
adjwting tiis flow of aloohol and '^air,. the ratio pro^. 

of the mUtttn can bo varied to any desired i^. 2 shows the formaldehyde plant d A 
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Froiob factory (C6te d'Or), ob described by 
A. Morel (J. Pharm. (^him. im, 21, 177). The 
principal unit is the oxidisor, a metal cylinder c, 
fitted with copjjer tulx« u in which the reaction 
takes place. Wood spirit is suppliod (rom Uu* 
tank R to the mixer M, constructed on the car¬ 
burettor principle, and is here vapourised by, 
and in suitable pro})orlions mixed with, air 
Tosaed in from reservoir A. The mixture reaels 
uring ita jiossage ov<t eopper liontaets jilaced in 
the oxidisctr tiibe-s n kept at an elevated tmnpora- 
ture. Sight holes j)erniit of the observation of 
colour and lumirKxsity, and conseipiently tin' 
temperature of the <-(uitact zone. Tlie products 
are carried off through a single jnjie, and arc 
cond^•ns(^d in cod n surrounded by a eurrent of 
water. Tlu^ eonden.sate. being I'rnde forinaldi!- 
hydo solution, juiis into a rec(ii\('r. 1’hc un- 
conden.sed vaprmr is extracted from the giiseii in 
three wivsluu's, i.. 'rin* crude produ<-t is frf*ed 
from methyl alcohol in a rectifying still. 


The modon planta for the manuftoturo of 
formaldehyde are built on the same lines, 
although greatly improved in some of the details, 
with the result of a greatly increased yield. In 
Fig. 3 a modern plant is shown. Compressor 1 
aspirates air from the atmosphere and presses it 
into the air vessel 2, in which a constant pressure 
: is kept. Methyl alcohol runs from tana 3 into 
the carlmration vessel 4. A heating arrange* 
mont IS placed in this a]>paratus which raises 
the temperatun* of the incoming air. This 
current of air nuxds a thin stream of methyl 
aU:ohol, wliicli als<» taken up heat, anti a mixture 
of constant cimijajsition is thereby formed, 
'riiis entem tlu^ oxidiser charged with tho 
contact. suUstance, which usually consists of 
copper gauze, hut in some caaes silver or silvcr- 
ooated copper gauze is used in preforenee. The 
products of reaction issuing from tho oxidisor, 
which consist of vapours of formaldehyde, 
water, and the excess of methyl alcohol, as well 
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as nitrogen and hydrogen, pass into a separator. 
G, in which, by a washing process, commercial 
formahlohydc (40 p.c. solution)—fio-calh*d 
‘ formalin ’—is obtained, which is drawn ofT into 
tho receiver 8, whilst methyl alcohol vapours 
are almost completely condensed in 7, whence 
they run into reservoir 12, and arc sent by 
pump 13 back into the feeding tank 3. The 
gases still contain some methyl aleohol, and arc 
made to pass tho washer 9 which extracts tho 
lost traces. This dilute alcohol is ^‘oncentrated 
in the continuously working rectifying still 10. 
The concentrated alcohol vapours arc again 
condensed in 11, and pumped back to 3. 

J. E. Orloff has designed an apparatus which 
in many of its details is not uidiko the above 
described. In Fig. 4 the ‘ carburettor,’ A, 
consists of a vessel of 750 mm. diameter and 800 
mm. height charged with methyl alcohol, to 
about one-half its capacity, from an overhead 
tank, B, and fitted with copper steam coils, a. 
Air is aspirated through tho methyl alcohol by 
means of a perforated pipe. The air-alcohol 
mixture then passes a ‘ dephlegmator,’ <% 
fitted with a st^m coil, r, any excess alcohol 
being allowed to drmn back into the carburettor. 
Tho mixture thus heated to tho desired tempera¬ 
ture enters tho oxidner. This consists of a 
tubulw vessel sot at an angle of about 10® and 
containing 180 copper tubes of 19 mm. internal 
uiameter, 2 mm. uuckness, and 800 mm. length. 


arranged in sevon concentric circles between two 
plates of 820 mm. diameter, wiiich are separated 
from tho two (iover plates by bronze rings of 
720 mm. int. diam. A steam coll is plocra in 
tho ring on the inlet side to heat the mixture, 
which enters through a pipe 50 min. wide, A 
number of sight holes are provided in tho front 
plate, and a conical exit pipe is connected with 
tho back ring. Glass tubes, 10 mm. wide, 
I'25 mm. thicK, and 300 mm. long, are placed 
in the cupper tubes containing spools 120 mm. 
long, made of copjicr gauze. ^ Tno gases after 
leaving tho oxidiser are passed through a scrub¬ 
bing column, B, 2000 mm. high from which the 
formaldehyde sdlution is run off through a 
water-cooled pipe, v. The gasca ore then led 
through a cooling coil, o, and a small scrubber, 
B. for tho removal of methyl alcohol vapour. 
Tho condensate from the coil and the alcohol 
solution from the scrubber are collected in 
sump K, and pumped bock into the feed tank. 
The gases leave the plant through a gas meter, 
M, and the exhauster. Tho air may be aspirated 
into the carburettor direct from the surrounding 
atmoephert or through tho oxidiser drum, 
whereby it is proheated, and the catalyst 
incidentally cooled. In order to start the work 
of tl^ oxidiser without the application of 
external heat, Orloff employs ' ignition piUa,’ 
made of platinised asbestos or pumice, oloae 
to the catalyst. These initiate the aotiem at 
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ordinary temperature when the alcohol vapours j 
poNS over them. When disneneing with external | 
heating he found that alcoliol vapour of IK) p.o. ; 
strength givfw KatiHfactory reeulte; this makoe 
it poHNihle to (liNtil the alcohol (“oniplotely 
without a rectifying column, whilflt when working 
with a vajionr of ItH) ]).c. Htrength the alcohm 


baa to be rectified after a quarter has been 
distilled oiT. The dephlogmator is kept at 
whilst 42°-i3® is sufficient when 
100 p.c. alcohol vapour is used. The methyl 
alcohol should n(jt contain more than 1 p.c. 
acetone. The ratio of the volume of exit gases 
to the volume of air admitted should be 1*15 ; 1* 



PiQ. 4. 


on an average. An a])]iaratuH of the size given of a rotary fan, a, of the annular blade typo, 
u.xidises 175 kgs. methyl alcohol in 10 hours, encased in a steam-jacket. The ra(3thyl alconol 
and the yield slioiild l)o,ir>0~ir>r) p.o. by wcigl)t, is run on the rotor through a sight food. Air. 
of the alcohol cmj)loyed, tlie[_^ forrnaldohj^de , which may bo preheated by a steam coil, is 
having a strength of 3S 39 p.e. talom in at a, and intimately mixed with 

In (.». r. (!alvorl’s plant (Eng. Pul. 814, alcohol in the fan. The mixture passes through 
1915), shown in T^g. 5. t he earburettor consists ivn e.vtemally liealcd oxidiscr, B, which is pierced 



Fig. 5. 


with vertical flattened cooling tubes, through 
which watier or steam may be circulated in 
order to keep down the tomneraturo. The 
reaction gasce then pass througn a, horizontal 
cooling chamber, c, iittod witli a nest of cooling 
tubes, through which a current of air passes. 
The saturator, d, follows as an extension of the 
cooling chamber, and ooosists of*a horizontal 
tube of the same diameter fitted with a shaft 
carrying vanes revolving at a high speed. 


Formaldehyde solution is fed into the saturator 
from feed-tank k, and dischaigee into the tank 
F, from whicli it is circulated by pump o, and 
periodically drawn off when it has reached the 
desired strength. Tim waste gasee leave the 
apparatus at Z. 

The bulk of the world’s production of for¬ 
maldehyde is made from methyl alcohol. 
There have, however, been various proposals 
for the employment ot oUter raw prodopte. 
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(or instance, methane or ethylene. The con- i 
version of formats into formaltfehyde by thermal 
decomposition has also been suggoetea, but no 
great success has been obtained with the' 
industrial ajjplication of any of tht^so methods 
(see Hofmann and Scliibstcd, Her. l!UH, 51. 
1308). 

W. A. Bono liHK sliown (Imt fornuddohyde 
is fommd as an iutennodmk' product in the 
combustion of liy<iJocarl»onti, which ho rcgiirds 
as a process of hydroxylation and scission of 
water tnoloind&s. The industrial ajijilu jition of 
partial (combustion 1«i tin* stage of formald(‘- 
hyde formation oilers, tlucndore, a juomising 
problem. Glock (tier. I'at. K)0(M4) suggesis 
the oxidation of methane, or mixtures (con 
taining methane, by oxygen m tlie j>irscnc(c of 
copper, pumice or asbestos os a catalyst. 
Motnano is mixed with an equal volume of air 
and passed throiigli a tube Idled wit h giumdatial 
copper hoatod to (UK) . The jjroducls are C'(»oied. 
washed with wat(T. nuxod with an cijuul vfdiimo 
of air, and again jiussed tiirougli a second tube 
with contact sulistance, and this jiroccss is 
ropeaf-ed until all melliane is oxidised. The 
first tube is kejit hot by tlio rt'action, the othors 
require external heating. J. GruszkicwicK j>ro- 
poHos, in Austr. Bat. 4()(iiKh to burn methane, or 
natural gas rich in mutliane, witli air iiLsulhoent 
for comploto combustion, and to utilise tlio 
catalytic property of the soot, thercliy pro¬ 
duced, for olTeeting the oxidation to formalde¬ 
hyde. The gases producinl by tlio elu'ckcd 
comlmstion arc passed rupi(ily through u 
chamber fitted with baffle plates, for Uir removal 
of the boot, and arc linally scnilibed with 
water, for the extraeti(»n of th(r formaldehyde 
produced. According to the inventor’n claim, 
the carbon produced forms a vahialilc by¬ 
product. (*. Fernckes, in U.S. Pats. 1038546 
and 1038547, also [iropostw the production of 
forrnaId(‘hy(lc from natural gaa by partial com¬ 
bustion with air in baffled flaimw and cooling 
products. 

The Verein f. chem. Ind. (Gor. I’at. 28C731) 
employs a gas mixture consisting of about 
3 parts methane and 100 parts moist air, and 
conducts this mixture in a closcid system over 
a contact sulibtancc such as copper or silver, or 
both, at a tomporaturc of 150'-200®, when a 
portion of th(! methane is converted into 
formaldehyde. 

Since aeotaldidiyde is produced from acety 
lene with mercury as catalyst, it is po.ssible that 
wet methods carried out on similar lines may 
ivo bettor results in the formation of formalde- 
yde than direct atmospheric combustion. 
Hydrogen peroxide, or, according to Lange and 
Elworthy’e Fr. Pat. 362687, eJeiilroIytically 
produced peraulphuric acid, have been suggested 
as oxidising agents in the production of formalde¬ 
hyde from aleohol. 

Theory of the eatalytlo process. After the 
early work of Hofmann, Tollens, Loew, Kablu- 
kow, the subject was closely investigated by 
Tnllat, who published these researches in his 
book ‘ Oxydation des Aleools par Taction de 
contact.’ 

He studied the influence of Tarying terapera- 
towB, proportion of air and of water, and of 
<Meront contact substances, on the oxidation 
proeees. His conclusions were partly incorrect, 


part>iouIarly with regard to the proportion of 
wat<w vapour to methyl alcohol, wmoh he, in 
contradistinction to other investigators, did not 
consider injurious. 

J, K. Orluff, in a Hories of pajiors in the 
Journal of the Riinsian Ghemioal Society 
(sec also his ‘ Formaldehyd,’ l^ipeio, 1909), 
assumed the main reaction to lie : 

2(JlaOH ! 0 ,- 2 GH, 04 - 2 Hj 0 

with a s('(;ou(iarv ovidaJion to formic acid and 
carbon dioxide*, and carbon monoxide and water. 
No iract^s of {ormic ai'id could, liowcvor, be 
found, Imt always hydrogen, and he therefore 
suggast(*(l a partial dci tunjioHition : 

011,0-GO ^ H, 

00 hO • (^O,. 

14 i ()- - II,() 

The mam roactum is not. m aeuoixlanoe with 
th<* facts estabjiKiu'd hy IjialicfT and by Sabatier 
and ScndcrcuiK, who had proved the catalytic 
dei'ompoHition of alcohols int(»alde-hydo« and 
iiydrygen generally, with copper as catalyst. 
M. Le Jhanc and K. TlascJikc (Zcitsch. Kluktro- 
chem. IDll. 17, 45) luau CHtabliHhod that the 
formation of fonmihh'hyde is due not to oxida¬ 
tion, but to catalytic dehydrogenation of methyl 
alcohol. The acdivily nf freslily reduced copper 
or silver decreases rapidly imlosH air is intro¬ 
duced with consequent tomjiurary oxidation of 
th(‘ iruital. 'This is again reduced nt the expense 
of alcohol and possibly aldeliyde. An undesirable 
secondary reaction is the decomposition of 
formaldehyde into hydrogen and carbon mon¬ 
oxide. Th(^ yield is dependent upon the tempera¬ 
ture of the contact body, the ratio of alcohol to 
air or oxyg(‘n, and tlu* surface of the contact 
body. The highest yield wu.f 58 p.o., and the 
lowest loss of destroyfid alcohol X2 ji.c. 

M. D. Thomas (.1. Am, Chom. Soo. 1920, 42, 
807) confirms Tm Blanc and Tlaschkc’s work, 
but obtained rather higher yields. The absolute 
yi(4ds with silver, oopiicr. and gold were 95*0 p.o., 
iw fj p.c., and 88'r) respoctivoly, corrofipondinfl 
to process yields of 65'6 p.c., 60*5 p.c., ana 
4() p.o. A reaction mixture containing 0*4 to 
()‘5 gram of oxygen per gram of alcohol gave 
the best results with silver, whilst copper 
required 0'55 to 0*05 gram of oxygen. 

CaUilytit>).~~ln tin* (mrly attempts to produce 
formaldehyde, platinum wire, platinum sponge, 
or platinised asbestos were mostly employed M 
catalytic bodies, and these are still us^ in the 
famihar type of formaldehyde lamp for diain- 
focting rooms {c.g. Schlichtor, Eng. Pat. 401, 
1887). 

In most of the industrial plants copper, in 
the form of fine wire gauze, has been employed 
: until recently. A number of other catalysts, 

' such as copper filings, copper-coated asbeetoe, 

’ fire-brick, coke or iarcoal, vanadium oxide, 

! silver, and metals of the platinum group have 
been projxxed from time to time. 8- Fokin 
I (J. Kuss. Phys. Chem. 80 c. 1913, 4d, 2B6) 
studied \j\v> effect of different catalyrte on 
mixtures of methyl alcohol vapour and air, and 
' found their activity to bo in the following order i 
\ Co 2 - 8 , Ni 108, A1 16, Mn 2 01, Pt 6*2, On 
i 4.3-47, Ag 64-66, Au 71, andCki+Ag 84 p.o. 
1 of the theory. In other comparative ezperi- 
: inente Fokin found the order of efficiency to 
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bo Au<^Cu<^Ag, and ho aasumos aa probable j haa a pungent Braell and strong irritant action 
the formation of labile oxides. ! on the mucous mombranoa, contains dlformalde* 


On the otlier liand, Le Blanc and Idoachke 
(i.c.) found in their reeoarehes tliat the catalytic 
cflfect of ailvor woh not npjin^ciably superior to 
that of (•o[ipcr. In a number of jiatenta, how¬ 
ever, a greatly iinjirovcd (‘flieii-ncy is elanned 
for Sliver lus cutulyst {Blank, Ger. Bat. 228(51)7 ; 
Kusnezow, U.S. Tat. JOdTdbf); Bouhard, 
I'V. I’at. 412501; H. von HochstettiJr uikI 
Jloizvorkohlungs, ind. A. (b J'^ng. Bat. 4(54, 
1914; U.S. BuIh. 1UK)07(5 and 1110289), wlio 
employ ns catalyHi in(‘l4\l couple,s ]>articulai'ly 
of metals of the platinum grouji and silver claim 
for these highly mc.rea.scd yudds. These eouphs 
inxwt not i)e m the form of alloys, hut in 
mo(^hanieal combination. Jn cllect, tins airange- 
innnt has been iisc'd in all eases wbcri* sev('ral ; 
metals have onte.nd m(-o tlu; construction of a 
forinald('hydc lamp or oxidiscr using a platinum : 
catalyst. ' 1 

1 tVW.s.—'riie yiidd of formaldehyde from a 
given quantit^^ of nnitliyl alcohol may vary 
within very wide limilw and never reaidios the 
theoretical value of the lajuution 

OH,,OU+O- -0lU) I ir^u 

'rhe yield di'pendn on tlie purity of the methyl 
alcohol and air, tiio nUio of the mixture, tiic 
catalyst employed ,}{» surface, temperature, and 
lorigt-n, ihii velocity of tlie giwas over it and. 
thmxifore, the time-iaintact', tlie rapidity of 
cooling of the gases, and, finally, the coiiipleti!- 
no9H of extraction of fonnaldeliydi' and methyl 
alcohol vapour from the exit gases. The j 
actual loss is caused hy (h'composition of alcoliol 
into OOj, (!(), and A certain amount of 

methyl alcohol must puss througli the nystein 
imdocotnposed. A ])ortioii of this is left In the 
final proQuet, wJiilst the balance can be recovered 
almost completely in an*ollicicnt plant. A yield 
of I50-IG0 parts 40 p.o. formaldehyde solution 
from 1(K) parts methyl alecliol may'b<i n^garded 
as normal, altliough yields up to \1C) p.c. liavo 
been obtained from specially piirilicd alcohol 
and under particularly favourable conditions 
of supervision and workin;^ The apjiarent 
increase iii weight is due to tlic addition of 
water as the solvent. 

I’lie ‘ 40 p.c. formaldehyde ’ of commerce 
oontains 40 grams per 1(50 t;.e. and has, therefore, 
a true strength oi only 'Mi p.c. Jt is in fact 
usually weaker. 'I'he article required by the 
British I’liarnuveopooia contains not leas ttian 
JIG, and not more than 38 grams OHjO ]>er 
100 0.0. and has a sjiceilie gravity of 1*080. 

On keeping, formaldehyde is converted by 
polymerisation into diformaldehyde and Irioxy- 
methyleno, causing cloudiness and deposits in 
solution. To prevent tliis a certain percont^o 
of methyl alcohol is loft in the product, which 
may, for instance, have tj!io following composi¬ 
tion: 36 p.o. formaldehyde, 12 p.c. methyl 
alcohol, 62 p.e. water. 

Formoldwjde is a gas of rharact'eristic j 
BmuU wbioK, on cooling, condensoacto a liquid 
oi b^. —21" and of sp.gr. 0*8163 at —20* or 
0*91« »t —80®. Liquid formaldehyde changes 
at ot-AO" laavdily into a solid modification; tbo 
oi monomolocular GH^O is —92"*. 
Wily •awrbe up to 62 p.c. fonnali^hydc; the 
(t«aUiy pmpared coneowfrated eohition, which 


hyde or ‘methylcneglycol CH2{OH)j, which 
changes into formaldehyde on standing. Dilute 
solutions contain the monomolecular form 
CH^O, and do not undergo any change when 
kept in closed vcssols. But on concentrating 
the solution in a douccjitor or by evaporation, 
polymerisation takes place, fiooculent masses of 
((’JB<))„I1,0 (a () to 8) b(‘ing precipitated, 
which form tlic commercial jiaraforraaldehydo. 

Tlie specific gravity of commercial formalde¬ 
hyde solutions freed from methyl alcohol were 
determined by W. A. Davis (J. Soe. Chem. Ind. 
1897, 1(5. r>02). 


Spec. Riuv. 

P.C. CBaO 

Orams CH| 

ut 00^ r. 

by weigliL 

poi lUO c.i 

B005 

2 

2*0 

1*010 

4 

4*0 

1*015 

(5 

6*1 

1*020 

8 

8*2 

1*025 

10 

10*25 

1*030 

12 

12*4 

1 *038 

15 

15*(5 

1-053 

20 

21*1 

1*064 

24 

25-5 

1*076 

28 

30*1 

1*083 

30 

3‘2« 

1*087 

31 

33*7 

I *092 

32 

34*9 

l-OOll 

33 

30*2 

1*100 

34 

37*4 

1*104 

35 

38*6 

1*109 

3(5 

30*9 

1113 

37 

41*2 

1-117 

38 

42*6 

1-I21 

39 

43’7 

1-123 

40 

45*0 


The aqueous solution jirecipitates from an 
ammoniaeal silver solution a specular deposit 
of flilvi'r, and, on treatment with hydrogen 
sulphide, yields crystals of trithiomothyleno 
(CltjSla (Hofmann, Annalen, 145, 3()0). On 
heating formaldehyde with a dilute solution of 
sodium hydroxide, formit; acid and methyl 
alcohol are produced. With concentrated 
sodium hydroxide solution and a little CugO, 
f(>rmic acid is produced at ordinary temperature. 
a.O(!ompanied by violent evolution of hydrogen 
(Loew). Bormaldcliydc readily combines with 
ammonia to form the monacid base JiexamethyU 
fnfitdramin^y according to the equation : 

0CH,O+4NH3=N4(CH,)8+6HjO. 

As tliis reaction takos place even in dilute solu¬ 
tion, it forms a convenient method for tbe 
titriraotric determination of formaldehyde (Butle- 
row, Annalon, 115, 322 ; LegJer, Bcr. 16, 1333 ; 
Loew, J. pr. Chem. 1886, 33, 326). It crystallises 
from alcohol in rhombohedra, is very soluble 
in water and alcohol, and insoluble in otbor. 

I Formaldehyde condenses with aniline with 
' loss of water to anhydroformaldehydeaniline 
CH30 + CVI5NHj=C,HbN:CHj+H,0 
On heating formaldehyde with a solution of 
, ammonium sulphate, triinethylamine sulphate is 
' formed, whereby one-third is oxidised to CO. 
(Blochl, Ber. 21,-2117). CH,0,NaHS0.,H,O is 
^ formed by adding NaHSOj and alcohol to 
; formaldehyde solution; this is readily so^ble 
' in water and methyl *ieobol, less jj|j. 
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ethyl Alcohol. By the action of hydrogen 
chloride on form^dohvde, Tiaohteohenko ob¬ 
tained dichioromdhyl eincr and water. 'Losekann 
obtained, by tho same treatment, ozychloro’ 
meih^ etheft which further yielded moTiochloro- 
mtihyl alcohol (Ber. 25, 92). By careful treat¬ 
ment with baseij such as calcium hydi'oxido or 
lead oxide, formaldehyde may be ijolymcritjed 
into a mixture of saccharine Hubstances. By 
continued boiling of Much a solution with tin, 
isoformose is obtained ; treatment with Imic 
water yicldB a-aciouc 

If lontialdohydo solution w concentratiHl in 
the prosenco of dehydrating agents, it })oly- 
morisos to trioxymdhulnn: (Clf^Ula, a erystallino 
mass fusing at 17l ‘-172'^, but. subliming lie^low 
100®; insoluble in watoi, aboliol, or ether at 
ordinary tenijieruturc, but soluble in water 
when heated to 1110', when it ajijiears to be 
converted into fonnaldehyile or jiaraforinalde- 
byde (Tollons and Mayer, Ber. 21. 2504). When 
trioxymcthylcae in volatili.sed, it diasoeiates 
completely into formaldcb\dc (v.d. irejl, Hof¬ 
mann). When boiled with bmo water, it yields 
formic acid anil an amorpiioiis hacclianne sub¬ 
stance, inHhyUnitan (Hutlerow, Annalcn, 120, 
205). 

When diy triijxyrnclbylene is lioated in a 
sealed tube willi traces of sulphuric acid at 115®, 
it is converted into the isomeric o-tiioxymethyl- 
cnc (UH^O),, winch crystallises in ncedk-s, 
melts at OO’-Ol’', and sublimes at ordinary 
tomperaturo, and is soluble m water, aleoiiol, 
and ether (Pratesi. UaKZ. chim. ita). 14, 139). 

Aucrbaeli and Bumeliall (Arb. Kais. Gesundh. 
Amt. 27, jiart 1) claim to have wLablisiied the 
identity of six individual ])oIvniendea ; para¬ 
formaldehyde (UllgOl^j l-H^O, four polyoxy- 
methyloTipH (CHyO)^ aiul o-trioxyincthylene 
(CaHgOa) of ring structure, cliaracterised by 
their form (amorphous, colloidal, indoliiiitc 
crystals, dclinitc crystals, and wcll-devclopod 
crystals), melting-point, solubility, &c. 

Formaldehyde is capable reacting with 
practically any class oi organic, and a large 
number of inorganic, subtstancoH, and forms 
numerous condcuLsation jjrfiducts. It reacts 
.with hydrocarbons, curbohydratiw, aldehydes, 
and kolonos, carboxylic, o.\y- and keto- acids 
and their csteiw, jihenols, oxyaldchydes, gallic 
and tannic acid, amines, ammonia, hydrocyanic 
.acid, hydrazines, hydroxylaminc, Mrea, uric 
acid, guanidine, the proteins, nitro compounds, 
quinoline, pyridine, and sulphur eomjiounds. 

• Ito formation plays an imjiortant part in the 
aasimilation of carbon dioxide by efilorophyll- 
COTtaining plants (Baever, Bach, Loeb, D616- 
pine). For the synthesis of formaldehyde and 
carbohydrates from carbon dioxide and water 
by photocatalysis, see Baly. Hcilbron, and 
Barker, Chem. Soc. Trans. 1921, 119, 1025). 

Alraclylis gummifera contains an active 
glnooeidal principle, airactih'n, which with 2 
or 3 drops of concentrated suljihuric acid gives a 
yellow coloration, changing to violet and bright 
wno if treated with trace of formaldehyde. 
By means of tliis reaction tho presence of 
fonnaldehyde in the juices of green leaves, when ; 
6^08^ normally to light, may be detected; ' 
SttRnaldehyde ia absent from the juices of the ! 

^ the same plants after being kept 24 ' 
iHMW m (he dark (Angelico and Catalano, 


' GaEE. ohim. ital. 1913, 43, 33; Analyst, 1913, 
{ 152). 

! The industrial employmont of formaldehyde 
is manifold, in keeping with its enormous re« 
activity. The coal-tar colour industry uses it 
very largely for condensation products j a great 
number of pharmaceutical preparations have 
foriiuddohydo os thoir active principle. lu 
most of these, use is made of its antiseptic 
powers by condensation with a variety of 
drugs. 

Thu antiseptic properties of formaldehyde 
aro oKsentially duo to jt« chemically combining 
with tho cell skin of tho micro-organisms, 
thereby bardeinng it and inhibiting their 
growth. It is employed in a number of ways 
and in difi'erent combinations. It is used in 
tho treatment of woimdH and for sterilising 
surgical instruments and thc' liands of operatore, 
occasionally compounded with soap, us in lyeo- 
for/ii. For ilisinfocting idioms a 1 or 2 p.c. solu¬ 
tion of formaldehyde may bo used as spray, and 
1.S non-injurious to coloured fabrics. A con¬ 
centrated Holution or solid paraforiualdebyde 
may be vajionscd in a lamp, and its diffusive 
anil ponetrating (pialitics make it applicable 
W’hcre other dminioctunts enumit bo employed. 
The best known forms of apparatus for this 
jiurjioso were devised by Tiillat, Tolions, Krell, 
Bai’thcl, and Schtring. In certain cases, as 
for instance in tho treatment of frozen meat on 
board ship, an uir current is passed through a 
vessel containing formaldehyde solution, hoated 
by steam coils. It lias also been prppoaed to 
treat a mixture of paraformaluchydo and 
peroxides of tho alkalino earths with water, 
when a violent liberation of formaldehyde 
vapour talcoa jilaoc (Autan). J’urmanganato, or 
othur oxidising agents, are similarly used with 
paraformaldehyde. ^ 

Its preservative qualities are made use of in 
embalming and for the jircHcrvation of corpses 
for dissection, ft is largely used for tho pre¬ 
serving of foodstullH, and possibly the effect of 
‘ owing ’ is in a measure duo to the formaldehyde 
jnoducod from burniTig wood and other carbon¬ 
aceous materials. 

rormuldobydo is employed in tho brewing, 
distilling, and sugar industries, and besides its 
prcsorv'tttivo action, a certain stimuiative effect 
on the dioatatic properties of tho malt, and on 
the activity of yeast, has been observed. 
Formaldehyde is largely used for tabling pur¬ 
poses, especially for solo leather. By ite action 
on protoid bodies, it makes tho leather hard and 
firm without having tho bad effect of acids. 
Formaldehyde solution is also used for coagulat¬ 
ing Tubber latex ; and the result of curing para 
rubber over wood fires bos been aaeribec^ at 
least in part, to the presonoe of formaldehyde 
vapour. In the paper-making and textile 
industrii’s, it is used ff>r fixing glues and sizee, 
and also for water-proofing fabrics, by rendering 
gelatin, or casein insoluble. Upon the same 
reaction ia based its employment in hardening 
the gelatin tMms of photographic plates, and for 
hardening micTr.)Suopic preparations and anato¬ 
mical museum specimens. 

Formaldehyde is also used os a reducing 
agent in the rdbovery of silver and gold, and in 
the preparation ol metallic minon. A. matcaial 
for tno manufacture of bone-lilw artieVea ia 

B 
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by the aoiton of furmaldchydo on caseiDogonate ; 

The water-pnjufiiig of straw hate ia 
footed by impregnating thorn with a solution 
of ffelatine which ie tlicn hardonod with formalde- 
hy^. On the oondenaing reaction of formalde¬ 
hyde with phenol or cr(»4olH is based the manu¬ 
facture of a Bubetitutc for horn, turtoiaesheU, 

The beet known of tlu^e condensation produch'i 
ie ‘ bakelite/ which ih in solution us a 

lacquer or varnisli, or, m its Bobd form ufti^r. 
being subjected to high jnosHurc, for eluctrieui 
insulation purposes (v. Hakelitk). 

The action of dry gaseous hydrogen chloride 
in tho cold on cc)mm(^rcial formaldehyde solution 
{about 40 p.c.) in a rcilux apparaiuH yields, hint, 
the compound OHOll^Cl. If the action is 
prolonged, a lieavy liquid (i((•H;j(!1), HcparaU-H 
This liquid, treaU'd with a mixture of con¬ 
centrated nitric ami sulpliuru acids at o' iS^rins 
a colourless oil of sp gr 1 nl ttjc coinpos>^n 
CgHiOaN.^, or NOjCft.O-tdlyO'NO,,, whmA ^ 
on hydrolysis yitrJds tomiic acid and iiiiro-i 
mothniio. It is cxtri'iuciy sciusitivc to sliock 
and dceomposcs with diloiiation, It dissolves 
uotLHiderablc aiiioiints of celliiloso nitrato and 
an explosive jellv containing 7 p.e. of cellukwo 
nitrato (12'11 }).c. N) gives a greaUu' mcreusc in 
volume tin explosion tlian oni' containing 7 p.c. 
of glyceryl nitraUi (Moi-oselii, Atti. U. Aooad. 
Linoei, lillU, [v.l 2K, i. 277). 

For the (lualitativo dototition of' forinalde- 
liydo, a number of react ions have boon proposed, 
most of which are hitsed on colour rotu;lions. 
On warming with ammoniucai silver Holutinn, 
the ailvor mirror is produced. Sehiff's reagent ’ 
ia froquoutly UBod; U'4 gram magonta is dis¬ 
solved in 25 c.c. of water; 10 c.c. of sodium 
bisulphite solution (sp.gr, l'!17r)), and tlicn 10 c.c. , 
of strong sulphuric acid are added; formaldehyde ; 
oanscs a mu coloration wliieh, on addition of 
hydrochloric acid, ohung(« to bluish violidi. 
Other reagents .suggosU'd arc alkaline rosorcinol, 
phloroghicm, codoiiu\ morpliine, phonyl hydra- 
sine, and ferric chloride. 

For tho (piivntitative determination, ^ic 
following arti used: ],cgle?'8 method based on 
tho reaction of ammonia on formaldehyde, gives 
low roeults. For impute, eonccntratccf solution, 
tho method of Blank and Fmkenbeiner (Ber, Jil, 
2979) may be employed. Ji consists in oxi¬ 
dising formaldehyde to formic acid by means 
of hydrogen jieroxido in alkaline solution. An 
iodomotno method was suggi>stcd by Itomijn 
(Zeitsoh. anal, t'licm. ild, 19), and dfhny 
oolorimotrio reactions have been worked out for 
tho exact oetimation of small quantities of 
formaldehyde. I imrt of formalin in 100,000 
parts of milk oan bo det-eeted by distillation and 
appUoation of colour reactions to the distillate, 
luaeal and Hehner have studied tho rate of 
disappearance of formalin when added to milk 
by fwmation of condcosc^iion products. Schiy^- 
ver uses phenyl hydrazine ana potoKsium ferri- 
oyanide for the wtiiuatiou of formaldehyde in a 
dilution of 1 : 1,000,000. R. L. 

FORMAUM. A 40 p.e. soluKoii of for- 
maldehyde, 

FGiUOODEHCO'NH.. Fint obtained by 
Hoimutt pr. Chem. 91, 01) by heating othyl 
fonnail» ^#W (Unmonia in a sealed tube at 100*". 

Ik ia » product of the oxidation of amino- 
aoida, lactic acid,'fdbumin, by animoniacal 


potassium }>er]Danganaic (Haslcy, Zeitech. phy¬ 
siol. Chem. 25, 325). 

It is formed by the action of the silent dis¬ 
charge on a mixture of carbonic oxide and 
ammonia (].^sanitHch and Jovitschitsch, Ber. 

I 30, 138); by distilling sodium formate with 
ammonium clilorido in a vacuum (Verley, Bull. 

! Soc. cliiin. 0, {3] 091); or by heating crystallised 
I ammonium formiito in a scaled tube at 230° for . 
I 5 houi-H (Hofmann. Ber. 15, Otfb), but is best 
I prepared by heating ]iure dry ammonium for- 
j maU^ for 2 houm at 100 -180'' in an atmosphere 
I of ammonia, then fractumating in the same 
I atinoHplien! at j inm. ^ire-ssurc (Freer and 
: Sherman, Amer. C'liem. .1. 20, 223). 

Formamidc is a lujuid, b.p. 86°-95° (4 mm. 

, prciKsmc); at onlinary }»resaure it decomposes, 

' when heaUid above 100'', into carbon monoxide, 

I uninionia, liydrogc'ii cyanide, and water. It 
crystalliKCH, in nw^dles, in.p. 2'25''’ (Brann) ; 
■^ur. I'70 at 4“ (Freer and Sherman, l.c.}. 
Phospnoru.. jicntoxide converts it into water 
and hydrocyanic acul; HCO'NIlj^HCN + HjO, 
Strong caustic pot-iisli de<*ooiposo8 it, even in the 
cold, into potasHiuni formate and ammonia. 
II is also ilecnmpnsed liy a mixture of fuiiasaium 
chromate and .sulphuric acul, forming carbon 
dioxide and ammonium liydrogen sulphate ; 
by hydrogen jicroxidc with production of am- 
I monia and curhoii dioxuie (de. C'oninck, Compt. 

: rend. 12K. 50.3); and by sodium hypochlorite 
on liealing (d(' ('oiiinck, ihiil. 121, H93). Forma- 
mide combines with ehloial forming ehloral-amid 
or cJiloKili/m ftirnuimtJaium, used as a disinfect- 
ant and as a preservative, and fur its hypnotic 
properties { r . Chlorau). Sodium, silver (Freer 
and Sliorman, Aiiu'r. Clicm. J. 502 and 1.0.: 
Til-herley, ('hem. Soc, 'rrans, 1897, 4.06) and 
mercury suits have been obtained (Fischer and 
Grutziiur, Arch. Pharm. 232, 329). Condensa¬ 
tion products of value as antiseptics and sol¬ 
vents for uric acid arc obtained by condensing 
forhiainidc with formaldehyde, paraldehyde, or 
trioxymethylene (J. Soc. (Jhem. Ind. 25, 283). 

FORMAMIDINE, Methenylamidine 
CH(NH)fNH,). 

This compound, the lowest member of the amid- 
ino serkvs, may bo regarded as formamidc 
HCO'NH, in which the oxygen atom has been 
replaced by imidogon. Obtained by acting on 
the double, compound of hydroeyauio acid and 
hydrochloric acid with absolute aJoohol: 
2HCN,HCi+2C2H,-OH 

=CH(NH)(NlL),HCl+0aH6Cl+HCO,-C,H, 
(Gautier, (jumpt. rend. 05, 410 ; c/. Claisen and 
Matthews, Glicm. Soc. Trans. 1882, 205). From 
the hydrochloride of formimido-ether 
CH(NH)(OC,Ht),HCl 

and alcoholic ammonia (Pinner, Ber. 16, 376» 

' ltk47). Formumidine hydrochloride crystaHisea 
from alcohol in hygroscopic granules, melting 
at 81% and decomposing at 100° into hydro¬ 
cyanic acid and ammonium chloride : 

CH(NH){NH,)HCl=HCN+NH4a 
When liberated from its aalta by caustio potMlk, 
formamidine is at once decomposed inio am* 
monia and potaasium fomate. Its aato esya- 
taUke with (O^Nt3Q)^JtCE 

very soluble, onogo*!^ qnadnklo pyniiaD^ 
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' FomamidiDe picrato 

NH: CH-NH3,C,Ha(NO,),OH 
obtained by tbe addition of formamidine hydro* 
chloride to picric acid, ciyatallisee in long 
lustrous yellow needles, m.p. 248° (Dieohznaiin, 
Bor. 25, 705). 

Substitution dorivativoe of formamidine 
have been studied by ilains {ibid. 35, 2496). 

FORMAMINT. Trade name for a prepara¬ 
tion of lactose and formaldehyde. 

FORMAN. Trafic name for chlormothyl- 
menthyl other formed by the 

action of formaldehyde upon menthol in the 
presence of hydrochloric acid. A colourless, 
fuming oil, b.p. Hi0“-162°, 16 mm. proBsurc, 
decomposed by water into its original con¬ 
stituents. Employed in medicine in catarrhous 
affections of the air jiasHages {v. Svntjiktjc 
DRuas). 

FORMANILIDE Id CO N H Cell#,-or 

on (Ilf ; N 

(Olaisen, Annalen, 287, 360; Whc*«?lor and 
Medcalfo, Amor. (ihcm. J. lU, 217). First ob¬ 
tained by Gerliardt (Annalen. 60, 3U») by heating 
aniline oxalate, llest prepared by heating 
together moh'cular jiroportions of atuhno and 
strong formic acid on the wuUir-bath under 
reduced pressure to reniovi' the water, then dis- 
tilling under ordinary prowau’ro until the tliermo- 
motor indicates 250°, and finally pouring out the 
undistilled portioir. when il solidities on standing 
(Wallaoh and Wusten, iliu-. l(i, 145).—Ixing 
four*9ided prisms melting at 40", moderatoly 
sulubio in water, readily so m alcohol. Dilute 
acids decompose it into iiniline and formic acid. 
Formauilido is rapidly attacked by chromic acid, 
various colouring matters being formed (de 
Coninck, Compt. rend. 128, 503). 

Sodium, silver ((.^imstock, Her. 23, 2274 ; 
Comstock and Klecberg, Amor. Clicin. 5. 12, 
493), ami mercury compounds have been ob¬ 
tained (Whoelei' and McFarland, ibid 18, 540). 

Other derivatives are doscrilxid by (’omstock 
and Kloebcrg {l.c,), (daisen (Lc.), and Comstock 
and Wheeler (Amor. Cliom. J. 13, 514). 

FORMATOL. Trade name for a preparation 
of formaldehyde. Used as an antiseptic. 

FORMESTON. Trade name for basic alu¬ 
minium formate. Used in wound dressing. 

FORMIC ACID (<^r. Ameiaensaure) 
H'COOH. Discovered by Itoy, in }670, by dis¬ 
tilling red ahts with water. Formed in the 
acid secretions of certain caterpillars; in the 
common nottlo (c/. Dobbin, Proo. Boy. Soc, Edin. 
1019, 39, 137); in the fruit of the soap-nut tree 
{8apindu8 aaponaria (Linn.)) ; in tamarinds, Ac. 
Occurs in sweat, urine, and muscular plasma. 
Formed by the dry distillation of starch, sugar, 
gum, tartaric and oxalic acids, Ac. It may be 
prepared from acetylene by dissolving in faming 
sulphuric acid an^ diluting with water. On 
bouing with baryta and Altering, the soluble 
barium formate remains in the nitrate. Best 
obtained iu the laboratory by heating a mixture 
of glycerol (or othe%polyatoDiio alcohol of high 
boiiing-pouit) with crysulisod oxalic acid. The 
an^drous ^yoerol is heated with the oxalic 
aad to 75°-*90° until the evolution of carbon 
dioxide nciaocB, when a fresh, quantity of oxalic 
*oid is added, a^ the poooen repeMiod. 

The mtorpratation of tins reaction oraally 


aooqited is that the oxalio add (LH,0«,2H«0 
decomposes into water, carbon fuoxii^ imd 
formic acid, which reacts up<» ’the glycerol, 
forming monoformin. On the addition of a 
further quantity of crystallised oxalio acid, the 
water of crystallisation deoompcMS the moiu* 
forinin, producing glycerol and formic acid, 
which distils over 

C3Hj(OII ), + H-COOH - HCO-OC,H,(OH), + K,0 
Glyocn)!- Formic add. Monoforndn. 

Munofurmin is thus being continually formed 
and dostroytHl, with the eventual production of 
fonuic acid of from 87 to 88 p.c. (Lorin, Bull. 
Soc. chim. [ii.] 5, 7 ; 20, 241 ; ' 24, 22 and 
436). 

Acconling to Chattaway (Trans. Chem. fcjoc. 
1914, 151), glyceryl oxalate and glyceryl acid 
oxalaU^ arc the first products of the reaction. 
The latter is unstable ut a slightly hifiber 
temperature, and dcoomposee, giving carbon 
dioxide and luonoformin. 'Die further addition 
of acid displaces formic acid from the mono* 
formin. 

The formati'S {ace below) arc the startinff* 

I point for the mamifacturo of formic acid. 

; Wherou.s, at one time, oxalic acid was the 
^ source from which formic acid was obtained, 
now formaUui can bo used as a source of oxalio 
acid (D. K. P. niU7H. 144150, 161612). 

I Formic acid is ubtamed by heating formates 
1 «n. vacuo with acids or acid salts (Hempd, 
i Eng. Pat. 3428; J. Soc. Chem. Ind. 1W9, 

1 259): by treating formates with hydroHuoric 
I acid (Strauss, 1). K. P. 209418; J, Soc. Chem. 

[ml. 1909, 074); and by heating in a still 1 
' lart of Hodiuni formate with 2 parts of sodium 
lydrogcn sulphate or other acid salt; in the 
last method, acid of from 07 to 98 p.o. is obtained 
i (Oh. Fab. Griinaw, J^andshoff, und Meyer, Akt. 
; Ge»., Eng. Pat. 14438; I>. R. P. 192881; Pr. 
, Pal. 367310; U.S. Pat. 857046 ; v. also Hamel, 
Eng. Pat. ir^M ; Fr. Pat. 341704; U.S. Pah 
: SOfiOOO ; J. Soc. Chem. Jnd. 1904, 9113, and 8oo, 

; i(^on. des Etab. Eyckon and Loroy ; Fr. Pat. 

! 393526; J. Soc. Chem. Ind. 1909, 160). 

Anhydrous formic acid may be obtained by 
I gently heating load formate with sulphuretted 
{ hydrogen, by heating the dehydrated sodium 
j salt with anhydrous oxalic acid, by distilling 
! the ordinary acid over anliydrous copper sulphate 
I under a pressure of 120 mm., or by the oar^nl 
I addition of phosphoric oxide and subsequent dis* 

I tillationunder 16 - 18 mm.pre 8 snre(Jone 8 , J.Soo. 

I Chem. Ind. 1919, 38, 302 T.). It is a oolonr- 
^ less, slightly fuming liquid, with a penetrating 
i smell, and is intens^y corrosive. Boils at 99*9 j 
! sp.gr. 1*226 at 15°, 1*2200 at 20°; b.p. lOr 
I (oorr.) (Thorpe and Rodger); solidifies at a low 
! temperature, forming Large brilliant pktes; 

; m.p. 8*36°. Traces of water lower the m.p. 

; and raise the b.p.s The specific gravity of 
i aqueous solutions is given in tiie foUowiim 
Mle (RieWdson and Allaire, Amer. Chem. X 
; 19, 160) 
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Formic acid in readily decouiuoaed eatulyti- 
cally according to one or more of the following 
onuatioiw : (1) H(.'«)(m—('Oj-f-Hj; 

(2) JJOOUH- (KI + HjU ; 

(:i) 2ii(;(H)ii-^iu:0H-i-C0a-i-H20. 
ily loading f )i<' va]>our ov<^r the following heated 
8ulwtatU'e.H it IS dc<-ornj)osed in accordance with 
equation (1) at varying raUss and tcnijicratun'^i • 
jmlhwliiitn, platinum, <()])[)()r, nickel, cadmium 
and oxi(k-H of and tin. Palladium njiongc 
and platinum spong(t liiitig about total decom¬ 
position at. 24r) and 2ir) roHjicctivcly. 'J'ltanic 
oxide and the blue oxide ol lungHten d<H-oninoBe 
tile acid aceording t.o (sjuation (2) ; Silica, 
/irconia, alunnna, and uranuus oxide m addition 
to carbon monoxidcr and water'iiroduce formalde- 
)iyd(!. Witli tlioi'ia all thrc'c reaetionH are 
jxisHilile, <le[)cnding upon the teiiipiuature 
A heated Jena glju^s tube at 1540' decomposes 
the ueid into carbon dio\ld(^ aiirl liydrogen. 
Powdered jiumtns magnesia, and wood eliarcoal 
resolve it into earium monoxide and wutiT 
(Sabatior and Maillie, Compl. lend. 1911,: 
152. 1212). 

IJcatial Willi conei'iil rai.ed Hulptiunc acid, 
fonuatois evolve carlxm monoxide ; witli fiuTic 
clilorido neutral solutionM give a red colour. 
Silver nitrab' i.s reduced to nietallic silver, which 
in [irecipitati'd, jiartly lus a black powder, and 
partly w a lustrous deposit on the tube. Mor» 
curie chlondt* is K'dueed to mercurous elilund(‘, 
and if excess of fonme arid is pre.sent, to metallic 
mercury. 

Formic acid may be estimated by the method 
of Jones (Amer. ('iiem. ,). 17, 51511), Tlie solu- 
tiuu Is imuie alkaline with sodium carbonate, 
warmed, and an excess of standard perman¬ 
ganate added. Tlu> solution is aeidilied, and a 
motwured volume of oxalic acid is run in, until 
tho preeij)itato of mangaiieso hydro,xi<lc hjw dis¬ 
solved and till' pennanganato disappenr-cd. I’lio 
oxcoHS of oxahe aeid is estimated by titration 
witli standard permanganate. A volume of 
oxalic aeid equal Ui tliut taken is also titrated 
with permanganate Mohiiion, and the dillcreuce 
between the rwult and tlic total permanganate 
used gives tho quantity of permanganate re¬ 
quired to oxidise the formic acid {r. also Uupp, 
Zoitsch. anal, ('hem 190(5. 1587 ; (Irossmoun and 
Aufrocht, ]5or. J90t5. 2455). Other methods 
depend on the reduction of mercuric chloride to 
mercurous chloride (Si'ala, J. anal, and apjil. 
Ohmn. 5, 21115; ij(d>cn. Monat-sh. 1803, 740; 
Leys, Mon. .Sci. 12, (532 : Fraiv/.cn and (5reve, 
J. pr. Ohom. 11K)0, 80. 308 ; Kieasor, Zoitsi'h. 
physiol, ('hem. 1015, 00. 355); tho titration of 
the aeid with standard alkali, or tho dccornpusi- 
tiun of the acid in the carbonic acid aiiparatus 
with sulphuric acid and potassium dichromato 
(Rupp, Arob. Pharm. 243, 09). For estimation 
in the preeenoe of acotic acid, v. Freyer, Chcra. 
Zeit. 1896, 1184; Heuapr, ibid. 1916, 57; 
Laufmann, tbid. 1915, 575. In presence of 
other substances, v. Fincko, Biochem, Zeitseh. 
1913, 60, 263 ; Analyst, 1913, 378. 

Formio acid is a strong reducing|Agent and 
u powerful antiseptic. It is used us a food 
preservative (Woodman and Burrell, Tech. 
Quart. 1908) 21, 1), and in browing is added to 
the yeast nUHih as an antise}>tio (I^uigc, J. Boo. 
Ohem. lud. 1905, 1025; Hennete^, ibid. 
1906, 192). It is used in dyeing as on assistant' 


^ or reducing agent with potassium dichromate 
mordant and also fur dyeing woollen goods or 
unions with acid dy&stufts (Kapf, ibid. 1906, 
129; Meitner, ibiit. 435; ana Ruby, ibid. 
1907, 407). 

The formates. —rndustriai methods for the 
prcjiaration of the formates are based on throe 
reactions; (I) Tlic interaction of carbon mon¬ 
oxide and metallic o\id(*s. In this method, carbon 
mouoxidti under jircssurc is passed over metallic 
oxid»«, basic nimcial.s, or alkali hydroxides, 
tlic conditioiiM varying slightly in the different 
processes (Usincs des Moulms, Fr. Pat. 382001 ; 
J. Soc. ('hem. Ind. 1908, 183; Ellis, TJ.S. Pat. 
875055, ibid. ; Basdieu, .). Soc. Ohem. Ind. 
I!t08, 420; Eng. Pat. 135t53; Furb. Meister, 
liUciiis, and Brunnig. Fr. Pat. 389005 ; J. Koc. 
Ohem. ind. 1908, 7(59 ; Hau.'-o, Eng. Pat. 4771 ; 
,1. Sue. (‘hem. Ind. 1908, 898; Elect. Werke, 
1). K. P. 179515; Ohem. Soc. Abstr. 1907, [i.] 
378 ; Koepp and Ou, J). 11. 1*. 209417 ; Fr. Pat. 
3421U8 ; Ohem. Zeiitr. 1909, !.i. | 1785). (2) The 

hydrolysis of the cyanidos of tlio alkaline earth 
metals. The cyanides of the alkaline earth 
metals ari’- tn’atcd witli water vapour under 
fU'CHHUi'c ut temperatures below 300'’’, whereby 
iiminonia and a furmati' aio ]iroduced (Bad. 
Anil, und Soda Fab., Eng. Pat. 22038 ; Fr. Pat. 
372714; J. Soc. (Jiem. ind. 1907, 527; Eng. 
Pats. 784, 1912; 11485, 11480, 1915). Tho 

interaction of a solution of jiutassium ferro- 
cyanide witli caustic potash according to tho 
following (’(juation has also boon jiatentod by 
iJiiakh (I). K. P. 281044): 

K*Ke(('N)„ I 1411.0 

^4ilOO()K -|-21lO()()Ni{4 I 4NJIa4-Fc(UH),. 
(3) The rcduclion of carbonic acid or tho 
carbonates liy hydrogen. Jlogntion (Eng. Pat. 
12(504 ; J. Sou. (’hem, ind. 1893, 8(54) obtained 
a mixture) of ammonium foi niatc and bicarbonate 
by parsing moist nitrogen, hydrogen, and 
carbon dioxide over slightly heated pumice or 
other absorbent bodies. Water ga« and ‘ Ebel- 
men gas ’ wero used to supply the hydrogen and 
nitrogen respectively. More recently the reduc¬ 
tion of carbonic acid and the biearbonates by 
hydrogen under prcRsure htw been studied by 
Brcdig and (’alter (Bor. 1914.541). They showed 
that calcium carbonate heated with hydrogen 
under 50 atmospheres pressure and carbon 
dioxide (20 atmo.spherps) at 70° in the presence 
of spoiiuy pijlladium in 4i hours gave a 100 p.c. 
yield of calcium formate. A 76* p.c. yield of 
lotassmni formate was obtained by passing 
lydrogen at 00 atmospheres pressure through a 
5 p.c. solution of notassium bicarbonate con¬ 
taining palladium black (Eng. Pats. 801 and 
97(52. 19 16). 

Dccotnposition of the fornuites .—formates 
of the alkali metals on boating in absence of 
air to*4(K)° decompose, giving mainly hydrogen 
and oxalic acid, at lower temperatures carbon¬ 
ates are chiefly formed. The formates of the 
alkaline earths give only carbonates. The 
presence of two molecular proportions of caJoium 
hydroxide lowers tho tempeiature of decomposi¬ 
tion of oalcium lormate from 375° to 260 , the 
proportion of hydrogen rising from 35 to 93 p.o. 
(Levi aiulPiva, Ann.Chim. AppUcata, 1916,271). 
Under certain conditions formaldehyde is one 
of the products of the resotion (Hoimann and 
Sohumj^t, Her. 1016, 303). 
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PoUunum formate HCO^K aAd Sodium 
formate HGO^Na ant readily soluble deliqucecent 
salts which^ according to Binoau, form aoid salts 
on solution in hot concentrated formic aoid. 
CaMum formate (HCOj)o(^a and Ikirium forruate 
(HC02)3Ba crystallise in rhombic prisms, 
readily sohiblo in water, insoluble in alcohol, 
Lead forynaie (HCO^).Pb is U«a HolubUt in water 
than other formates, 1 part dissolving in (>3 
parts of water at Ib^', ami is insoluble in alooliol ; 
the solution forms a aerie's of basic foriuaUw on 
being warmed with lead oxide, which have an 
alkaline reaction and oryslalliHe in needles. 
('opper formate (H(lU2)./’u,4Hj) crystallises in 
light blue monoidiuic pvisni.s : forms biusic salts, 
l)u(HOO.) 2Cu(()H). and t‘u(ll('(),),.:i(’u{()H )2 
(Trans. Chem. Soc. l!Hr>, 1 2H I ). ’ Silver and 
mercurous formaU'.s (h'l'oniposo (‘ven in the 
dark, and the latter deflagralc.s when heated 
and docojnposo.s on pertussion. ('hronious 
formate t'r(ll('Oa)/2Hd), rod cubes (Her. IhlO, 
1070)- Methyl formate boils at 3(i‘4' (712 min.), 
8p.gr. 0*9928 ; it is best made by acting on dry 
Bo<iium formato with a mixturo of methyl 
alcohol and aqueous Iiydroehlorio acid, or by 
digesting methyl alcohol witli eoncimt rated 
formic acid. Ethyl formate, hods at 50*4 , ami 
has Bp.gr. 0*944r> at O’. It is made by heating , 
a mixturo of G parts of alcohol (90 p.e'), 7 jiarts ; 
of Bodiurn formate, and 10 parts of eonceniraiod 
sulphuric aeid. 

FORMICIN, FORMIDIN v. SyNTHKTic 
DBUQ8. ' 


I ammonia, a crystalline maea is obtained. Pure 
' triformin ia colourless; baa m.p. 18 °; b.p, 
20O°/702 mm. ; =1*4412. It ia asponi6ed 

I slowly by cold, readily by hot water (von 
HoniDurgh, Zoitaeh. phyaikal. Ohem. 1910, 70, 
4r)9). 

Hy heating erythrol with formic acid and 
distilling off the acid at. 2(H)'\ a mixturo of 
formiiH IS ohtaineil, from whieli a tetraformin 
luus been isolatsjd. This forms Hilky noodles, 
in.]). 150 ' (Heuninger, (\>inpt. rend. 9*8. 149). 

FORMITROL (forinolyiitrol). Trade names 
for a propanit ion of fortnald<-hyde. 

FORMOL. Trade name for a preparation of 
formahlehvdo. 

FORMOLITES. A term applied to tho various 
eloHses of phonol-formaldoliydo, resins, e.g. 
lakelilos, rcainito, isaolin, ulbertole, etc. 

FORMOPYRINE. A compound of anti- 
pyrine and formaldehyde ; 

tn.j). 142' ; insolubU' in cold water, soluble in 
chloroform and ahuiliol. Forms Brdts with acids 
(Marcourt, Hull. Soc. ehim. 1890, 520). Stolz 
(Hor. 1890, 29, 1820) and Hellizzari (Gazz. chim. 
ital. 1890, 20, ii. 407) atate that Marcourt’s 
‘ formopyrine ’ is identical with methylene di» 
autipyrirle CHj,{G|iH,/)N2)2, described by 
Helhzzari (Gli«m. Soc. Abstr. 1890, f>45). 

FORMOSE l\ CAKHOHYDnATKS. 

FORMURAL, Trade name for an addition 
product of hexamctliylenotetraminc and sodium 
citrate. 


FORMfNS are esters produceil by tho con¬ 
densation of glyiierol or other polyliydric 
alcohol with form'ic acid. 

Monoformln ilC()'()(V,lf,i((.)H)3 is produecal 
in tho preparation of formic acid by heating 
filycorol with oxalic acid at 190" (Tollena and 
Henninger, Bull. Soc. chim. fii.] II, 395), and is 
extracted from tho mixed product by moans of 
other, ft is also prepared by the interaction of 
monochlorhydrin and sodium formate at IGO^ 
(van Romburgh, llcc. trav. ehim. 1, 18G). On 
diatillntion under atmospheric pressure it decom¬ 
poses into carbon dioxide, water and allyl 
alcohol, but may be distilled unchanged in i<acv6. > 

Dinilroforrnin ia a yellow oil, sp.gr. 1 *5 at 15°. 
It is formed together with nitroglycerin by heat¬ 
ing anhydrous oxalic acid with glycerol at 150° 
and treating the product with nitrosulphuric 
acid (Vendor, ]). R. V. 209943 ; I'hcm. Soc. 
Abstr. 1909, i. {;92). 

Dlfonnin {HCl) 0)2C5H5 0H is the chief 
constituent of the residue obtained in the 
preparation of formic acid by heating anhydrous 
oxalic aoid and glycerol at 140° (van Romburgh, - 
J. 1881, 508). It is extracted with other and 
punhed by distillation under reduced, pressure. ; 
B.p. 1G3°-160° under 20-30 ram. ; sp.gr. 1*304 
at 16°. Insoluble iii carbon disulphide and de- • 
oomposed by water with the formation of gly¬ 
cerol and formic acid. On heating under atmo- 
^heric pressure it is decomposed into carbon 
dioxide, water and allyl formate. With 5 
0^ glycerol ak 220°, carbon monoxide, : 
dioxide and allyl alcohol ore the products, ■ 
WTulst with oxalic acid, carbon dioxide and 
lormio acid are produced. 

(HOO'OjCgHj is prepared by • 
“*«ng glycerol with excess of 100 p,c. formic 
•wL By cooling the visdbus product by Uqatd ; 


FORMUROL. All additive compound of 
liuxamoihyliuiobotrainine and sodium citrate, 
Used as a urinary antisojitic. 

FORNITRAL, Trade name for a compound 
of two niols. of formic acid with one mol. of 
ciido-anilo diphenyldihydrotriazol (HCi)OH), 
(^'6H'8)3(N4 CuH,). LI«od for the dotootion and 
estimation of nitric acid instead of nitron 
(Anil. Chim. Anal. 1921, 3, 207; Analyst, 1921, 
386). 

FORSTERITE r. Olivikb. 

FORTOIN, Mcthylcne-dicototn 

CH2(Ci4Hn(J4)2 

Formed by tho action of formaldehyde on 
cotoln. Used in the treatment of diarrheea. 

FOSSIL RESINS Kbsins. 

FOWLER’S SOLUTION. A solution of 
potassium arsenite. 

FRACTIONAL DISTILLATION v. Distilla- 

TIOH. 

FRAGARIANIN v. Tannins. 

FRANCKEITE. A complex sulphide ore 
of tin, Pb5FeSn38baS,4, containing, according 
to this formula, Sn (g*?! p.c. It eonsista of 
platy, tetragonal crystals, with a jxirfect cleavage 
parallel to the surface of tho folia, which are 
often aggregated in more or less pronounced 
radiating groups, sometiniRs forming spheirulee 
and ronifbrm masseee It is iron-black with. A. 
bright metallic lustre; marks paper and is 
maUeablo, like graphite. Tho mineral occurs 
in some quantity near Chocaya and in the 
Trinacria i^ine at Poopo in Bolivia, axui Is 
known locally as llicierta. The above formula 
written in the form 3PbHnSj4-Pb,Fe8bJ|| 
brings- out a relation between franokrite 
the allied Bolivian minerals teallite (PbSnSr) 
and oylindrite (SPbSnSg+BnFeSbjSs), Anal^W 
1 and II by G. T. P^or, 1904 (II on hm 
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distiQctlTmflt&Iliuexaaterial with 8ome maeatve), 
HI by C. Winkler, 1893 (also germanium about 
O'l p.c., and ganguo 0’7l p.o.):— 



I. 

U. 

in. 

l*b . 

. 4()'23 

48-02 

50-57 

Kc . 

2-()9 

2-74 

2-48 

'An 

U-57 

— 

1‘22 

Ag - 

0-97 

0-5M> 

n.d. 

Sn . 

17-05 

13 89 

12-34 

fSb . 

, 11-50 

13 00 

10-51 

S 

. 21-12 

20-K2 

21-04 


100-19 

99-52 

98-87 

Sp.gr. 

5-HH 

5-92 

5-55 
h. J. 


FRANGULIN v. Ci-troosiOKs ; also (Jascaua 

8AORADA. 

FRANKINCENSE v. Ouhaniim; art. Gum 

B88INS. 

FRANKLINITE. A mcmhiT of tliu Kpinol 
group of minorals with tho general formula 
K"0*K/'05, wlioro R"i=:Fo, Zn, Mn, and 
Mn. 'l’li(' actual composition is v<'ry 
variable; ferric f)Xide always predominates 
(50-07 p.c.), zinc oxide rang<'s fnnn C to 23 ]).c., 
and Tnan^^nese <ixid(w (MnO, MujjOh) average ' 
10-20 p.c. The mineral ooeuw os well-clevolojicd 
<;ry8Lals of octahedral habit, ns rounded grama,' 
'and as granular masscH. ft is black with a snb- 
motallio lustre, niiuth resembling niagnoiito in 
appearance, but is readily diHtinguiHhable from 
thiB in being only sliglitly inagnclic, Hp.gv. 
5'0-0’2; hardness, 11. 

Although known onls from Franklin in Ntiw 
Joney (hence the name), it is found there in 
oonsiderablo abundance in association with ores 
of zino in crystalline limestone. After the ex¬ 
traction of the zinc, the residue is used in the 
manufacture of H^iiegeloisen. L. J. 8. 

FRAXETIN Horsk chbstnitt. 

FRAXIN V. (jLUt’osiDBS; also Horse ciiest* 

NUT. 

FRAXITANNIC ACID t». Tannins. 

FRBDO. Trade name for calcium hydro- 
sulphite. 

FREESTONE. .\n indotinite term used by 

? [Uarrymon for a rock which adinita of being 
rwdy worked in any direction for use as a 
building atone. Such a rock ah(^ws a uniformity 
or evenness of grain and no distinct l>odding. 
Many atratitied rocks may l>o n*adily sawn when 
freshly quarried, and while holding the ‘ ((uarry- 
water,' but aecpiire considerable haixlnoas on 
expoauro to the atm<«phorc. Most freestones 
an either limestones or aandstones. In the 
Inferior Oolite then* are pertain bods known to 
geologists as the Jx)wer and Upper Freestones, 
which are largely quarried os Duilding stones, 
near Cheltenham. The Bath stone from the 
Great Oolite, and the Portland stone from the 
Upper Oolites, are also weli-know'n Oolitic 
freestones. The term freestone is also appliod 
to many of the red Permian and Triassio sand¬ 
stones of thS north-west of England, e.g. the 
St. Bees sandstone. Many ofthe Goal- 
measure sandstones admit of being readily cut 
a^d tooled, and, being without any marked 
tendenoy to split in dehnite directions, are 
valuable freestones : such, for insitance, are the 
sandstones of Ch^Ieith, near E^burgh, and 
of Darley Dale in iWhyshire. L. J. S. 


. FREIB8R0ITE v. Fahlorb. 

FRENCH CHALK. A variety of steatite, or 
Boap-stono, used for marking cloth and for re¬ 
moving grease from silk. It is a hydrated 
magnesium silicate, with a smooth unctuous 
feel. In a powdered state it is sprinkled inside 
now gloves and in the lioels of boots to produce 
a smooth surface and cnabh' thorn to be readily 
slipped on (t. Steatite). » 

FRENCH GREEN, EMERALD GREEN v. 
Pigments. 

FRENCH POLISH. A solution of shellac . 
in alcohol; occasionally containing gum elemi 
and copal. 

FREUND’S ACID (l-Naphthylamine-S : (i- 
disulphonic acid) v. Naphthalene. 

FRITTS and GLAZES. The ‘glaze’ of 
pottery is a vitreous coating, which serves to 
make th(( articles impi'i-vious to liquids, and may 
also he used for decorative purpoBCS. According 
to the context, liowever, the word is also em¬ 
ployed to diuiolc (1) the mixed and powdered 
<lrv materials to bo used for the coating, or (2) 
an emulsion of these materials suspended in 
water (‘ wet glaze ’). 

Usually the glaze is ajiplied by dipping 
the dry or ‘ biscuit ’ ware into this oraulsion. 
Tlie water soaks into the porous ‘ body,’ leaving 
rt dnjHisit of the solid materials on the surface. 
When thfi warn is subsequently heated to a 
suflieiently high temperature, this layer melts, 
forming a glossy coating fused more or Ices 
completely with the underlying body of the 
article. .Sometimes, however, tho glaze is 
poured over the ware, or sprayed urion it, or 
du.sted on ns a dry powder, instead of being 
appliod by ‘ dipping.’ In tho sjiecial ease ot 
salt glaze (used for stoneware), the salt is vola¬ 
tilised on to the ware in the kiln during firing. 

The normal quantity of dry glaze on table 
and toilet ware ranges from about 4 to over 9 p.o. 
of the weight of tho ware, the average being 
between 6 and 7 p.o. 

A good giaze should bo clear, bright, and 
uniform; hard enough to resist wear; and in 
the case of domeetic and sanitary artiolea, 
should withstand tho action of all the ordinary . 
acids. 

Defects. —Two principal defects to which the 
glaze on w'aro is prone are (1) ‘ crazing,’ and (2) 

‘ scaling ’ or ‘ moulting.’ In tho first, a network 
of lino cracks spreads over the glaze; in the 
second, tho glaze chhw off at the edges. They 
are usually accounted for as follows :— 

Broatliy speaking, tho coefficient of expan¬ 
sion of a glaze should be that of the underlyhig 
‘ body.’ tf, on cooling, the glaze contracts 
: much more than the body, it is under teiui(m« 
and eitheif at onoe or during subsequent usage 
it yields to the stress, and cracks. The ‘ crazing ’ 
may not develop for several months. In some 
ware— e.g. tiles—crazing is not of iteelf a serions 
fault; in fact, makers hold that the refraoticn 
effects which result render the ware more - 
artistic. Tho purchaser, however, may 
prejudiced against it; in the case of table 
ware there is the additional objection that tlie 
creeks may harbour dirt and mioro-OTgoiusi&K« 

On the other hand, it the glaze oootraetl 
much Ices than the body, it is imdw pr a wBre 
when cold, and portions oW off,' evesi mmiiimm 
breaking the My ftnUT This ‘soa&^V d# ^ 
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jODoltinff' » A IflM frequent evil M’auiiff. i of » gUse in terms of moleoaiar * equtTnUttts ’ 
Moreover, it usually shows itself iminediatwy! the sum of the RO oonstitoenti being made 
ftfter flringy and a remedy can thus be looked | unity. Thus the glaee described on S48 
for before turning out further similar goods. ' will reduce to lRO»0*27XlgOa,3*5(SiOa»PtO|). 

Other reasons for crazing are given in some! Typical English glazes similany work out as 
oases. Thus ‘ short-fired ’ glaze, where fusion follows :— 


with the body is imporfoot, is prone to craze. 

Either the body or the glaze, or both, may 
be modified to remedy crazing. In the glaze, 
the proportion of eAkaiis is diminished, or that 
of the lime, silica, or boric ozide increaseil. 

Compo3itxon.-—Gl&'At» after fusion are either 
alkali silicates (salt glaze), or silicates and 
borosilicates of aluiiiimum, alkalis, and the 
alkaline earths, with or without lead. Jn 
coloured glazes, various colouring oxidew, e.g. 
those of cobalt, copper, iron, mangaucso, are 
also present. l3pforo fusion, the glaze may be 
mere^ common salt or felspar ; but the usual 
materials of glazas are; (icrtani natural silicates, 
namely felspar, china clay or kaolin, and 
OomisQ stone, mixed witli tlint or sand, chalk, 
borax or boric acid, soda, white lead, rod lead, 
and litharge, (bullet {broken gloss) is also 
sometimes an ingr<;dient, and for coars(^ (earthen¬ 
ware glaze, galena. 

Fritting. Borax, boric acid, and soda, 
however, being soluble in wat^T, would pass into 
the porous body of the biscuit ware during 
dipping if they won^ merely mixed with tlie 
otaer ingredients of the wet glaze. Hence they 
must bo made insoluble in water. 1'his ia done 
by fusing them witli a portion of the other 
ingredients containing lime, alumina, and silioa, 
and the complex borosiheato thus obtained ia a 
‘ borax fritt.^ 

By ‘ fritt,’ therefore, is to bo understood 
certain ingredients of a glaze, which bavo been 
mixed and aubjected to a prciliminary fusion 
before being ground up with tho remaining 
materials. Occasionally, tho whole of the 
ingredients may thus be formed into a * fritt.’ 

When lead is a constituent of tho glaze, 
fritting is also advantageous, for two reasons; 

(1) it can thus, with due rare, bo rendered almost 
insoluble in dilute acids, and therefore much less 
dangerous to the health of the workers than 
when in tho ‘ raw ’ form of oxide or carbonate ; 

(2) the high density of ‘ raw ’ lead tends to make 
it settle down in the dipping tub more rapidly 
tfaui the lighter ingredients do, thus making the 
glaze lees uniform; this tendency is largely 
counteracted by having the lead in tho form of 
a fritt. This, of course, also applies to other 
heavy materials, such as barium carbonate. 
Other cases where fritting is beneficial ore when 
an ingredient is present in very small proportion, 
ainoe it is then distributed more evemy; or 
when certain of the constituents are fusible with 
difficulty at the temTOrature employed for 
* firing ’ the ware. A higher temperature may 
be QSM for the fritting, and much oi the chemical 
voz^ done which, with tho ‘ raw * glaze on the 
ware, would have to be performed at a less 
effective temperature. 

On the other hand* a certain proportion of 
material in the * * state, especially clay, is 

^vantageous for keeping the ^laze suspended 
io water for dipi^ng; hmoe it ts not usual for 
^ Ute ingiedientB^ a glaao to be fritted. 

Fomols ol In ceramic oaloulations 

R is cnslfMnMy to <diemical formula 



BO At.O« 

810„B,0, 

China 

. 1 0*31 

307 

Earthenware 

. 1 ()-20 

i!'80 

Granite 

. 1 0-32 

3-43 


The theoretical acids corresponding to the 
above four formula), expressed as ratios of 
llgO : Si()2, are respectively 1:1*9, 

2:13'1, and 4:7. 'J'hat ih, the four glazes lie 
between tho bisilicato typo (H20,2Si0j) and 
tho polysiiicate (2H20,3Si()j). Soger gives for 
white wareglazoHtho limits 1 Hi),0*iAljO8,2*5SiO* 
and lUO,0'4AlaO3,4-5Si()8. The first is some¬ 
what less acid than a bisilicato, the second rather 
more. A soft, heavily leaded English majolica 
glaze, however, UlO,6*10Al.jOj,l *08(SiO,,BaO.), 
corresponds to 7H2(),HiSi()2, and is but slighuy 
more acid than a moucwili(!ato. 

Lead glazes. 'J'ho number of recipes for 
those is legion, but on calculating them out to 
tho consUtuont oxidos, they reduce to a few 
main typee. They may bo broadljt classified 
as follows :— 

(1) China, earlhetiwarc, granite, ironstone, 
and semi-poredaxn. Contain 12-20 p.c. of 
PbO, occasionally more, usually about Iy p.c. 

(2) Rockingham, jet, fxad rruijolica, 25-fiOp.o. 
of PbO. Rockingham glazes contain MUnOi, 
and jet GoO. Many majolica glazea have from 
25 to 35 p.c. of PbO; tho ‘ soft * varieties 
40-60 p.c. 

(3) TiU glazes. Usually 40-50 p.c. of PbO j 
tho liarder varieties lees ; in tho soner kinds as 
much ae 00 p.c. 

(4) General coloured glazes. Described later; 
Che proportion of PbO in these varies widely. 

Examples showing tho general percentage 
composition are: 





Booking- 


Soft 

Soft 


Oranite 

Ohlna 

ham 

Jet 

maJoUoa 

tUe 

SiO, . 

54-8 

50-8 

360 

34*8 

32*3 

32*6 

PbO . 

12 ft 

17-6 

42T 

56*0 

48*1 

59*1 

A1,0, 

10*1 

9-1 

8*7 

5*2 

6*9 

5*3 

Cab . 

4-8 

6-4 

20 

1*2 

3*8 

0*8 

Na,0 . 

7*5 

3-81 

L 9*il 


/3‘6 

— 

K,0 . 

3-8 

4-8j 


U u 

\2*5 

2*2 

B,0, . 

01 

8*5 

0-7 

— 

3*9 

— 

Mn,0, 

— 

— 

O'l 

— 

— 


CoO . 

— 

— 

— 

2*1 

— 

— 


Other tilings being equal,- the larger the 
1 proportion of lead tho ‘ softer ’ is the gli^, and 
I tho lower the temperature of firing. There is 
I little doubt that for this reason more lead than 
is really necessary is often used. 

I Lead frltts. Lead oxides and carbonate 
I readily dissolved by the acid of the gastric jfidoe* 
giving rise to plumbftm. By suitable frilAing, 

; however, complex silicates containing ieadL 
i alkalis, alumina, and lime can ba obtwhied m 
I such character that, even when finelv powdexe^ 
i dilute acid^attack them very slightly. 

To be of this insoluble character, uie oon^ttl 
silicate must not be more basic, than woflid 
correspond to the metapolysilioio adid HjIKfOii 
(Ohem.Soo.'rtans. 79,803-804). PrelerablvlAqv' 
should be less basic. Moreover, only o limited 
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n ortion of horio oxido ap|x^arH to bo admiHBiblc 
to Bilicati! oontainn a largo ]>orccntago of 
load, and tlio niatorials muat., of oourno, bo 
thoroughly fnnod. Vrovioiin lino grinding and 
good ’mixing aro itnj)(*rtant in wocuring Hiich 
fusion. UndiT tlii'sr ('(iuditnins, Icinl frilUs may 
bo made coriliiining any jnojiortion of load Uf» to 
r)0 p.c. of or ovor, Inii yioliling only a v(‘ry 
Huiall ijnantity i>f load to {-Ik* aotion cjf dilnU; 
aoid'^. 'J’ho otliiT l)a.s(!.s tnay also vary oonsKba'- 
ably in Mioir proportions. r<‘j)lacing ono unotlM*r 
aiui tho load oxide within wide limits, willioul- 
notably alToeting the amount of ‘soluble’ 
load ; 

PbO Al.^O, ( iiO (Na,K).,0 I’lid (lishnlv.ul 
1 . lb*2 l(i :i S’o f)U' 17 per cent 
2. 44 I o h O'i) i» 1 

fSiinplo lead bi'-iheati- I’bSi^l )_r,, cont aining 
thooroticully tio ji e nf IMiD. and in pracl.u-o 
about htt-ti;! p.<“., IS alsf) used, Init is somewhat 
moro al-tae.Ualile by aeids tluin the '(implex 
Hilicatas. Ncnertlicless, llteu' uro sonu! advant- 
ttgoH attending the use of the siniplo hi-siluati*. 
'J’lio proportion of l*b() jii it being very high, 
le.SH of the fntt i.s ie<(uire<] to furnish a given : 
amount of I’hO m the gla/e ; thw h'uvcs ho! 
much tlio iiHire room for (day and otla'r inatenais I 
to be used raw. if desir'd, to facilitate HUsjx'ii- ! 
Sion of the miilerials in llie water of the dijtping ! 
tub. It implies, too, a minimum of alteration! 
in elianging from a raw liaul glaze tti one with . 
fritted lead. Kor exaniph', if tlio 17'») p.c. of: 
PbO in the china glaze, im-ntioned m the iahlo 
above, were sunjilied by haul bisiliciili’. notliing | 
but U‘5 of Sit), w’oiild liav(' to bo taken ' 
from all tlm r^^st of the niateriiils. \Vithi)Ut 
nrewfling tliw iioint unduly -for it sliould not 
bo forgotten that tlie eomplox lead polvsilicates j 
may contain as much ivs 50 p.c. of i’bO, and I 
stiil 1)0 of ‘ innoluble ’ cliaracter -its importance j 
will cosily b<‘ recogiusi'd. Tho blsilicate is; 
cliioriy of value for Ihe rnon^ lieavily leaded j 
glazes, Roekinghani, jet, and inajohea. 'I'lie i 
quantity of ‘Holubh* lead' {c. ywx7) extractihlc ; 
from oomnioreial samplets of th(‘ bjsihcate is' 
from 4 to S p,e. ; henei' majolica glazes contain- I 
ing 3t)-10 n.c. of total IMiO would yield only > 
2-.'5 p.c. of ‘«olul)U‘ lead' if <'oni})<)unded by 
means of tho bi.sihcatc. 

Simple lead polyailicate, Pb.SiaOg. yields 
more soluble load tluin tlie bisilic.atc'; and from 
tlw monosilicate, PIkSiO.,, the whole of th(‘ lead 
is easily dissolved Eyim the conijilex aihcalca, 
if of the monosili<'flte type, H.Sit)^, rt'adily 
yield up a large proportion of their lead to tlie 
action of dilute nydroohloric acid. Lead fritts 
of this (monosilicate) character were almost the 
only form of ‘ fritted lead ’ used in the English 
potteries up to a few years ago, and it is not 
surprising that they gave riae to enacB of lead 
poisoning. 

Complex load polysilToat-cs and \)i.silicatc« 
containing alumina yield less soluble lead than 
the correspoiifling simple load silicates. There 
is evidence to show tnat the alumina renders 
tho silicate more stable—perhaps Ify acting as 
an acidic oxido (Cliem. Soo. Trans. 97, 2286). 

Where fritts contain only small quantities 
of * soluble ’ lead—say up to 3 p.c. or so—one 
treatment of tho ground fritt witrf dilute hydro- 
ohlorio aoid removes nearly sdl this soluble lead, 


which ther^ is reason to l>elievc is usually present 
08 an a<lmixtuL'e of silicate more basic than the 
bulk. On Bulwcquently testing tho residue, 
moro traces of Icatl <arc extracted. 

I’ho various forms of lead fritt are heavy 
glass-like siiliHtancc.s of yellow er^our. They 
should bo of umforiii texture, Allowing no 
fragments of uiifiiscd materials. They have no 
sharp mi'lLing-jKiinls ; wlu'n hojiL^d they soften 
gradually until fused. Vitreous Bilicates, how¬ 
ever, conduct ch'ctncity (l)ocltcr), and the 
rclatnc fiiMhilitics of fritts may l)o compared 
by determining tb(‘ lcni|)cratur«“s at whicn the 
coars(.‘ly jiowdcrcd fnt,(,s soften and blond into 
a. coul.miions mass, such as will allow the 
]>assu';(‘ of the (•['“ctiual current. As thus 
(Icicrmincil, the 'softening-points’ of some 
sim[)lo lead siiicat.es arc as follows: l*b 0 ,Si 02 , 
4K() , l’bt),2Si<),. 570 ; {d>0,3Si0j., 620^ 

Tlie inclusion of born' acid or borax in the 
silicate lowers t lu'sc softcnmg-point? ; lime or 
, ahimma raises them (Ht‘ck, f.bwc, and 8tcg- 
mullor; i;. rcfi'icnce at end of article). 

Effect of fine grinding upon solubility of the 
lead. For a full discussion of this, .-I'rr Manchoster 
Memoirs, vol. 4r» (IHOl), No. 15, or Parliamentary 
Paper (kl. (179 on Lead {'ompounds m Pottery, 
33, The eoneliiRion in that tinenoss of subdivi¬ 
sion iH not absolutely without infiuenco upon 
the (luantity of lead iliHSolvod : but that within 
t he linniH of fineness occurring in actual practice 
the ellect is too small to bo of Hcrious moment. 

Method of determining the < soluble ’ lead* 
The Britisli otlicial method is as follow’s ; I gram 
of the dried glaze ov frith, ground ready for use, 
is HlialviMi eontiuuously for an liour with 100(> 
tini(‘s its weight ot l)'25 p,e, Holution of hydro- 
ehlono acid. After being allowed to settle for 
ail hour, an aliquot jiart is filtered off, silica 
Hoparated !)y evaporation in the UHual 'way, the 
lead precipitated as Niilphide, and finally weighed 

Nulpliate. 

In tlio United Kingdom pottcra who use no 
glaze yielding nmre than 5 p.c. of ‘ soluble 
lead ’ (BhO), (ia thus It-sted, are exempted from 
eorlain restrictions. Furtlior e.xemptions arc 
allowed wliere the glaze uned giv&s not more 
than 2 p.c. of such soluble lead. If the total 
amount of load is not moro than 1 p.e. (calculated 
as PbO), the glaze is classed as ‘leadlesa,’ and 
this carries with it. additional privilegca. 

Percentage composition of some complex 
lead .silicates, with the amounts of PbO dissolved 
from them by 0 25 p.c. 11(3 ;— 


o o <8 o ^ *3 

No. Tm g 5 5 ^-bT i i2|' 

1. Uisilicate .21-8 8'5 3’S 7'4 3’8 54‘4 traces 

2. .441 0-9 3‘4 5-5 — 44‘7 2*1 

3. Polvsilicato 16-2 8’5 9*2 10-3 5*8 497 17 

4. „ . 41-1 21 5-9 7 2 —-iS O 3*0 

5. Monosilicate 37‘9 lO’B 3’7 H'2 —37*6 280» 

0. „ . 70-3 0-5 1-6 l-l 2-6 23*9 70-3 

Fritts similar to Nos. 2 and 4 are the more 

f :enerally useful for oompounding glazes. Those 
ike Nos. 1 and 3, containing less PbO and more 
ISiO.,-have more restrioted a^lication; and 
! Noe. 5 and 6, in so far as soluble lead is in 
question, ore quite inadmissible. 

The proportion of lead-oxido disst^ved from 
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a few frHts containiiu 67-03 p.c. of PbO, and j 
approximating to load bisiiicato in composition, | 
is appended: i 

PbO present, p.c. 57-3 68-6 53-3 63*4 ! 

PbO Sissolvod „ 2 G 4*2 51 7 2 ! 

I 

If those fritt*< arc used to supply the load in ; 
glaze containing 15 p.o. of leatl oxide, the 
amount of solublo lead in such glaze will range 
from 0'7 to 1*7 p.o. 

The German oflii iul method is to heat for 
lialf an hour with a 4 p.e. solution of aoetio aeul. 
Potrik has suggcjatod a much more Htniigcnt 
method {Sj)rech Saal, 19H, 47, 1). It consists 
in digesting 5 grains of Llu‘ linely-groutid sub- 
stance for un liour witii 150 2(K) c c. of 0 33 j).c. 
hydrochloric acid at 37 -40 Sodium acetate 
is then added to promote scUling and to dissol\'c 
load cldondc. 'Flu* residue utter liltration is 
also waslifd with sodium acetate solution. Lead 
is then estimatj^d as sulphate. In a eoinpansou 
of these method.s, a glaze which had u solubility . 
of 0*17 p.c. PhO by the Knglish olli< ial inelUod. 
yielded 0‘25 by tht; German ofiicial tiud.hod, and 
0'5(> by Petrik’s method. 

Lead dissolved from Hnished ware. Lead 
may be extracted l»y acids from t lie glazt^ on the 
lirod artich*, iih, for e.xamjile, bv vinegar or 
fruit acids from eiihnar’v voshiAk. 'J’liere is 
ovideneo to show that, sjieaking broadly, the ! 
more ‘soluble ’ lead there is in tiie glaze ladore j 
firing, the more it is liuhle to be oxtiacAed | 
from the glaze on tlu* finished article. The 
actual quantity, however, is less from the fired 
glaze than from the original, on iK'count both 
of the smaller surface piesented and of the 
chemicial changes resulting from tiie fusion. 

Compounding of glazes. In compounding 
glazes from tlm raw materials regard must Ix^ 
had to Bovoral (iunsiderations boside.s iho formula 
and the analytical composition. Tlio propor¬ 
tion of clay, for instance, intluencos the nlirinking 
of tlie glaze before firing ; too much causos a 
tondoney to flake otT. Again, it may bo that 
sullicient alkali cannot ho introduced as fidspar 
or Btono without adding too much alumina; 
some alkali mn.st then be included as a fritt, 
wliich may also contain tho borax and the lead, 
if these arc constituents of tho glaze. An 
example from actual practice will illustrate 
the comjiounding of a glaze by the u.se, of 
fritte. 

Tho proximate composition of a certain 
glaze used for earthenware and china is given * 
as : «iO, .W-9, PbO 17-0, ALO3 7-7, CaO T’O, 
{Na.Kl.O G'O, and B2O3 10'8 p.c. To obtain all 
the advantages of fritting, two fritts must bo 
mode, one to contain the lead, and the other the 
boric oxide ; for if a single fritt contained Iwth, 
the liigh projKJrtion of boric oxide would render 
the lead too easily soluble in acids, and thus one 
important advantage of fritting would be lost. 
•A load fritt is therefore made by fusing : litharge 
39, flint 21, orthoclase and olisoolose felspara, 
oooh 10 parts: and a borax fritt by fusing : 
borax 160, flint 76, china clay 50, and whiting 
60 parts. The calculated composition of these 
two fritts, allowing for the COj and HjjO 
expelled on heating, is as follows :— 

’ Alnutrom, Lead Compounds In Pottery (Par- 
lUnenUry Paper, C9207, p. 24). 


810, PbO Al,0, CaO Na«0 E,0 B,0, 
Lead fritt 42'3 48'8 6-1 0*G 1*1 21 — 
Borax fritt 43 1 — 8 6 13 1 "llT" 24 2 

(In practice, howovor, a little load is lost by 
volatilisation and by fusion with the walls of 
tho ‘ sagger ’ during fritting. Actual analysis 
of the lead fritt showed 44'1 p.o. of PbO, the 
prop<»rtionH of the other eonslituents being 
correspoiK Imgly i n c reasiHl.) 

'I’o form the glaze, these two fritts are then 
combined with raw mat<Tials. flint, china clay, 
and M’hitmg, in tho yiroportions : load fritt 205, 
borax fritt 2GG. flmt Si. china clay 34, and 
wliitiiig 20 ])arts. The lead frit.t, it may l>e 
noted, wouM iiave llu? same eomyiosition if it 
wen‘ inadii from tlie following ingredients: 
(/oniish stone 25, litharge 4HJ, flint 25^, soda, 
caU-ine<l, 2 parts. This dispimne-s witli tho 
hdHjiars. 

Coloured glazes. So far as the glaze is o-on- 
corried, cffloureii ware is obtained (1) by applying 
tho colouring materials to tho raw or biscuit 
body, which in afterwards glazed with a trana- 
fiarent glaze iiiKlrr’fjhize'’ procews) ; (2) by 

placing tlie colouring materialK on the already 
glazed article, and retiring it {'on-glaze* pro- 
cork); or (3) by embodying the colour in the 
gkize iLsc'lf (' volonrcd-glazv. ' method). 

For the hust-iuiuu?d proeesR, a fritt may bo 
made to contain the (jolouring oxide in eliemical 
combination, and ground up with the other 
rnaterlalH te form tho glaze. Altomativoly, a 
lead fritt or glaze may ho taken as oolourless 
fusible liasia, and colouring oxidew ground up op 
fritted with it. 

'Flic First of those two methods, for example, 
is that adopted by MoKsrn. Villoroy and Boch, 
Dresden. Their coIoutIobb * glaze for oarthon- 
waro has the chemical formula : 

m(),0'33AI,O„3(SiO,,Bi,O,)[S,SiO, 

Its molecular and jierctintage composition are : 

KjO Ka,0 CaO PbO AlgOg BjO, 810, 
Mols. 0-25 0-75 LflO 2-00 1-50 1 50 12*00 

P.c. 1-49 2-94 r>'3! 28-17 9*08 6‘63 46*78 

For convenience of dipping, 15 p.c. of the 
materialH arc left unfritted, the remainder 
being made into a fritt, os follows :— 

Pel- Lith- Pot- 

« spar Chalk arge Sand Borax sherds Kaolin 

Fritted 3-6 5-4 24'7 18-5 16*4 17-6 -7- 

Uttw 30 2-9 — — 0-6 — 8*0 

For coloured glazes, the OaO in tho fritt ia 
replaced by CoO, CuO, NiO, Ac,, or the A1,0, 
by FejOs, MojOj, Or,!),, 0*0,, Ac. These 
coloured fritts are then diluted with the colour- 
lt«B glaze to the desired tints. 

Tho second method is exemplified as follows 
(Salvetat): The matcrialB of a colourless flux, 
namely,^calcium borate, flint, and red lead, are 
mixed in the projfortions of 1:2:4; this 
mixture with 1-4 p.e. of CoO gives blues ; with 
3-14 p.c. CuO, greens; with 2 t 6 p.c. Fe,0,, 
yellows : and so on. All the ingr^ients are 
fritted i& facilitate perfect mixture. An 
English colourless fritt for similar purposes is 
made by fritting: flint 10, china stone 9, red 
lead 30, and Irarax 4 parts : this ia ground sad 
mixed with Various colouring oxides. 

> l^sd Compounds in Pottery, 0d‘ 679, p. 21. 
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tti mn ria arc op^ur glazes» the opacity | 
being due to tin oxide in Huspeneion. In this j 
country, however, the term ‘ enamels ’ (enamel 
colours) i« uIho applied to the oolouni used for 
‘ ou-glar.o ’ iloi’oration. 

\vhil<- (‘natnel may Ix' obtained (Brongniart) 
by fritting calcini! {---mixed oxidee of lead and 
tin), xand. soda, and salt. VariouK jiroporlions 
are used, a general formula being iSiOj 45, 
PbO 30, SnOa 10, and NafU 1) p.c. Coloured 
enamelM nwult from the addition to this of 
3-10 p.c. of colouring oxidoH. Thu.s 0 p.c. of load 
antimonatc, 5 of ('oO. 5 of (!u(), and 4 of MnOg. 
give yellow', hlue, green, and violet reHyx'Ctively. 

Colours. I!nflir-(}laz<‘ coloinx are generally 
oxides or (•hroinatoH, with (lint., whiting, (’ornish 
stone, or fluxes containing hom.x or lead <)u- 
glazc colours are fusibU^ glawHiw. eoiuposed iisually 
of a load borosilieaO^ Ihix with colouring oxi(l(«. 
A common flux {'No. H’) us<'d in thi.s rountry 
consists of flint, bora-\, and red lead in tlic 
proportion of 1:2: 3, but various projiortioas 
are employed. 

Leodless glazes. The salt gla’/.e used for 
atoneuvre has already been mentioned. For 
fiard porcdahi, the gla/.cvs employed are (1) 
‘alkaline’ or felsputhie gla/es, eonsisting of 
silicates of alumina, aikalis, and alkiihne earths, | 
in which the alkalis urefionrlerato over the lime ' 
and magnesia; and (2) ‘ ealeiireous ’ glazes, 
similar to (1), 1ml in whn-h the lime exceeds the 
alkalis. The mati'nals used are pi'gnuitite, with 
an addition of sdiea to mudify tne fusibility, or 
a mixture of fidspar, ijuartz, and kaolin, with 
or without chalk. 

For Koft iXHrclain, i'htna, and airfhenwirc, 
glazes ount.Hunug bone oxidi' are usually cin- 
loyed. One roeipo for sueli glaze is : felspar 
8*7, borax 27*0. whiting 13*.'i, and flint 10*8 p.c. 
This is fritUMi, and mixed with onc-third of its 
weight of*china cluy to form tlu^ glaze. 


with ordinary lead glaze. In the glaze removed 
from a definite area of tho ware by means of 
hydrofluoric acid, the load is determined; the 
I proportion on leadleas-glazcd ware is nsually 
I leas, and often much less, than 0*1 gram PbO 

■ per square decimetre; whereas that on load- 
: glazed table ware ranges from about 3 times to 
! 8 times this quantity, and on hoavily-leaded 

■ ware, sueli os tilos, it may be upwards of 40 
times OA much. 

As regards tho suitability of loadloss glazes 
for pottery, it may be said Diat in all Classes of 
ware a great many articles can be manufactured 
witli leadh«8 glaze, in a very high state of • 
perfection. The cost of production in the 
commonest qualities is loss than with lead 
gla'ze, and in some others is not appreciably 
greater. But in certain of tho best and medium 
clasHOH thoro is an undue proportion of * socondfl, 
that is, ware not of the highest finish, and this 
rai8<« liio cost or lowers tho quality. *11 is not 
cloar, however, that this is duo to anything 
iiilieTont in the use of loadless glaze. For certain 
colours and methods of decoration Icadlcss glazes 
at present cannot replace those made with load. 
On tlui other hand, there is no doubt that a 
groat deal of white and cream-coloured wve for 
domestic, sanitary, and electrical purposes, now 
coatod with lead glaze, could bo glazed without 
the use of lead. 

For a summary of yiresont knowledge and 
exjjeriinents respecting soluble lead in fritts and 
glazes, eee Buck, Bowc, and iStegmiiller, Zlir 
Konntniss der Bloihaltiuon UlsiBuren. und deren 
Blciabgabo an sauro Flussigkeiten (Arbeiteu 
auA dem Kaiscrlluhcn (h«undheitsamte, Band 33, 
Heft 2, 1010). C. S. 

FRUCTOSE Cabbohydratbs. 

FUCHSIA. Tlio chlorides of a- and /fl-dialkyl* 
.safraninos arc met with in cominorco under this 
name (v. Azines). 

FUCHSIN, RUBIN, ROSEIN, MAGENTA {v. 


.\NAI.YTTr.M, COMI’OSITION OK VARIOUS LkAU- 
I.ESS (1I.AZEH. 

Peg- KlUlItsh' 


luatite 

(Sevres) 

Cal¬ 
careous 1 

Minton’s Uwen’ 

. 70*6 

(M-8 

57 T) 

GO-4 

, 17-0 

16'7 

14*7 

12-2 

. 1-3 

10*1 

8-5 

12*1 

. 0'2 

1*5 

0-2 

0*5 

5-0 

0-H 
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4*1 
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10*7 

10*7 

. 



2*6 


SiO, 

Al,Oa 1‘i Fe^ 

CaO 

MgO . 

It : 
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‘ Leadless ’ glazes not infrequently contain 
traoes of loud, arising probably from their 
having been ground in iniUs previously used for 
lead glaze. Occasionally larger quantities are 
found, due to the use of flint glass as an 
ingredient. 

Ware ooated with leadlees glaze tnay, on 
analysis, show traces of lead in the glaze, not only 
from the forgoing causes, but also from having 
been flred in a lead-washed sauer, or in proximity 
to lead-glazed goods. Lead in on^ form or 
another may be volatihsed from the latter, and 
some of the lead vapours are absorbed by tbe 
leadleas glaze. It is not difficult, however, to 
distinguish between such ware and that glazed 

' Bourry, Treatlso on Oerainlo iDduskrlae. 

■ Aiudysad In tbeOovenuaentlAbofalory, London, 


TRIPHBNYL MBTHAKE COLOURESa MATTHBS). 

FUCOSE. Carbohydrates. 

FUCITOL. An alcohol, m.p. 163®- 

154®, obtained by reducing fucoso (^.e.) by 
sodium amalgam. Is the optical antipode of 
rlioileitol. In presence of borax in aqueous solu¬ 
tion it-s rotatory power was -h4*7, and 

when mixed with on equivalent quantity of 
rhodeitol in hot alcoholic solution, it yields 
racemic fucitol (d-, 1-rhodeitol), m.p. 168°-170® 
(Votocok and Potmesil, Ber. 1913, 46, 3653). 

FUCOSOL. This product which Stenhouse 
' obtained by the distiliatiou of certain alga with 
dilute sulphuric acid (Proc. Roy. Soc. 20, 80), 
and whi^ he considered as isomerio with 
furfurol, has been shown by Bieler and ToUens 
(Ber. 1889, 3062) and by Maquenne (Compt. 
rend. 109, 571) to be a mixture of fuHorol and 
mothyl-furfurol derived from penta^yoosss 
: contained in the alga {v. also Mother andToUeos, 
; Ber. 1904, 298). 

FUEL. Tlds term inoludas all oombuiMUa 
: sulstances obtainable in bulk nuiy be 

' burned by means of atmospheric air in such 
1 manner as to render the hMt evedved o y a b lai 
I of being economioaUy applied to d^estso pt 
I industrial purposes. Fun may be divided into 
! (a) solid fu^, iDolading (L) natonl fuda^ ooBr 
sisting of woody tissMS in w wlteiedi 



at an altered form (peat» Ignite, coal) ; (ii.) 
carbonised fuds (charcoal^ ooke); (iti.) com¬ 
pressed fuds (briquettes); (b) litiuid fuda 

(petroleom* benzenes, alcohol) ; {c) gaseous fueh 
including (i ) natural gas ; (ii.) gases product by 
the carbonising uf solid fuels (cool gas, &c.); 
(iii.) gases produced by the partiaJ combustion of 
solid fuels (blast furnace gas, producer gas, 
water gas). All fuels, having been originally 
derived from some form of living matter,-or the 
products of its altoration, are composed of the 
elements C), H, O, N, and S, together with (in the 
ease of solid fuel) a variable amount of mineral 
matt(!r, which constitutcM the incombustible 
asb. 

The economic importance of a fuel depends 
upon ( 1 ) its distribution ; ( 2 ) its cost of produc¬ 
tion, transport, and storage in bulk ; (3) tlie total 
amount of heat obtainable on buniing unit 
weight of [t; and (4) tho ra()idity, cflicieiK y, and 
smokelessnoss of its comoustion with atmo¬ 
spheric air. Of all natural fuels coal ia by far tho 
most important, for despite tho probability that 
there is more combustible matter in the peat 
deposits than in all the known coallields of the ! 
world, and the marked uifonority of coal to petro- | 
leum in respect of calontic value, no oilier fuel | 
combin(« so many oitonomic* advantages as coal. | 

Tbo calorific value, or the Uital amount of i 
heat obtainable by tho rtombustion of a given ' 
fuel, ia expressed by the number of parts by 
weight of water which may be heated through 1 
on the thennometrio scale by tho combustion of 
one part by weight (or, in tho case of gaseous 
fuels, by volume at N.T.P.) of tho fuel under 
oonditions such that the whole of tlic heat of 
oombustiun is transferred without loss to tho 
water, and that the products leave tho systoin 
at atmospheric temperature and pressure. The 
motric unit of heat adopted for technical 
purposes (the K.C.U.) is the quantity of heat 
required to raise 1 kiiog. of water, tlirough 
1®C. in tho neighbourhood of 15"C., whilst the 
British unit (the B.Th.U ) is tho amount of heat 
required to raise 1 Ih. of water through I'^F. in 
the neighbourhood of (>0°F. Thus, 1 K.C.U. 
=.3-9683 B.Th.Us., and 1 B.Th.U. =0-2C2 K.C.U.; 
moreover, in tho case of solid or liquid fuels, a 
calorific value of xK.C.Us. per kilug, is equivalent 
to l’ 8 a:B.Th.Us. per lb. (or,conversely, xB.Th.Us. 
per lb.=s0*6565 arK.C.Us. per kiiog.), whilst, in 
the cose of a gas, xK.O.Us. per ci^bio metre is 
equivalent to 0’11236 arB.Th.Us. per cubic foot 
(or, conversely, xB.Th.Us. per cubic foot 
xK.C.Us. per cubic metre). For purposes 
of calculation, the calorific value of a gas may 
often be expressed more conveniently in 
K.C per gram-muloculc {i.e. 22'38 litree at 
0*^0. and 700 mm.) than in any other form; in 
such a ease, xK.C.Us. per gram-molecule^44*68 
rK.C.U 8 . per cubic metre at 0 ° and 700 mm., or 
5*02 rB.xLUs. per cubic foot at 0° and 700 mm. 

In oases where hydrogen enters into the 
composition of a fuel, it is usual to differentiate 
between its gross and net calorific values, the 
former implying that the products of combustion 
bave all toen cooled down to atmospheric 
teanperatnre (15‘’C.), the latter, that the heat 
liberated by oo^ensatiem of the steam pro- 
one^ on oombiislioii and by the subsequent 
of the water to 15^ has not been moluded. 
iba diflerenee between grass and net valnee will 


always be 11*196 E.G.Us. per gram>m6l6ehks of 
steam produced on combustion («d22 K.0.U8. 
per kiiog., or U19‘6 B.TKUs. per lb.). 

The determination of the calorific value of a 
solid or liquid fuel may be best carried out by 
burning a known weight of it in oompreesed 
oxygen in sorno form uf bomb calorimeter, that 
known ns tho Bcrtliclot-Mahler apparatus being 
well adapted for this purpt)se. In tho hands <n 
an oxporionced worker, tho method is a very 
accurate one, provided that ail' the proper 
‘ coritMitions ’ {e.y. for ‘ cociling ’ and for the 
formation of nitric- acid) arc determined and 
applied; it must Iki remembered, however, 
that iho method gives the heat of combustion 
under ‘ constant volume ’ and not under ‘ con- 
siani pressure ' conditions, and in tho calculation 
of the latter from the experimental results a 
prop<-r ‘ cojTcction ’ must bo applied. In tho 
ease of coals, the c!om bustion of which is attended 
by very little change in chemical volume (e.g. 

1 Ib. of it coal containing U=80‘0, H=5’6, 
Swsl'O, N —!•'», O—fiO, and ash ==7‘0 p.o. 
roquiros I3r>’2 cubic foot of air, and yields 130*8 
cubic foot of gaseous product at 0'^ and 700 mm.), 
tho dificronce between tho heats of combustion 
under ‘ constoJit volume ’ and ‘ constant pres¬ 
sure ’ is negligible m practice, but not so in the 
case of a hydrocarbon such as heptane 

10 , = 7 ( 108 + 81120 . ' 

The calorific value of a gas is usually deter** 
mined by burning a measured volume of it 
ivt atinuspheriu pressure in a chamber sur* 
round(‘d uy a system of coils or the like, 
through which a flow of water at a constant 
' head ’ is maintained. By suitable reg^ulation 
of the presHuro and flow uf tho gas and water 
supplies rospoctivolv, the gas may be completely • 
burnt and the heat developed transfeired 
substantially without loss to tho water) the pro¬ 
ducts leaving the apparatus at a temperature 
only slightly above that of tho atmosphere. 
Several forms of this apparatus are in use, the 
must satiRfactory being those designed by 
Junkers and C. V. Boys respectively. Witn 
Buitablo modification (e.g. the provision of a 
diflorontial Uiormojunction arrangement for 
registering the rise in temperature of the ^ter 
on a moving chart), tho method can be made a 
‘ recording ’ one. 

The heat of combustion of amorphoiw carbon 
is 8080 K.C.Us. per kiiog. when comple&ly 
burnt to the dioxide, and 2417 when bi^t to 
the monoxide; the values for the prinoip^ 
single gases (taken from Julius Thomsen’s 
researches) are as follows :— 


E.C.Vs.per B.Th.U8.]meab,ft. 
gram molecule at 0” and 760 aul. 


Gross Net (Jtosa Het 

Hydrogen . 68*4 67*2 343*3 287’2 

Methane . . 21f‘0 189*6 1004-0 061*3 

Ethane . . 370*5 330*9 1860*0 1691*0 

Ethylene . 333*3 310*9 1678*0 166l« 

Propylene . 492*7 459*1 2474H) 28(0*0 

Acetylene* . 310*0 298*8 1506*0 16000 

Oar^n monoxide 08*0 841*4 

Cyuiogen 269*6 1808 

The gros\ values for single liqnid fuels, hi 
ILC.Us. per kiiog. are n-hexapec» ir,620t beftsens 
=310,260, tolaeiie== 10,390, methyl aIoohol«60M, 
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ethyl alcohol—7400. According to Julius Thom- 
Bon, an incroaHO of in ascending an homo* 
logons snriw of hydrocarhons or alcohols corre- 
Bponcla to a constant incroasri of IflS'D K.C.Us. 
in tlio gross vuIih^ of tins jnoleoular heat of 
(combustion. 

It is not jK)HKibI<c to culculato the calorific 
Valia'S of compound fuels hucB as coal or 
jictrolciim from their ('Iciiiunt/iry analyses, since 
tlie JicttL of comhustioii of a conijioiiiul is novor 
equal to the sum of those of its iclenicnts taken 
proportionately. In tho case of liituniinoiis coals 
ciiipirical fonmila', siieli as: 

I :u,4(ii)(jr- i(>) I ;»:ir>()si 

K.C.Us. p('r kilog., wIh'I'c 11, (J, and S^jicr- 
(lentage of caibon, liydrogtm, oxygen, and 
sulphur, have been pro|ioMed for tins piu'pOHc ; 
but they cannot lx; considc'rcd as more tlian 
approximately eorna I.. There js oiten a fairly 
ek)sc agri'ement. between (lie results ealeulated 
by inoatiH t)i this foiniiila und tliosi' actually 
found by tho bomb ealorinu'tdr in eascH where 
tho oxygen content- of the coal does not oxceod 
about 7'5 i).c. In coals witli a liigh oxygon 
couUmt, liowover, tlunx^ is usually u marked 
disagrooment. On the other liaiui. sineo the 
properties of a gaspoiis mixture are additive 
in respect of its eonstitnonts, the iieals of com* 
bustion of gaseous fuels o1 which the composition 
hfw been accurati'ly di'icrmincd by analysis 
(and this a]i}ilieH more particularly to sucli 
oasee tw wati'r gas or jiroilueer giw, the com- 
buHtible i-onstitiients of wliieh are liydrogon, 
oarbon monoxide, and inethano only)'may bu 
ooloulatod fn>m thosi' of llioir constituentB. 
In tho ca«o of coal gas. where the composition 
of the lieavy hydroearbmis ulworbublo by 
bromine is always uneertain, this rule is not 
Htriotly upjilicable, although nunibcra calc-ulated 
on tho assumption that tho heavy liydi-ocarbona 
have an average eulorilic value equal to that 
of propylene generally not widely 

different from tlioso determined by tho 
calorimeter, 

Tho so-callod ‘ ealorilie iiibonsity ’ of a fuel 
is an unacientdic t(uni, inasmuch as the highost 
temjioratxiro which a ])artieular fuel ia capablo 
of producing depi'nds entirely upon eircum- 
stanoes whiedi are, to some extent, indefinable, 
and difficult of control. The notion tliat the 
calorific intonsity of a fuel may bo deduced by 
dividing its ealorilie power by the moan ajieeilic 
heat of its products, is misleading, inaamiich as 
(1) tho Hpecilio licats of gosew, and especially of 
Bt^m and carbon dioxide, incroa.se witii tomjicra- 
ture, and at high temporaturoa are as yet not 
accurately known ; (2) part of tho potential 
« energy of a fuel is directly radiated away during 
comDuation,.and doexs not appear os sensible 
heat in the products ; and (3) combustion is 
ordinarily not suflieiontly instontarfeous to 
warrant, tho assumption above referred to. 
Tho measuTomoot of furnace tomperaturos and 
the like is, however, of groat practical import¬ 
ance, and many instruments havo bo\:Q designed 
for this purpose {see Pyromktby). Those depend 
upon (1) tho variation.^ with temperature in the 
pressuTo (at constant volume) or volume (at 
constant preasure) of a gas whkxh does not 
apprtfbiably deviate from Boyle’s law (air 
thermometer); (2) tho production of thermo¬ 


electric currents (thermojnnotion methods); (3) 
the increase in the electrical resistance of_ a 
platinum wire with temperature (resistmibe 
methods); and (4) tho variation with tempera¬ 
ture of the radiation omitted by an incandescent 
solid as defined by Stefan’s Jaw {radiaiion 
pyrorac/r//). Methods (1) to (3) inclusive, 
wiiilst capable of great accuracy, are practically 
UHoful U]j lo temperaturoH of 1000'’-1200'' only; 
tlmy ('an be made ‘recording,’ liowever, and 
are invaluable for recording ilia temperatures of 
hot gase.s ])asfiiiig into furnaces from ‘regenera¬ 
tive ’ systems (hot-blost stoves, melting-fumaco 
rcgcncrakirs) or of hot })roduct« passing into 
chimneys. Method (4), whilst of relative sig- 
nilicanci? only, is invaluable for t-emperatures 
liiLdicr than lOOO''; as a modification of metliod 
(4) may be iiiantioncd various forms of optical 
piiwmclrrs, in whieli th(' light omitted by an 
incandcxcent surface is compared with that from 
a Htandai'fl source (c (j. an amyl acetate flame). 

A. SoLin Fuki.s. 

1. }iataral Fuels. 

All natural fuels of this class have originated 
in oelliilwe w(C«ir,oU{i), which, in fact.constitutos 
about Ori p.c. of dry woody tissue. The gradual 
transformation of vegetable d^.bru into coal has 
proeceded during nearly all geological epochs. 
All the important eoal-fiidds adjacent to tho 
N. Atlantic •and Arctic areas (which include 
nearly all those of N.-W. Europe and the E. 

f iart of N. America) originated in tho Carboni- 
crouH Period of t he Primary Era. 'riie ‘ Indian 
Ocean* group of coal-fields (which include those 
of Uhina, India, Australia, and R. Africa)* 
originated in tho somewhat later Permo-Carboni- 
forous Period. Mesozoic coals are found in the 
interiors of N. America and Asia (intra-con¬ 
tinental group); whilst Tertiary coals are 
chiefly fiiund in the Pacific borderland (W. of 
N. Anicrica, Japan, and Now Zealand), as well 
OH in regions bordering on the Gulf of Mexico 
and the Moditerranoan. The vegetable forms 
which flourished in tho Uarboniferous Period 
were of simpler structure, hut of much greater 
size, than tnose which ar<‘ predominant to-day 
(gigantic ferns, club mosses, horsetails, and 
forms intermediate between ferns and cycods), 
and it is demonstrable that in certain cases 
(c.( 7 . tlio Mpisa scam near Lougliborough in 
Leicestershire) entire beds of coal have been 
formed from tho spores of such plants. 

At one time it was generally believed that 
coal formation had taken place upon the actual 
site of growth, the requisite conditions being 
dense forests in swampy ar<?aa, togethqr with 
oscillations of level, the coal-measures produced 
during a period of subsidence being overlaid by 
beds of water-deposited clay or sandstone, 
which, on ro-clevation, formed the soil for 
renewed forest growth. Hence cool is found 
in strata of undoubted estuarine or lacustrine 
origin (Carboniferous, Jurassic, Cretaceous); the 
common occurrence of ' under-clays ’ in the 
coal-measures is cited in support of this hy^ 
thesis, which probably is true for some BnMi 
coal-fields. It has been contended by some 
geologists that in many cases the fewiuoTBtt- 
tion of vegetable d4hrw into ooal has tataai 
place not upon the aifte m growth, hot affc^T; 
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tnuis^rtation by river currents and depoeition 
in ddtas ; it has also been suggested that ^ 
oertun co^-seams are of marine origiit 

Tbore has also been much speculation and 
diversity of opinion os to the nature of the 
transformation process, and the factors operative 
therein; it is usually supposed that its earlier 
staces wore characterised by slow oxidation 
unaor water »)r other covenii;? sunicient t«) 
protect the decayed wood from direct atmo¬ 
spheric action, and that supervening upon this 
were changes gradually brought about by ^ 
increasing pressure and toinjierature os the 
deposits were overlaid and ‘ blanketed ’ by 
accumulating newer .s/mfn. TJic liniil transition | 
from a bituminouH coal to anthra<*ite'—if such, i 
indeed, has taken placo-niay be attributed (i.) ' 
to intenso earth jjressurc accoinpamed by 
seismic disturbance; or (n,) to the lat-iT intrusion 
of igneous matter from below. It should, 
however, be staled that m some instnnces at 
least there are grounds fur hcij(‘ving that 
anthracite has been formed fnmi vegetable 
matUu’ of a kind distinct from that concerned 
in tlip formation of bituminous coal, without 
nocoBsarily jiassing through tho mtermeduiLe 
‘ bituminous ’ stage (ciV/f: section of this article 
on Kritibii hVlds (!) Soxf/t Hri/r.s, p. 202). 
M. Renault, from an extenMive study of jieat 
formation, iiiis advanced the hypotiieHis that 
the chief agents in the early stages of the 
transformation pi'oeess have liAm (“ertain 
aerobic fungi, iinii anaurohic baetciiul ferments, 
tbo relative activities of which would dejiend 
upon tho varying water-level in tlio bog and 
the formation of ulmic acid. Jle represents the 
tfansition from cellulose into bituminous coal 
by tho equation ; 

4C,K,o06---(^8*'loO-h70H,H-8t'02 ^ 

would contain C —b3'l, H—4’0, 0 
«12'3 p.c., which approximates to the composi¬ 
tion of many bituminous coals.) J^ut whatever 
may have b(*en the nature of tlie proeiwis, it is 
generally agreed that the existing coal-measures 
represent some 20-25 j) c. only of tho weight of 
tho original cellulose, and has than half of its 
heating value; in a few eases, where the 
original vegtdablo c/r.bris has undergone local 
‘ petrifaction,’ it has lieen established that tho 
shrinkage in bulk during transformation into 
coal has been of the order 11 : 1 approximaUdy. 
Tho composition and calorific values* of the dry 
ashloss cellulose and intermediate products up 
to coal itself is shown in tho following tabic :— 
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Wood when dry cooi^ists of about 05 p.c. of 
coUulose and 4 p.c. sap, associated with a small 
amount of mineral ash (chiefly CaCOj and 
' ^COb). Recently felled timber contains a 
proportion of water which ‘ air-drying ’ 
ndttoee to about 20 p.c. An ^air-dried ’ wood 
9 olaned u ‘ hard ’ or ‘ soft ’ according as its 
•Mr* exceeds or ftUa below 0*66; *hard’ 

4 ';.' ' ‘ t 


woods are Iosb inflammable tlian ' soft ’ varieftiea. 
As a fuel wood is verv combustible^ and bums 
with a great amount of flame ; it is woU adapted 
for domestic Bros and tho firing of tabular 
boilers, itn low content of infusible ash making 
it a clean fuel without a vestige of ‘ clinkering" 
propertit^H. Owing to its Urge content of 
IiygroKcopii' water, it is quite unsuitable for the 
attainment of high ti'inperatunw, unless it first 
be carlMunsad (charcoal), or bo gasified in w 
producer. On diHtillation in closed retorts or 
chamborH it yields, under favourable conditions, 
20-25 p.c. of charcoal, 0 13 n.c. of Uir, 40-45 p.o. 
of crude ' pyndigneous acid ’ (corrosponding to 
2-4 ji.c. aiihyd. acetic acid), and 22-32 p.c. of 
inflammable gases. 'I'hc ( hicf timbcr-jiroducing 
counlrn^ are llioae which before the war 
comprised tho UusHian Kinjiire with 020 million 
acres oi forests {575 m Jiuroj)o and 360 
in Asia), (’anada with HOO million acres (of 
which probably less than half represents tinier 
of commercial value), tho United Hiatts, Norway, 
and Hwcdi'ti with 70 million aens, and Germany 
with 35 imU-Kin m’lxs. Russia was, however, tho 
only Kuropean country which before tho war 
prodiieed nioro timber than it required, ft is 
as yet too tfoon to estimate tho effeelH of tho 
war upon timb(T supiilicH. 'J’he rapid dc- 
iiiolitKui of the world’s reserves is becoming a 
serious eoononuc problem, and it if improb^de 
that wood will ever again take important rank 
os a fuel. 

fn uountnes where wood, peat, or coal is 
scarce, vegetable refuse (cotton stalks, brush¬ 
wood, straw, &c.) iM used us fuel for tubular 
boilers ; as a rule it has between 70 and 80 p.o, 
of th(> heating value of dry wood. 

Peat is a widely distributed and abundant 
fuel of great future jiotentiality, it being 
estimated that the amount of combuatiblo 
matter in the world’s peat deposits cxccoda that 
in all tlio known coal-fields. It is principally 
found in high latitude.s ; ono-soventh of tho 
area of Ireland is covered with peat, whilst in 
Great Bntaiij there are about (? nsillion acres 
coverrd to an averagi' depth of about 12 feet. 

I Kxti'iiHive dcj)oHit« occur in Kussia, whoro peat 
1 is an iinjiortant metallurgical fuel, in Scandi- 
i navia, N. Germany, Bavaria, Austria, Italy, and 
j N. France, to mention European countries only. 

; Also eonaidcrable attention has recently bera 
i pai<l to peat depoBitH in Uanada (vi'd^ Keporte 
i by A. V. Anrep and B. F. Haaiiel of the Canadian 
i Department of Minoft, 1012-1914). Fcatdeposihs 
vary considerably in age, tho oldest having a 
! (lark-brown or black colour, with but merest 
traces of its original organic structure, whilst 
the reccQt varieties aro light-brown in colour, 

I of spongy texture, with distinct vegetable 
' structura; unlike wood, it contains a foiriv 
' large and variable proportion of mineral aali 
‘ (5 15' p.^. os a rulb) of (usually) infuaiblfe 
character. The composition of the ask varioi 
; considerably; sulphate and carbonates of lime 
I and magnesia, ferric oxide, and silica being 
; OHually thownost prominent constituents. The 
! difficulty in the way of utilising the potential 
; energy of peat for eitonomic ends lies in the fa^ 
I that even a well-drained peat-bog contains 
\ 8^>-00 p.c. of water, for the evaporation of which 
I more energy would be required than is reprs- 
! sented by the whole fuel- value of the 
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(JonsaquAQtiy* ‘ air-dryiug ’ has hitherto been 1 The Fuel Reflearch Board ieeued, in 1920f a 
nnitTAniRlly rwortod to, but as this can only be | report upon the ** Peat Hesouroes of Ireland ” 
carried out during the summer months, and , (Special Reports No. 2), and more recently a 
must obviously depend upon climatic conditions, farther report on “ The Carbonisation of Peat 
it cannot be considon^d seriously as a means of in Vortical Gas Retorts ” (TechuJcal Paper No. 
preparing largo quantities of peat for the 4), to which the reader is referred, 
market. Moittovor, ‘ air-dried ' j)eat still con- Peat containing as much as up to 60 p.c. 
lainsfrom 15 to25 p.c. of watcr„itH (^alorilic valiHi moisture luis been succcjssfully gasified on a 
(which varicH between 22!15 and 4307. with largo srale in gas producers under ammonia 
an average of about 30<X» K.GUs. per kilog.} recovery conditions {vulc. I’KOntJOER OA 8 ); the 
is usually coiiHideiably Ickh than halt that of a following roHults liavo birn obtained on Mond 
bituminous coal, whilst bulk for bulk its heating plants :— 


power prolmbly doe.s not (jxceod ono-eiglith 
that or coal. Dry ‘/ishh'ss ’ peat eontuiiw 
(J=50-04. H--4-7 (Vk, ():^2K-44, and 
2*5 p.c., its tul. valuo=52()0 K.C.Us. per kilog., 
and its sulphur content is low. 

As recently as 1005 tlie Royal ('omnnHsion 
on (kial 8 nppli( 5 s n-porlod that ‘ in order to makt 
the manufacture of pmt fiitl a aufer,s,« tu this 
country, it is ncccssarti that fnnne proccjis should he 
dUcoverni by which tin moostare can he yot rid 


Origin of peat Ocrniun Italian flngllsh 

Per cioit. moisture . 40-00 45 67*5 

,, nitrogen . I'O 1*58 2*3 

Yield of gu 3 in cub. ft. 
at 0" and 7(50 mm. 

per ton dry peat 85,000 00,000 90,0(X) 
Gro.ss cal. value of gas 
Ji.Th.Us. per cub. ft. 

at O'” and 700 mm,. 150 100 134- 


of without air-drytng,'' and at a cost -which The riclmesH of the ga.s depends upon the 
toould not he prohhilivf; at preseni there is no moisture in the peat; where tlie moisture is not 
such 'process.' lii 1000, hnwi'viT, ihi^ late l>r. excessive, the gas may contain ns much aHi35-40 
M. Ekonberg preparerl a proei'ss of ‘ jcc/ fir/- yi.c;. of eombuatible constituontfl, c.y. 9*800, 
ftfmiWtori ’ as a Tiraetical aojiition of the problem 23*2115, 4'HCH4, ''’if*' 20 * 3 ( 104 . It seems 

(Jour, iron ami Steel Instilute, 1909, i. 313). probable iiiat a ton of dry peat is capable of 
This process was based upon tl»(‘ supposition yielding u]) to 90,000 cub. ft. of gas •of an 
that ‘ poat*substaiice ’ eoiiHisls of vi’getabli* average gross calorific value of 140 B.Th.XJs. 
dibris, tlu^ cells of which eoiiiaui and are per cub. ft^ I’art of this would be required to 
surrounded by a sliiii\ ' hydroeillulose,' formed fire llie boilers and to work the ammonia 
by prolonged contact of the original cellulose recovery plant, the remainder being available 
with water. It was furtlier sujiposed that for lieating or pow’cr jiurjioses outside the 
although this constituent is pn^sent to tlu' nlant. In addition to ammonium sulphate, 
extent of U*2-I*2 pc only, it is in the form of it should bo possible to recover other by-pro* 
an onorniously swolh-n jelly of tlie consistency ducts (tar, acetate of soda, or lime, acetone, 
of sufl-soap, oontaimng as much us 25 tinu>s its w^ood spirit). 

own weight of water, wliich latter cannot be j With ivgard to power production from 
cji(>ullcd bt^ inechanical jin'ssure unless tlie j peat (n'a gas producers and internal combustion 
BupnoHod ‘liydrncellulose ' has lu'en ]lre^’ious]y ] engines) te«ts made at tlie Find Testing Station 
hyifrolyBod, It. is clainK'tl that this can,! ut Ottawa by tlio Canadian Department of 
however, lie rnjndly oeconijdished by water, Mines in lOltMOll slmwed that the consump* 
at 150“*-200'‘’, forming the soluble de.xtryse, : tiun of fu(d jier liorse-power hour (including 
and peat pulp so hydrolysed readily j>arts with aland-by losaos) is for fuel load. 1*7 lb., and for 
its water under hydraulic prewsuie. Tlie three-quarter load, 2*1 ll)«i. of dry neat. 

Kkonbeiv jirocess (as originallv |»roposed) con- Lignite and Browo Coals. Unclor this general 
Mists in forcing a |«'at ])ulp containing 12i p.c. term arc incliuh'd cooIb (intermediate between 
of peat Hulwtanci' aiul 87^ p.c. of water at peal an<l bituminous coal) of Cretaceous or 
220-3(K) lbs. per sq. in. pre.ssuro through a Tertiary age. 'I’hev are widely distributed, 
eeries of tubea heated exh'mally to about 200°, ( 1 ) in what may be termed the ‘Pacific Border- 
the operation Indiig combinoii witii a system of lands ’ (N.W. hmonca. Japan, Australia. New 
heat recuperation, whereby the outgoing liot Zealand, and the E. Indies); (2) in regiims 
‘oafbonised ’ peat imparts beat to the incoming adjacent to, or in continuation with, the Gull 
cold pulp. The ‘ carbonised ’ pulp is dehydrated of Mexico; and (3) in regions north of the 
by mechanical prcasuix’, and the dehydrated Mediterranean, including the Central European 
fuel is subsequently briquetted. The proeass Plain. Cretaceous coals of the lignite claas occur 
has not, however, odvanml beyond an experi- over a large area between lats, 49° and 43® N. 
mental stage, whilst doubts have been expressed and long. 1CH)°-107° W. (the states of N. 
as to the validity of the ‘ hydrocellulose ’ Dakota, Montana, and Wyoming) in N. Amerioa. 
supposition on which it is based. Meanwhile, Lignites occur also in Canada (Manitoba, Alberta, 
attempts have been made, with some measure and Saskatchewan); whilst there are enonnoos 
of BUOOOS 6 , to expel the greater part of the water depi^sits of brown coal in Australia (Victorial 
contained in raw peat by a process of mechanical of great jK)tential value. Indeed the total 
proesure oombined witli a decree of heat thicknesH of the Gippsl^d deposits at MorweH 
materially below that proposed Ekenberg (Victoria) amounts to about 780 ft of coal 
It seems "possible that a pressed cake containing within 1000 ft. of the surface; and it is 
only 50 p.o. of watex can be so prrjduoed, corro- anticipated that befiTre long not only will tlte 
sponding to the expulsion of nearly 90 p.c. C^ty of Melbourne derive the whole of its 
cA the water origins^ preeefit ift the raw peat, electric pojwer 4rotn them, bnt also that the 
and that a section oi the peat fuel proWm | ViotoriM State fiadways wlB be woihodelMtti' 
may ultimate^ be found in Mtt direotion. * colly from them. CSaasmeaiMmdii^steiacteK^ 
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ofauMteCB and geoiogloal age, Ugnitea are usuall v | 
divided into (1) woody or fibrotu brown ooal, 
wHb a distinct ligneous straoture ; (2) earthy ^ 
lignite devoid of organic structure and easily 
powdered ; (3) common brown coal, with a 
slatey cleavage and dark-brown colour, e.g. 
Bovey ooal; and (4) bituminous lignite, pitch 
black in colour, and having a conchoidal fracture. 
Up to the outbreak of the war lignites were, 
relatively speaking, of little ^economic import¬ 
ance except in Germany and Austria-Hungary, 
where (in 1913) 87*1 and 27'4 million tons 
reepectively wore raised for homo consumption. 
The war Iras, however, greatly enhanced the 
importance of lignites, both as fuels and as 
the raw materials for tho manufacture of motor 
spirit, fuel oils, waxes, &-c., by low temperature 
ojstillation procossos, the carbonaceous residue 
from which may be bri(|U(^Ltx)d aftxjr admixture 
with a pitch ‘ binder.’ Froaiily-niinod lignites 
may contain up to 50 p.c. of water, which, on 
air-drying, is usually reduced to between 10 and 
20 p.c. : many varioticjs, when complotely dried, 
crumble to powder, which, however, may be 
i^aia consolidated into a servicaablo block fuel 
by pressure. Tho ash contemt usually varies 
between 0 and 15 p.c., but may run oonsi'lerably 
higher. Tho oomposition of the dry ' ushloHs ’ 
fuel varies between tho following liniilH: (’ = 
lK)-76, H«5, 0 = 10-34, N=l)-5-l*5 p.c., and 
it has a calorific value of 0000-700^ K.O.Us. per 
kilog. Lignite burns with a very long smoky 
dame, and is generally nun-caking {t.c. it does 
not yield a coherent coke); it is largely used in 
Qormany and Austria for firing builers, and for 
the heating of evaporating ]>aii.s, tlie better 
qualities being sometimes used fur metallurgical 
purposes. Like peat, it may bo gasified in ; 
producers. W. A. Hone has dosoribed a heat 
treatment of dry lignites and brown coals 
at temperatures below 400 ' 0. whereby a 
oonsidemble condensation in their cellulosic 
or humic constituents may be effected, wdh 
gimultaueous elimination of and COg, but 
without any expulsion of cither H or hydro- 
carboDB, which may l>e employed to enhance 
their fuel values (Froc. Hoyal Soc. 1921, A. 99. 
p. 236). 

Bitusdlnoqs coal. This term is applied to a 
whole series of ' flaming ’ coals of Primary or 
Mesozoic origin, and it includes all tho eoonomi- 
eally important coals except anthracites. More 
than 90 p.o. of tho world’s total output of 
1250 million tons of coal in 1913 (including 
anthracites, but excluding lignites) was duo to 
six countries (United States 562*6, Great 
Britan 287*4, Germany 191*5, Franco 40*1, 
Russia 28*8, and Belgium 22*8 million tons 
respectively). Taking a series of nine quin¬ 
quennial averages over the period 1870-1914 
inclusive, the output of coal in Groat Britain 
has inoreosed from 121*5 to 268*2 million tons 
per annum, whilst the axmual consumption per 
head of population has Hneroased from 3*5 to 
4*3 tons. It is estivated that the available 
•Implies within 4000 feot of the surface in Great 
Britain amount to about 680 times her output 
in 1913. 

In 1920 only 229*3 million tons of coal were 
taised in Great Britain, at an average pithead 
2rtol84». l|d.perton, or sdmost exactly lour 
the oorrsapen&ig pre-war figure. The 


amount of ooal raised per person sm^oydd 
at British minaa had from 259 tool per 
annum in 1913 to only 190 tons per annum 
in 1920. 

Acoording to the Report upon the World's 
Goal Resources issued by the Intemationsl 
Geological Congress in 1913, the total poerible 
and probable reserves of coal of all kinds 
(anthraoite, bituminous, and lignites) within 
6000 foci of the suiface amount to about 6000 
times the present total annual consumpti<m. 
Of these reserves, 6*75 p.o. are anthrooites 
(jnainly in China), 52‘75 p.o. are bituminous 
coal, and 40*5 p.c. aix; sub-bitummous (lignites 
and Tertiary brown coals). 51*8 p.c. occur in 
tho United States, i(j*4 p.c. in Canada, 13*5 
p.c. m ('hina, 5*7 p.c. in the then German Kmpire, 

2 () p.c. in (ireat Britain, 2*3 p.c. in Siberia, 
utul 2*2 ji.c. in Australia. South America and 
Afnca are relatively devoid of coal-fields. 

For eonuiiercial purposes, bituminous ooals 
are clasHitiod according to their suitability, or 
otherwise, for certain siieciiic eoonomio ends, 
e.y. Hteain mising, furnace tiring, gftfl making, 
manufactun^ of diuisc metallurgies ooko, and 
the like. Tho usofulnoss of any given cool for 
a particular purpose deiicnda principally upon 
(1) its content of ‘ volatiles ’ expelled at 900®- 
10 (KF, which largely determines the length and 
ciiaraeter of tho flame omitted dftiog vigorous 
combustion; and (2) tho character of the 
carbonaceous residue after the ‘ volatiles ' bare 
bceu cx|)olled at high temperature, which 
doubtless in part depends upon the nature and 
mode of decomposition of a certain ' cementing ’ 
constituent of the coal, and partly also upon 
the character (fusibility) of tho mineral ash asso¬ 
ciated with it. For economic purposes, Percy 
proposed to class bituminous ooals as (1) non- 
cakmg, free burning, rich in 0 (2) ei^ng; 

and (3) non-caking, rich in C. Several classifloa- 
tiona have been proposed based upon the 
ultimate composition pf the dry and asbloss 
coals. One of the most useful is that generally 
attributed to the French metallurgist Griiner, 
but in reality due originally to Rognault. In 
a modernised form it is as the table on p. 256* 
Some authdriiioH regard the Regnault-Grfiaer 
< classification as defective, in that it is based 
chiefly on the ‘ oxygon ’ content of the ooal, 
which bears all the analytical errors, and also in 
that it underrates the importance of hydr<^n. 
U. A. Seylcr, as the nwult of a special study of 
the coals of South Wales, has proposed a chemical 
classification based upon the peroontagos of 
carbon and hydrogen in the pure coal aubstanoe, 
and dependent on (1) tho hydrogen content, 
and (2) the C/H ratio, as follows : — 


(ienua 

• « 

1. Anthraoitio . 

2. Carbonaceous 

3. Bemi-bituminous 

4. Bitumiflous . 

5. Ferbitiiminoufl 


P.c. H 


BaUoC/H 


i* under 4*0 ! 
i 4*0-4*6 ' 
I 4*5-5*0 
! 5*(M>'8 
1 over 5'8 


over 22‘0 
20-8-28S6 

le-ft-ao-A 

14-6-188 

12-9-14-7 


1 The U.a Gtoologioel Survey, iadependentbr of 
^ Seyler’eTOik, hove eleo adopted the C/H nwO M 
the bwtsToilable baeiBioi tiuptupow Aarimmo 
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( The ItfiONAULT-ORTNEK Cl^SSIFICATION OP COALfi (AS REVISKD BY THE AuTHOE). 
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P.c. 

p.c. 

Character of 





volatilCK 

tlxed 

carbonaceous 


C 

U 

0 + N+S 

at 

000" C. 

carbou 

residue 


j ()0 

about 

20 

above 

lielow 


— 

to 
; 76 

6-0 

to 

35 

46 

66 

Noii-cohcrcnt 

- 


4-6 

16 

40 

66 


Ilcvcrlicratory 

to 

to 

to 

to 

to 

Non-coherent 

funmccH 

: BO 

5 *5 

20 

46 

(>0 



: HO 


10 

32 

(iO 

V’eiy porous 
coke 

Gas-inaking 

to 
' 86 

6*0 

to 

J6 

to 

4(1 

to 

•(i8 


HJ 

6 

6-6 

2 (i 

08 


okciiiaiiufactun 

to 

to 

to 

to 

to 

Dense coke 


89 

5-0 

11'0 

32 

74 


okc iiiaiiufacturt 

88 

4 6 

6 *6 

18 

74 


ami 

to 

to 

to 

to 

to 

Very dense coke 

iStcam raising 

90 

6 6 

0 6 

20 

82 


90 

40 

to 

4*0 

16 

80 

Weakly caking ! 

Steam luising 

to 

lo 

lo 

to 

1)2 

4T, 

6 '6 

20 

86 

ornon-uolicrcnt; 





S 

86 


Steam raising 




to 

to 

! 

92 

3 0 

2’0 


92 



to 

to 

to 


— 

Bulverulcnt j 

Dome.slu’ and 

94 

4*0 

4-5 

below 

al)ove 

1 

entral heating; 
malting kilns 




8 

92 



11] Anthra¬ 
citic: 

non ( liking 
12J Anthra- 

CltCH 

non-uaking 


All tlio numerical data in ilie above table refer to tlio dry ashless coal, 

volatiles 


olaasificatiou. It is, liuwevcr, elonr that, pending 
a much fuller knowledge' tlian we now jiossees 
rospocting the proximate const it uents of coal, 
neither of tlio above classifications can be 
considered satisfactory in any final senses 

Jn the selection of a coal for any particular 
|)Urpc)so, the following points should be homo 
in mind; (1) the best ‘ j/a-v ccxi?#’ are tliose in 
whiohthe ratio (): H is approximately 2:0; tliey 
yield from 30 to 3S p.c. ‘ volatiles ’ (reekonc'd 
on the dry a**}ile«a coal), and a fairly porous coke 
of no great ativngth; (2) tlio best ‘ cokivg 
coala ' usually yield between 20 and 30 p.c. of 
‘ volatilce,’ and are strongly caking ; the best 
* sitam roah ' yield lees than 20 p.c. of volatiles, 
wo, as a rule, non-caking ana smokelesH, or 
nearly so in Uieir combustion; (4) for ‘ gan- 
producer ' purposes it is deeirable that a coal 
should be non-eaking, and have an infusible 
ash. The caking properties of a coal depend 
upon its containiug cortail^ organio compounds 
(oxtractablo by means of pyridine) wdiich 
decom}>ose when heated, yielding ‘ volatile^ ’ 
and a small amount of a pitch-like cement which 
acts os a binding material in the resultant «oke ; 
cetcria jnribua, a caking coal with a fusible 
fomiginouB ash will yield a stronger coke than 
ono of similar age and composition with a 
higlUy silicious ash. Non-caun^ or feebly 
coals are either (I) those of greatest age, 
high in carbon and low both in oxygen and 


(2) those of comparativelj' recent 
origin,^with a high oxygen content; or (3) those 
, from ‘ oxidised ’ seamH which have at some 
period been exposed to atmospheric influence. 
1 Variations in the thickness of the overlying 
^ strata seem to influence the coking properties 
of a weakly caking coal-seam. For coking 
I purposes, it is often advantageous to mix a 
[ weakly caking, short-flame coal, rich in carbon, 

I with one wliieli cake.s well but yields much gas. 
j Finally, it should bo observed, that a caking 
■ coal loses its coking properties on prolong^ 

! exposure to tlio atmosphere. 

I Besides the elements already referred to, 

I coal (ashlcss) contains two others of importance, 

, viz. nitrogen and sulphur. The nitmgen, 
j although present to an e.xtent of.between 1 and 
, 2 p.c. only, is of great economic value, since it is 
I the source of 96 p.c. of the world’s entire output 
of ammouium salts. As the. results of exhaustive 
tests upon some 80 Scottish coals (Ne>=0*916- 
‘ 1*873 p.c.) at the Provan Gasworks, Glasgow, it 
has been found that under the conditions 
prevailing during distillation in a modem gas 
retort, about 68*3 p.c. of the total nitrewen 
remains in the coke, 19*6 p.c. appears as M in. 
the gas, 17'! p.c. is obtained as ammonia, 
3*0 p.c. passes as organic bases into the tw, and, 
finally, 1*2 p.p. is evolved as oyano* compoio^t. 
Also, as the reaulta of cx^t^ng a Durham 
oonuining 1 *67 p.o. N in Ottoffilgenstook 
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at Blayden-on-Tyne, A. Short (J. Soc, Ohom. I 
Ind. 1907, 581) found tiiat 43 31 p.o. of the ; 
N remained in the coke, 15-10 j).e. was recovered 
oa NH,. 2‘98 p.c. appeared in the tar, 1*43 p.c. 
as oyano compounas, the rt^niaining 37*12 p.c. 
representing W in Iho gas. The temperature at 
which the evolution of ammonia begins when i 
coal ia heated aconw to (iejK'nd on its geological 
ago. Garrick-AnderHon, and lloboits (J. Soc. 
Chom. Ind, 18J>5), 1099) give 333" a-s the lowest 
temperature for NU^, (-volution from a young 
gas coal, and atatc that wtli coal of an older 
type it may ris<.> to about 480'. Jfilgcnstock has 
found that the prmci])al evolution of Nila 
occurs after the caking stage of the distilla¬ 
tion hoH set m. M. (J. (’hristn- (Inaug. Dihk. 
Aaachen, 1008), in an invc.stigation upon ja-at, 
gas coals, and anthracites, Inus sliown that 
evolution of Nit., begins at about 3.'30" in the 
case of a gas coal, and at 450" iii th<! owe, of 
anthraciUv:^, and that tlie principal evolution 
occurs Utween 500' and 700'*: according to 
Ghristle. also, that jiart of the N which remaina 
in the coke is prosi-nt in an exlniordiimry stable 
‘nitride’ form, and is only slowly expelled as 
the temperature is ruisi-d liom ',KHr to l!K)0". 
kVoin tliis It Would appear lliat the N is pro.scnt 
in at least two distinct forms, viz. (i.) as org»vni(! 
compounds winch decoinjawe at u temperature 
below tM)0 ’, and (li.) in ii stable ‘ nitride ' form. 
Hargcr (J. Soc. Gliem. liid. 1014, 380) has 
Bu^gosted tliat llic ‘ ammonia-yielding ’ N 
exists in a side cliain m llu- ]>arcnt molucule, 
whilst the more stable ‘ lixed nitrogcu ’ is 
present in some ring formation. 

■Sulphur must always be considered os a , 
doleteriuuH element in coal; it appears in three 
forms, namely, (i.) ivs pyrites VeSj; (ii.) as’ 
sulphates (gypsum); ami (in.) as ‘or^^aatc’, 
Huliihur. Altliough jiartly expelled (chiefly os 
U«S, GiSj, and thiophen) on tlistillation, the, 
Hulphur IS largely retained (chiefly as FeS and 
Ga.S) in the coke ; it is iin^ioBsible to pro(iuco a 
coke low in suliiliur from a coal whose ash is ' 
rich in Fo, Ga, or Mg comjioumls. According 
to A. Short (t.c ), in caking a ]-)urliam coal , 
containing d-824 ]).c. S, in by-product ovens, 
72-6 p.c. of the S remained in the coke, 24-0 p.c. 
was evolved as H^.S, 1*45 p.c. passed into the 
tar, the remaining 2 p.c. being accounted for as , 
gaseous products other than HjS. 

Goal, when freshly mined, may contain much ' 
water (‘pit water’) and some 0(;cludod gas. 
Most of the water i.s rapidly lost on air drying, 
whilst the remainder (usually some 2-3 p.c.) ia 
completely lost at 105°. The occluded gas may 
be withdrawn hy continued exhaustion at the 
ordinAy temperature; from a Durham coal 
(Hutton seam) Bedsori obtained l*fl c.c, of gas per 
gram of coal; the gas contained 002=4*35, 
CH4=7l*l5, 0 = 2-80, and N 

— 15*05 p.c. From a Lancashire coal (Lower 
Mountain Mine), R. V. Wheeler obtained 1-375 
c.c. of gas per gram, containing NHa=0-5, 
H,S=0S, C;,H4=0-4, C0=21, C,H,=810, 
CH.=80'35, 0=0-4, and N.= 7-6r) p.c. 

The mineral ash in coal varioa ,.reatly in 
amount, colour, composition, and fusibility. A 
^ distinction must be uawn t^twoen the heavier 
Buiteral matter, *dirt’ (pyrites sp.gr. 6*0, 
abate sp.^ 2*5, and gypsum 9p.ffr. 2*3), often 

*“tS^ freshly mined small cool {8p.gr, 
VoL. HI.—T. \ f 6 


I *2-1 *3) from which a separation can bo effected 
by mechanical washing, and the true or ‘ fixed*’ 
ash of the coal, which is disseminated throughout 
its entire mass, and cannot bo so removed. A 
pure wtiito ash which the writer once obtained 
itoiii an Australian coal contained 53'4SiOa, 
44 -UAlat)3, together with some 2 p.c. only of 
lime and the niorcot traces of forrio oxide. 
L^sually the ashi'.'^ of coals contain, in addition 
1-0 AI2O3 and Si<L. variable propotlions of 
(’a(), Mgb, FojOa, and SGj (chiefly as GoSO^); 
llie colour vanes from cream or light-buff to 
red-brown, according to the iron content, and, 
OH a rule, the fusibility increases wit h the darken¬ 
ing colour. The ashes of a typical Lanoashiro 
coal will contain Si0.2-=2.'>-41), Al20a=l9-28, 
Fc .03 = 22-32, GaOir^a-K), MgO up to 3*6, and 
SO J -3-8 jj.c. A fusible ferruginouH ash is a 
constant and jiroliHc source of clinkering troubles 
in furnaces and gas producers. According to 
J. 'r. Dunn the inelting-jioint of a coal ash 
may vary between 1000' and 1500 ' G. (or oven 
higliur) according to its chemical corapositioiv; 
and, altliough no general law can yet be formu- 
late<l, the m.p. usually nscs as the relative total 
rnokcuhir proportion of basic oxides to silica 
dimimsbus (Journ. tiuc. Chem. Jnd. 1018, 37, 
p. 171). 

Wiulst the majority of organic solvents 
(oilier, alcoliol, chlorofurrn, bcnzoi^) have but 
little offoct u]>on coal, Bodson has caliod 
attention to the rcmarkablo solvent action of 
pyridine (b.p. 114*5°) (J. Soo. Chom. Ind. 1908, 
27, 147). Thu coal should bo ground so as to 
puss through a sieve of 1000 apertures per sq. 
in., then mixed with sand and oxtractM with 
the solvent in a Soxhlct a]i])aratUB. The 
residual carbonaceous material is always quite 
devoid of coking propcrlicts. 

The pyridine solutions so obtained are dark 
brown in colour, with Hoinotimes a green fluores¬ 
cence, and the pro])ortiun of the coal subetances 
ex^ocUid raiigca from practically zero in tho 
' case of anthracites up to between 35 and 40 p.c. 
in the case of a good gas coal. Tho extract 
, romaining after tho solvent has been tlrawn off is 
a chocolate-brown amorphous solid, which on 
ignition decompoHca with inturaeHconeo, yielding 
a large projiortion of ‘ volatiles,’ and a swollen 
. residue of coke. From Bone and Sarjant’s re- 
soarchos it would appear that in order to obtain 
; any reliable results with a series of coals by the 
Soxhlet extraction method, attention must be 
paid to the purity of the pyridine, and ospeoially 
to its being anhydrous, and that the whole optf- 
ation should bo carried out in an inert atmoepnere 
of nitrogen. Other organic bases, such as ani¬ 
line (b.p. 184®) and quinoline (b.p. 238®) have a 
similar solvent action to pyridine, and in general 
the higher the b.p. the greater and more rapid 
tho action. Phenol also will extract (at 100°) 
considerable proportmns of the coal substanoes. 

; Mention should also bo made of the recent wozlf 
of F. Fischer and W. Gluud ujion tho solvent 
action of benzene upon coals at temperatures 
; ana pyutiiy H (288® and 50atmoe.) approximating 
; to tn^ritical constants of the solvent. 

The work of R. V. Wheolor and Burgees npon 
the volatile constituents of coal (Chem. Boo. 
Trans. 1910,, 97, 1918; 1911, 99, 649; 1914, 
105, 131) thrown an intoreeting light upon 
the chemical nature of coal. The behaviour of 



tSB FUEL. 


aDtUraoitio, Beini-bituminous, and bituminous ; 
ooftls at deiinito tomporaturos betwcxm 100° ! 
and 1100° was earolully invoNtigatcd ; it has ; 
been (wtabliKhod (1) tiiat ‘occluded’ gaaoe, ! 
mainly higljci paralijns, are evolved in Huiall 
quantities up to J50" or (!veii 200°; (2) that 
there is a eoiuous evolution of water (‘ water of 
constitution j beginning at about 2(H}'^ and 
continuing up to, and jirobably boyond, 4d0°; 
(3) that^uetwcH'n 270'^ and 300’ Jl^kS ih freely 
evolved, after whieli olefines (higlier tliun 
CjH^) appear uji to 3i30' ; (-1) that n ‘critical 
point ’ is reached about Iino ', which is marked 
ny a rapid ineiejuse in the gas evolution and 
the appe4iranee of much viHe<nJH oil; (ri) lliat 
up to 450 ‘ or 5O0° higher paralhns, CjUj, Cjllj. 
<J 4 lIjy, &c., as well as nu'thane, ani con¬ 
spicuous decoiiqiosition products, whereas Jl 
is produci-d in very Minall quantity ; (fi) (hat 
tho evolution of paraflin^ ceases eiiLirely at 
about 700‘’, tlie absolut<i anuninl. of (df* reaching 
u maximum at HOU' -OOO" ; and (7) that- between 
7(K>'' and SOO'’ there is a ‘ erilieal point ’ above 
wliie.h tho evolution of 11 abrujitly and rapiilly 
inori'ostw. ]t has been shown hy Jh Jojies 
and Wheeler, rn tet and Bouvut, as wi-ll iw i 
by Bono ami liis lollahorators, that tlio low- j 
tenqx'rature tars olilnlned on distilling coal j 
up to touiperatures (jf 5(KJ' or liOO' eonsifll! 
cluaHy of Jiydrucai hons of tlie najihtlicm'I 
and hy<lt(*aroiiiutie serioH, together with ' 
soino parivUins, Init not lienzono or its lionio- I 
logucs. Certain hvdro.vy oonqiounds, such 
hexahydro*/t-cresol us well us a senes 

of homologous phenolic bodies, including i 
0*11 ,qO (b.p, Ibb ). CiHjjO (b.p. 

aw°), (l,olli4f> (b.p. 213°-2I6"). and CjiHuU 
(b.p. 22(r-228 ') Jiave been ideuiifiod m such 
loW'tampcnvture l.aiN. 'I’hc nwulta of a large 
number of investigations earned out in recent 
ytufcrs by British, Krcneh, and American ehcniists 
all point to tho conclusion that llio ‘ asii free ’ 
coal substance is a conglomerate of (a) celiulogic 
degradation products, {(i) nitrogenous eonijiounda 
of vegetable proteid origin, and (r) roslnic 
bodies derived from gums, waxes, rceins, «S:C., 
in the original vegetable dihiiH from which tho 
coal W 1 U 1 formed. Tp to recently, it has 
generally botm supposed that tht' coking pro- 
penaitioB of coals are mainly due to their resinio 
constituents; but this has been disproved by 
Bone and co-workers, w'ho have shown that the 
main cause of coking are certain tyqios of humic 
bodies whose softening or melting points lie 
below the temperature at which active decom¬ 
position sets in. For a complete discussion of 
the chemistry of coal, vi^e ‘ Coal and its Scientific 
Uses,’ by W. A. Bone (1918). 

When bituminous coal la charged into a 
hot furnace, it first of all undei^oes a process of 
destructive distillation ; its least stable resinous 
constituents decompose, and hydrocarbons arc 
freely evolved, which, on^partial oxidation or 
secondary decomposition, give rise to carbon, 
together with minute quantities of dense tarry 
vapours (smoke) which are difricajjb to bum, 
except in an abundant air supply and (A high 
temperatures. The residual ' semi-carbonised ’ 
fuel, being raised to iuoandcscence, is burnt by 
the air, which is drawn in through the grate. 
If, as in intermitt^t stoking, the furnace be 
coded by a sadden inrosh of air daring the 


introduction of a fresh charge of fuel, smoke will 
be freely evolved. The production of smoke may 
be greatly reduced by the adoption of continuous 
meolianical stoking, especially if it bo on tho 
‘ undor-foed ’ principle, or by making tho 
mixture of ‘ Hinoku ' and hoi air impinge upon 
an incandescent lircelay' .surface ; the intrcKiuc- 
lion of a jirc-lieatcd secondary air supply near 
or at th(' bre-bndge of thci furnace will often 
diminisli smoke. It is never possible to bum 
eoal in a furnace with the theoretical quantity 
of air; thiiH 1 lb. of coal containing O=80’0, 
kS — (.Ilf N=^ 15, O=5‘0, Olid ash 
— 7’0 p.c., would, theoretically, require 1.3()‘0 
(mb. ft. of dry air at 15° and 750 mm. for com¬ 
plete combustiun, and tlie cooled gaaeous pro¬ 
ducts would contain 18'2 p.c. (X)^. It rarely 
liajipena, however, that the (lOj content in tho 
cooled chimney gases from a coai-fired furnace 
oxcccds lli'O p.c., and tho more usual proixirtiou 
IS from S'O to lO'O p.c. in large boiler instal¬ 
lations, tlu^ ailoptiun of mechanical stoking, 
logeliicr with autoinatic instruments for rocora- 
' mg tiio temperature and 00^ content of tho 
chiimicy gases, will Is^ found conducive to fuel 
ocunomy. K. .1. ('onstam and F. Schlupf<*r of 
the Zurjcli X'rufungsanstulL fiir BrennstofT, os 
the result of exhaustive boiler trials with many 
dilfercuil coals, conclude tiial those yielding 
hcLwoen 15 and 23 [i.c. of ‘ volatiles ’ (reforred 
to dry osliU’ss fiu-l) hav<t the greatest sbeum* 
rai.stng values; with coals yielding a high 
lorcentage of ‘ volatiles,’ thent is an excessive 
OHS on account of their inrompleto combustion ; 
whilst, on tho oliior liaud, witii a eoal low 
in ‘ volatiles,’ and which, iheroforo, yields a 
larg(3 jxu’contage of cuke in the botlcr furnace, 
a I'onsiderabie excess of air must bo. used in 
order to maintain combustion at a rato suiiiciont 
to (uisun^ rapid ('vaporation in the boiler, and 
this means an excessive lo.ss as sensible heat of 
the ehimney gases, fn trials on a marine boiler 
with coals yielding between 10'6 and 19*1 p.c. 

‘ volatiles,' evaporating about 3*0 lbs. of water 
per sq. ft. of lieating surface per hour, between 
73'7 and 75‘1 p.o. of tho heat of oombustion of 
the fuel was transmitted to tho water, about 
20 p.c. was lo.st in the cliininoy gases (at 276°- 
31.13°), partly as sensible boat and partly as 
unburnt gases, another 3-3*4 p.o. was lost in 
the ashes, the buJanco representing radiation 
lo.saea (Zeit, dos \’^or. deut. lugoniouie, 1909, 
1857). In Crials on a goods locomotive on the 
Furness Kailway, fired with Yorkshire, Lanca¬ 
shire, Cumberland, Scotch, and Welsh cools, the 
average boiler officienoy reported was 74*6 p.0. 
for an average evaporation of 8*05 lbs. of water 
per sq. ft. o! heating Hurface (Pettigrew,* Jour. 
Iron and Steel Inst. 1903, ii. 206). In coal- 
fired Lancashiro boilers the ofiioiency realised 
rarely exceeds 70 p.c., and is sometimes moob 
lower. 

Anthneite is the ultimate product of tbe 
conversion of v^table matter into ooaL Its 
average composition is 91*29 0, 2*91 H, 2*70 
0+N, 3*05 ash. Tho percent^ of N varies 
from 0*58 to 2*85 ; that of sulfur from 0*63 to 
1*0. Anthracite is hard and orittle; it has a 
Bub-motallic lustre, a eonchoidal fracture, and a 
Bp.gr. of 1*35-1*7. It boras with a smohden* 
I fla^ Some varietaes {^.g. Wdsh aaUraettas) 

< deorqdtate considerablyt -atan when gtadmlly 



heated. This property is uot exhibited by the 
anthracites of Pennsylvania. 

2. Carbonised Fuels. 

Wood charcoal. When wood is heated to 
200° without access of air, it remains unaltered, 
at 220° it becomes brown, and at 270“-300° it 
suffers docomposition, torrefied wood or Jtoth- 
holz being formed. At 350° it is resolved into 
volatile products and a lixed residue of charcoal. 
Qood charcoal produced at 3D0°-400° is porous, 
black, sonorous when struck, has a conchoidal 
fracture and a ligneous texture. It bums with¬ 
out smoke, and in sopHrale pieces without Hamo. 
Its sp.gr., exclusive of port's, is 15-2; inclu¬ 
sive oi pores, 0‘2-0'35 in soft charcoal, and 
0*35-0‘5 in hard. Dry charcoal contains on 
an average 3 H, and 7 U. After Htoiiiig, 
it contains 70 45 (', 1*()8 D, 13*1 0, I ash, 13’70 
moisture and gases. 'J'he usual percentagt! of 
ash is 3-4. 7’he earhonisation or dry distilla¬ 
tion of the wood may bo (“llt'Ctcd in the open 
air in circular piles or stacks (Mojler), provided 
with a yielding cover; in rectangular piles; in j 
pits (the most primitive method); in kilns of 
brick or stont!; or in iron fetorts lu'utcd lixti'r- 
nally (method used in the manufacture of gun¬ 
powder and of jiyrolignoous acid). The yield of 
charcoal varies with the nature, age, and eon- 
ditiun of the wood, and witli ilie method of 
corbunisatiou. from 3i p.c. by volunit' (hrancii- 
wood of iir) to SO (logs of the same). In 
Sweden, 67 p.c. of the vmume of the wood was 
obtained in piles in which the wood was stacked ' 
vertically, and 75 when slacked horizontally. 
The yield by weight rang(« from 15 to 23 ji.c. 
The more slowly the charring is eh'ceted, the 
greater will be the yield of charcoal. (3iarcual 
is an excellent fuel fur metallurgical purposes 
on account of its low percentage of ash and its 
high calorific power. 

Peat charcoal is very friable and porous, and 
consequently difficult to uso in metallurgical 

X rations. When sufliciently coherent, and 

m the percentage of I’tOa is low, it may be 
used in low, small furnaces. The carbonisation 
may be offeetod in open kilns, in pits, or in 
ovens in which the air for combustion passes 
from above downwards, or by external firing in 
closed vessels, in order to enable the volatile 
products of distillation to be collected. Peat 
charcoal is easily kindled, and has^ a calorific 
power of G600-7000 cals, it is.not adapted for 
iron making, but may be used advantageoui^iy 
for gas furnaces, on account of the large size of 
the lumps, absence of clinker, and the fact that 
the ash readily falls through the ban. 

Coke u the solid product of the carbonisation 
of coal. It varies considerably in external cha* 
racier. For metallurgical purposes, the best 
coke is compact, heavy, homogeneous, with 
bright light-grey surface. It contains, besides 
caroon and ash, small quantities of hydrogen 
(0*2-l‘2 p.c.), oxygen (traces and up to S p.c.), 
nitrogen (0‘^1’5 p.c.), and * organic ’ sulphur 
ttotal Sa:0’8-1‘8 p.c.). The best cokes contain 
upwards of 90 p.c. 0, and loss than 8 p.c. ash, 
and should have a metallic ring. Coke is only 
'lightly hygroscopic, and when thoroughly dried 
dcM not absorb more than 1-2 p.c. of moisture 
froin moist air. The moittuie in coke put on 
tks mariMt sho^d not exceed 3 p.c. TheoaMfio 


value o! dry coke containing 90 p.o. 0 and 
0*5 p.o. H is about 7460 K.C.U. per kilog. {cf. 
Coke MAHurAcruaB). 

Semi-Coke (coalite) is the name given to 
the carbonaceous residue got by carbonising a 
gas coal at low temperatures (460°“600°). 
V'ariuus attempts have b^n made within recent 
years to manufacture in this way a satisfac¬ 
tory smokcIcHH fuel for domeHtic use, the chief 
diificnlty being to produce on a larg<f enough 
scale, and at a price comparable with that of 
raw coal, a fuel capablo oi being economically 
trau8jx)rted by roil. Attempte have been made 
to overcome this difficulty by cither comprossing 
the product wliilst it is still hot and in u pasty ^ 
or intumc-scont condition, or by briquetting it 
w'ilh a suitable binder. A complete solution of 
the low-temperature di8tillati(m problem would 
uot only be the best and most economical 
means of abobahing tho domestic smoke nuis¬ 
ance, but would also make available largo 
quantiiie.s of motor spirit and fuel oils for 
commercial and naval purpoHes. Laborato^ 
tests upon typical Hrilish bituminous coahi 
have shown that on oarb«>niaation at 060° to 
0. they will yield 10 to 15 nor cent, of 
their weight of mut(;r spirit and fuel oil, as well 
as 3000 to 4000 cub. tt. per ton of rich gas. 
Also, it has bocti proved that tho resulting semi- 
cokc burns wit h so high a radiant efficiency in 
domestic fircphiccs that it would probably con- 
atituto the cheapeat medium oi heating living- 
rooms by * radiation ’ {vide W. A. Bone, Proo. 
Mech. Kng. 1921, p. 625).* 

3. Coinpressi-i Fuels. 

Patent fuel (briquettes). Numerous patonto 
have been taken out for producing a good fuel 
by mixing various Hul>HtancoB with sm^ cool in 
proportions Bufflcicnt to enable the mixture to 
bo pressed into a coherent block. Various bind¬ 
ing materials have been tried, e.g. soluble glass, 
asphalt, pitch, and tur^ientino. Meal made 
from {mtatoes was abandoned because the blocks 
were not water-tight. Coal tar (Warlick’s pro- 
coss) was tried at l:>wansea, the blocks being 
baked after compression, whereby a quantity 
of tar was recovered. On the Continent, cellu¬ 
lose (D. K. P. 7600, 1879) and treacle (D. R. P. 
31716, 1884) have Iwen tried. Pitch made from 
coal tar has boon used for many years with 
great success. Two modes of manuiaoture are 
, in vogue in South Wales. In the dry process, 
small coal is carried by an elevator into a large 
bunker, whence it is ii^d by another elevator to 
a shoot into which it is tipjied with the contento 
of a small elevator containing pitch. The mix¬ 
ture then passes into a Carr's duintegrator, and 
the resulting product, containing 8-12 p.o. ol 
pitch, passes to heaters, and finally to the 
presses, which turn out iOO-200 blooku, weigh¬ 
ing 10-3# Ibe. per day o! 12 hours. In the 
steam process, there is used a largo vertical iron 
cylinder with arms revolving inside, constantly 
kept full of the mixture of pitch and co^. H^h- 
preesu^ is injected near the bottom, end 

allowed to percolate up through the mass, wfaflet 
the arms expose every portion to ite action. 
Mixtures such as these described are also com¬ 
pressed into §10011 ovoid briquettes of vaiicnii 
sises, suitable for domestic use or steam-ndtiag 
purposes on boikin fitted with mechanical chain 
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gratcH. Aliompt^ Jtavc b(!Cii made lo uliliBC 
peat by mixing it in a aiato of powder with 
small (roal and sawdiiHt, and pressing tho mixture 
into blocJ<w. Also dririd lignites, or the non- 
Oobnrciit earbtina<'i-()UK rcsidutin obtained by 
carboujsing tlinii at low temperatuics, may bo 
HUOfcSHfiilly britjueltcd witli the addition of 
jiiteh as a biiuhfr. Affording to testa carried 
out by the atalT of the U.S. (ieol. Survey in 
Mini, it la ])oasiblo to make good briipicttea 
from a wlrougly eokiiig coal, heated until 
intunioNCence lUst begiiw, un<l iinniodiately 
afterwarda prcHiM'd. M’ltlioiit the addition of any 
binding agent. Anthrai iti' fulni or coki' l>re(‘/-o 
may be biKiuetted without ilie addition of any 
bituiniiiouM coal, provided that good pib li la; 
used lUH a binding agent. 'IMu' [nt< h Hlionld bo 
anhydrous, or luiaily ho, an<l Hhould contain a 
otirtain pi‘o])ortuin (7-11 jm.) of (:reoHofe oils 
distilling below 21")"’, 1,o give it good binding 
jiroptnlioH ; the jn-e.srnce of tnie carbon in any 
ijuaiitil.y iH ol)jc('l.ioiuililti, and the pitch Hhould 
not How Im'Iow 70 '. A goo<l (juality of powdered 
coal with 0 ]).f. of pitch nliould clean 

hard briijuotb', which will not- disint-cgrate in 
tho lire'. In many citses hnijnettod coal will 
sland iruiiHportiitlun better than t-h(' original 
('iial, and is us good or oven better as a steam- 
raising find. 

Tho ]ii'e-war cost of hruiuotling eoal in this 
eountry (ineludnig ciunta! charges) was between 
2s. bd. and llv. per Ion. 'riie world's ])roduotion 
of bnijuettoH amounted to upwards of 20 million 
tons, of w’hieli nearly t liree-fourtlis wen* made in 
Oorman^’. 

Liicmtiirc.-- K Preissig, rresskohieiiindus- 
trie, I'Veiliorg, IHK7; Kofiort of (’oal Testing, 
IMant of U.S. (Jeol. Survey, iii. 1001; A Hand¬ 
book of Uriqiietling, (I. Franlo' (Herlin), trans- 
latcd by K. U. A 11. Umit slierry, 2 vols. (Griflin k 
Oo., London), lOlb 1018. 

4. PoH'ih') t'd Fuda. 

It is well known that a mixture of eoal dust 
and air Ih highly ex|)li)Hivt‘, and in burning eoal 
tlio oxeei^H of air lu tualiy required diininiNhos 
with the lincnwH of diviHion of the fuel. The 
elHciene.y of the eombustion ajiproaelie-s the 
thoondioal nmxiinuin tho more nearly the 
systom attains to th<‘ bomogcneitv of a properly 
proportioned gas-air mixtuiv. Much progress 
has bin'll made in recent years in applying 
lowdered I'oiil to boilcm and metallurgical 
urnaooH. As long ago lus 1873 ('rainpton 
(Jour, iron and Steel Inst. 1873. Dl) worke<l out 
a system whc'roby pulverised eoal was fed int-o 
furnaces through nu injector typo of burner, 
air being supplied in measured quantitice by a 
fan, so that intense boat was gcnovatcd. In 
recent years the s^Tjtem has been largely applied 
in America to cement kilns, reverberatory and 
open-hearth fumoeos, witb considcrablli success, 
and it is also l>eing developed in cormoction with 
boiler-firing. According to Canadian cxjierienoe, 
tho following conditions are essontial for obtain¬ 
ing tho liest results: (1) that the aoal shall be 
dried so that its moisture content is loss than 
I p.e. before being pulverised; (2) that it shall 
bo pulvorisod unm 85 p.c. of it paasos through 
a 200 inoHh, and 85 p.c. of it throu^ a 100 mosh : 
(3) that the furnace shall be properly shaped 
and proportioBfl4» and be suitably equipped 


with burner and feeding urrangenients so that 
tho relative deliveries of coal dust and air can 
be well eontrollod, and tliat special provision 
shall be made for th(? periodic removal of ashes 
from tho flues at the far end of the furnace. In 
regard to stoain-ruising, special incution should 
be made of the u.sc of ])ulvcrisod coal in the 
Hettington boiler, which has been successfully 
develojied in this country and m 8. Afiu^a. For 
particulars of recent develojiincnts of pulverised 
coal systems iii America cidc The Fuel Research 
Board's Special Heport, Xo. 1 (1919), by L. C. 
Harvey. 

Valuation of coals. WlnUt the value of eoal 
as a fuel depends jiimmnly upon its calorific 
value, ot-her factors must be eonaidored in 
detornnning its suitability for any given purpo.se, 
as, for iaslanee, (1) moisture content; (2) 
<iuantily ami fusibility of iush ; (3) [lorccntagc of 
‘ volatiles ’ and the ciiaractor of the coke residue ; 
(4) ultimal.e analysis i', H, 8, and N—the N 
being Imjiortant il t)ie eoa) is to be carbonised or 
gusilied in producers under aiunionia-reeovery 
condilionH. Coal is rarely purchased in Hrcat 
Britain .subjeet to either I'liemieal analysis or 
ea-ioriflc tiwt, but tlie j^raetiee in eommou in tho 
United )Stat(w and in e('i'ta]n Jiluropcan countries, 
till' contract, in any jiartu-ular ciwu, naming a 
eoi'tairi jinee for a coal of sjieeilied (quality, 
subject to a sluling scale for vanations in 
quality within eerlain delined limits. In 
sampling a oonMgnTuenl of eoal for assay pur- 
jioses, sjK'cuil euro should be taken tliut tho 
sample truly ronresents the bulk; tho method 
adopted wdl ouvionsly depend somewhat on 
eireuinstaneos, but the sample should contain 
the aaiim proportions of large, medium, and 
small eoal as the bulk, and, os a ruh.', should 
weigh not less tiian 1 cwt. On reaching the 
laboratory tlie whole should be put through a 
erusliur and subsequently reduced to convenient 
bulk by sucoesNivci ‘quartering’; the final 
sample shouhl then be further crushed to coarse 
])Ow’der and stored away in air-tight bins. The 
chemical U'sts may be carried out ns follows : 
(1) Moidurc awl iish. 10 grains of samjile, in a 
weighed porcelain basin, arc dried in an oven at 
105' for 1 hour, and sulwecpiently incinerated in 
a muffle at bright red heat, care being taken that 
tho initial ' distillation ’ i.s not too rapid. Tho 
colour of tho ash hIiouUI be recorded, and 
observalion, made as to its fusibility. (2) 
Vohilile vwUcr. 'J’ho method recommended by 
a eominitU'ie of the American C'hemical Society is 
to delermino loss in weight wlion 1 gram of the 
<iry sample j.s heated m a covered platinum 
iTiieiblo of 30 e.e. capacity for 7 minutes over 
tho full flame of a Bunsen burner, screened from 
draughts by a cylindrical a-sbestos chimney. A 
mure- useful test, however, is the ‘ crucible coke 
assay,’ in which 20 grams of the dried sample aro 
oarboniswl in a fire-clay crucible (lid on) at 
900°--1000“ in a muffle furnace; tho heating is 
continued for 5-10 minutes after the flame, 
caused by the volatile matter burning at small 
holes in the crucible lid, has completely died 
away. A new method, capable of giving more 
accurate results of scientinc as well os of coni' 
meroial value, has been described by Bone Mid 
Silver (Trans. Chem. 8oo. 1921, 110, 1145); 
also another improved method hu been pre^Mted 
by Leesing (J. Boo. Chmh. Ind. 1912, 31, 455). 
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(3) VUimate awdysvi for C and H. This may 
be carried out on a drie<l sample (0*2 gram) 
by the ‘ combustion ’ method ordinarily 
employed in the enso of organic ooinpounds, 
the combustion tube being packed with granu¬ 
lar lead chromate. (4) jSi/Zp/tur. («) About 
2 grama of the sample are jginled with three 
times its weight of a mixture of 2 parts 
MgO and 1 part, pure anhyd. NaX'Og in a 
porcelain dish or larg<i crucible for IJ liours 
in a muftlo furnace (proforal)ly electrically 
hoatod). Aft<irwardK t.hi^ j luirgo is washed into 
a beaker, cxces-s of dil. Ht'l plu.’t bromine water 
is nd<lod, and after boiling oil 11 h* <‘xcoan of 
bromine, the contents of the vessel are vigorously 
stirred and then hlt.i‘red. 'I'lio sulpliate in the 
filtrate is then jin'cipitated with a aliglit excess 
of BafNOslg. and finally estimated iw liaSO* 
in the usual nianncr. J)cterimnation8 are made 
in tri[ilicate, and a blank experiment is always 
simultaneously performed in onh r to di‘t«‘imiiio 
the ‘ correction ’ to lie applied on account of 
any traces of sulpliate in t.ii(T reagentH iMiipIoyed 
or the fixation of SOg by tliem from tlic furnace 
gases, {h) In diitcrnmiing the sulplmr m the 
ash of a coal, it is fused in a platinum crucible 
with an excess of Na^COg anu Kot'O,, mixture 
plus KNO;, ill order to convert all suliihur 
compounds into solulilo huIjiIhvUis. Tlie niscd 
mass is subsequently (5\traeU‘d with I'xecss of 
liot dil. H(‘l. and the e.xtrncted sulphates 
determined ns llaSOi m the usual way. (5) 
Nitrogni is best detennined by the ordinary 
Kjohlahl methoil. Occasionally coal or coke 
must lie exammetl for nr/inii,". (For details 
of the mothoil recommended by the eommittise 
yipoiuted by the Board of Inland Kevenue, sen 
T. E. Thorpe, Kstnnaliou of Arsenic in Fui'l 
(Uhem. Soc. Trans. 83, IMilt).) 

Storage and spontaneous ignition of coal. It 
la well known that on Hlorage coal doterioratoe 
both OH regards heating powi'r and coking 
properties,a fact attributable toHlowniniospheric 
oxiaation, which may. in certain circumstances, 
give rise to spontaneous ignition of the coal. 
It was formerly believed that the oxidatipn of 
the iron pyrites present in coal is the primdpal 
cause of its spontaneous ignition, but it is now 
recognised that this is not so, the chief factor 
being the surface condonsation of oxygen in the 
pores of the fuel, ami suliscqucnt oxidation of 
certain confltituent.8 of the coal substance. It 
has also l>oen suggested, on the basis of experi¬ 
mental evidence, that in sonic coses of spon¬ 
taneous combustion, the heat generated by 
bacterial activity is a factor to bo considered. 
Coal readily absorbs oxygen when heated in 
contact with air at 150''-200°, the process being 
not merely a physical absorption, but involving 
actual oxidation of coal substance ; the weight 
firat of all increases, and afterwards, especially 
if the temperature rises, steadily decreases 
owing to loes of moisture, slow oombustion, 
and decomposition. According to investiga¬ 
tion by S. W. Parr and F. W. Cressman, of the 
University of JUinois, the oxidation of coal is 
continnous over a wide range of conditions, and 
b^ins with freshly mined coal at ordinary 
^^jwratnres ; at some temperatures between 
and 276® (dependent upon the nature of 
eool and the finoness of division) the oxida¬ 
tion becomes autogenous ; actual ignition does 


not occur until the tomporature rises beyond 
350°. With regard to the influence of pyrites, 
it was found that the amount of ‘ pyritic oxida¬ 
tion ’ under given conditions is always pro¬ 
portionate to the pyritic content of the coal, so 
that an increase in the latter may therefore 
hasten ‘ the rise in temperature up to the 
critical point at which the alisorption of 0 
hy the coal itself is rapid enough to increase the 
teinjierature up to tne point of self-ignition.’ 
Hence, pyritic. uxulation may become a cou- 
tributory (though not the chief) factor in the 
spontaneous ignition of coal, altliough by itself, 
and jijiart from tin' siimiltaiu'ous oxidation of 
tlu« coal substance, it would be a negligible one. 
According to I'arr nini CreHHnian, the prescnco 
of moHture increaseis tlio reactivity of tne coal- 
air system at any temperature. J'ho whole 
ihcnonienon i.s prohably (»ne of ‘ surface eom- 
lustion.' According to Bone's inveatigationB 
tile absorption of C) by typical British (Durliam 
untl Yorks.) bitununouH coals is very slow 
at temporatures below 8b", and is unattended 
by tin- jiroduction of relatively insignificaiit 
qu.antitios of the o,xid(‘H of carbon. But in the 
neighbourhood of 8b'' the action becomes much 
quicker, and at above IbO" ib marked by tbo 
regular and simultaneous production of both 
the oxides of carbon us w<dl as sioani, all of 
which apparently result from the deeompoeiiion 
of Honn* imstahle ‘oxygenated ’ body primarily 
foniK'd by Die absoiption of 1h(‘ oxygen. An 
important oflicial report upon ’I’ho Spon- 
iauenuH Combustion of Ck>al in Mines, confin¬ 
ing a full nc<!ount of recent rosoarches by 
It. V. Whoclur and others, has rooeolly boon 
issued (Chnd. 1417 of 1021). Wich regard to 
the storage of coal, it has been proved that 
coal stored under wulcr sutlers no deU^rioration. 
The conditions most favourable to siKintaneous 
ignition of coal when stored in heaps are 
(1) a certain, but not ('xcessivc, ventilation of 
tbo heap ; (2) a certain degree of subdivision 
(e,g. small coal mixed with dust); and (3) any 
circumstance which tends to heat conservation 
in the lieap. 'Phe best safeguanl is either 
exco.HHivo ventilation (whiidi it is practically 
impossible to maintain in largo storos or in a 
ship’s liold) or no ventilation at all. The 
cxtiiKdion of fires which may break out on board 
ship is often a matter of great difficulty, the most 
olTective method being tliat recently proposed by 
Harkor, whereby the flue gases from the boilom 
of the vessel are pumpi'd into the burning 
hold. 

British eoal-flslds. The coal-fields of Great 
Britain may be grouped in throe principal areas, 
each having distinctive features, namely: (a) 
Southern (S. Wales, Forest of Dean, Somerset, 
and Dover); (6) Central (Yorkshire, Lancashire, 
Derbyshire, N. Wales, and Midland Counties); 
and {c)*Northern (Scotland, Northumberland, 
Durham, and Cumberland). The more im¬ 
portant fields are as follows :— 

(1) South Wales (Monmouth, Glamorgan, 
Carmarthen, and Pembrokeshire), covering aa 
area of 860 sq. miles, of which 150 are under 
the sea, with seams 1-12 feet (average 2*5-8*0 
feet) thiok, and }delding all claases of coal, 
bituminous (81 p*<3')* coals f47 p.o.), uid 
antbrabHes (22 p.c,). The carboniferous etfata 
lie in an elongated basin, which is almost com- 
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pletely surroundod by older fomiAtions, and 
complicated towards tin* south by an anti- ' 
olinal fold runniiiir cast and west. Tho basin 
is much faulted, and tho nvoix have out a serias 
of deep valleys alonj; which the eoal seams 
crop out. iSjK-ahirji' f'emually, and for corre* 
spondinj; doptlis below tlio surface, there is a 
cradual tranaition in tho character of tlic coal 
from tho coking varieties in tho east, through 
tho lirat-chwH Hteaui eoaln of ilie centre, to the 
HCini-anthraoites and ant hraoit-os in tlio went; 
moroovor, Mio Hnams liave apparently la'cn 
Hubjoctfld to an ineroasing earth ))roHHuro in tlie 
diroetion east |,o west, a eireuinsfaiua; whicli 
may ai'count for their increasing aiitlirncitic 
charaet<ir. 'Phis sujipnsilion liaw l>een disputed 


by Strahan and Pollard (Momoirs of the 
Geological Survey, 1908), who, from the fact 
that the ash content of tho anthracites is 
invariably much lower than that of the neigh¬ 
bouring bituminous seams, argue that tho differ¬ 
ence between tlio two classes of coals must be 
due to somo difTorence in the original vegetable 
dibris from which they have been derived In 
the cost section of the iicld the upper and middle 
coal-ineasurcft are worked, yielding good coking 
and bituminouH coals; in the centre tho middle 
measures predominate, tho up])cr being found 
in patelies only ; whilst in the extreme west the 
lower mea.sure.s only are found. Tlie composition 
of the more important elasHO-s of coals usually 
falls within the tollowing liinite i— 
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(2) i’orrW of ]>mn. A hhihII held (H-l sq. inilos) 
betweiui tlie \^'ye anil Hevern valleys, contain¬ 
ing 111 seams, of M’bich only Ih e.vceed 1 foot 
in thicknivss. The totnl tliie)ams.s of the nieiiHim* 
is 27(1') fee!-, and 1-liey are ('omjiletely girdled by 
older formations The eoais r’eseinble in 
character thase found in the east seetion of the 
K. Wall* held ; the up}>e.v and middle measureA 
yield excellent gas and Imuse coals, and the 
lower mcasuri*. wlmh. however, are diflieult 
to work, owing to mieiiTMiihition ol water therein, 
contain good steam coals. (!|) Bnutol (Somerset 
and GloueestiT). 'I’ho ooal-fields of tliis region 
form a number of liosins of varying areas 
(totai»211Sr) sq. miios), tho edges and outlines 
of whicli are marked by newer rocks, so that 
there are live or six dctaciied ‘ expo.sed ’ fields 
and a considerable inl-ei vening area ot ‘ con¬ 
cealed ’ holds, 'J'he upjier parts of tho mraHuroB 
(the iladstock and Karringdon series) yield 
bitnmmouH liimso and gas eoais; the lower 
parts (Kingswood and Volster scries) yield both 
liouso and coking ijualities. All tlieso an' con¬ 
sumed locally. (4) Staffordshirr, divided into 
N. Staffs, (9^ sq. mil(«) and S Staffs. (150 sq 
miios), In tlie northern area the sequence of 
upper, middle, and lower measures is complet.e, 
altnough much broken by faults; towanla tho 
south the meosureti thin out considerably in 
respect of t-otal thickness, but the individual 
seams converge, finally forming the famous 
Dudley lO-yards scam: in the extreme south 
the lower measures become so attenuated that 
it is doubtful whether they exist at all. The 
northeni area .yields good coking as well as gas, 
house, and furnace coals; in the south coking and 
steam coals are praoticaUy non-oxis^nt, but 
both gas and house coals (chiefly of the Pennant 
series) are obtained. (5) Leict'^tershire and 
Warwichihire. In Ixiicestershire tho exposed 
area is about 7U) sij. miles, and in VSkarwic^bire 
about 150 sq. miles; tho saihids have been 
Bubjeoted to igneous intrusion, and probably 
also to atmospheric influences, and are generally 
* oxidiBed *; honoe the coals art non-coking, 
with a high percentage of ‘ volatiles,’ (6) Yori- 
sAtre, Dmjfshire, and A large area, 


incliiihng some lil28 sq. miles of ’ cniicoalod,’ and 
about S08 Hq. mill* of ‘ exposed ’ measures ; 
the iijiper measnrw liavo been proved in boring 
ojicratuma, but they arc very thin and of no 
commercial importance. Throughout tho area 
tho Hoquoncc' of tho Carboniferous Formation 
is oomplete, the coal-bearing measures bein^ 
underlaid by tiio Millstone Grit and the Carboni- 
ferouH Ijimastono, anil they have nowhere been 
afTecf ed by igneous int]'U8ion.s. The chief Beams 
belong to the Pennant (middle) sories; all 
HoamM yield highly bituminous coals, with 
25-40 p.e. ‘ volatiles.’ Tho best house coals 
arc obtained in this fiehi All tho coals found 
north of Hheftiold have marked coking properties, 
though few of thorn yield a really first-class 
coke; south of fihoflield the character of the 
coal changes, gradually losing its coking pro- 
pertias. Between Mansfield and Nottingham 
tho seams have been ’ oxidised,’ and although 
th(' aual yields a large amount of gas, it is non- 
coking. (7) Ixinmnnire. An irregular area, 
much faulted and broken by an E.-W. anticline, 
extending from Burnley in the north to Ashton- 
on-Lyne in the south (with a long tongue pro¬ 
jecting southwards through StcKikport to Mooolee- 
field), and from Oldham in tho east to St. Helens 
in the west; total ‘ exposed ’ aroa=500 iq. 
miios. Tho principal seams in the Bouthem 
and central areas of tlio hold are all formed in 
the middle parte of the measures, the upper 
parte contain no workable seams. The seams 
in the lower part of tho measures become im¬ 
portant in tho Accrington and Burnley districts. 
The coals from seams in the middle parte of 
the measures belong almost exclusively to tite 
‘ gas-coal ’ olaaa, containing 30-35 p.o. * vola¬ 
tiles ’; several of the seams, notably the 
Yard Mine, Arley, and Trencherbone, yield a 
fairly good coking eoal. The famous ’ Mountain 
Mine ’ seams of the lower measuiee (Buml^ 
and Accrington) yield a coal with 20-2^ p.a 
* volatiles,’ which produce a coke almoet, if not 
quite, equal to toe beet l>ariiam coke, fi) 
North Wales (Flints, and DenlwhB.). SnAnr 
ii character to the Lanowhire field, but ndth 
Mt upper raeBBures rather more devefoped. 
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4U the workftble eeama, however, are in the ’ measures Don*ooking varieties. The ooals 
middle parts of the meaauree ; the seams in the ; the Ruhr basin contain 84--97 p.a of OTganio 
lower parts of the measures are all thin. The { matter, of which Css8S‘l-87i, and H»5‘27- 
ooals are~ similar to those of Lancasliiro; they j 5‘(i8. (3) The Saar di^rid ; the upper and 
oontain 33-36 p.c. * volatiles/ and yield a fair middle measures are lx>th thin and yield non- 
quality of coke. (9) Durltam and Sorth-umbvr- coking and flaming ooals, the lower measures 
land. In the great northern eoal-fiold, of which arc thick, and yield (ospocially the deepest) 
Durham and Northumhorlaud form a part, very good caking and coking coals. The ash in 
there is a development of coal-soams (more Saar coals varies between r5 and 4*6 p.o. as a 
strongly marked the farther north) in ilie rule, occasionally running up to 7*7 p.o. The 
Carboniferous lirm^tonc, a feature which is carbon varies Iwtwocn 70 and 84 p.o., and the 
absent in tlie Mklland and Southern liolde. hydrogen between 4‘7 and 5’2 p.o. 
in the Limestono wrioH there arc a few wurkabln American Ooal-fleldS. The following informa- 
seams whicii increase iu number and tiiicknesM tion iuw been abstracUKl from the comprehen- 
from south to north, but in the main ]»art of sive Itoport of the U.S. (loological Survey issued 
the field tlio coal occurs cliicfly in the middle in IIMMI; tlio chief (toal-producing states ore 
parts of the measures. The total area of tlie aiTanged in order of tlioir present economic 
coal-field is 8(M> sq. miles. The .S. and W. iiiijiortauce, the figures in brackoU indicating 
districts of Durham produce, jicrhapa, the finest in each ease tlie output in millions of short tons, 
coking coals jn tlie world, containing 22-28 p.c, for 191M. (1) PerniAi/lvanm (73*1 anthracitic 

‘ volatiles,’ and low both in sulphur and ash. and 98 bituminous). The anthracite field lies 
The central district (Sunderland to Newcastle) in the N.E. and the bituminous field in the 
produces lino qualitioH of gas and house coals. VV. ; the latter produces the famous Connells- 
Tbo Northurnberlanil seamK are, for the most villo coking coals, the almost equally famous 
part, ‘oxidised’ ; they contain a rather largo , Vonghioglicny gas coals, and numerous grades 
amount of moisture, and arc non-ookmg. They of steam and donuwtic conls. (2) lllincis (36*5). 
arc largely used oa steam coals, and they arc 'riiis state includes the j^roatur part of the eastern 
excellent a.H ‘ jiroducer ’ ooals, (10) 1 interior coal-field, which ox^nds from Book 

land. The ciiarautor of the ooals is Hiniilar to | Island and Wilmington (Ill.) in the north to 


those obtained in N. Durham. (II) Sccllarui. 
The Scottish eoal-liolds extend from rifeshire 
on the cast, across a bolt between the Forth 


and Clyde, and westwards into Lanarkshire 
and Ayrshire, with an isolated small area in 
Midlothian. The upper parts of the measures 
arc well de-veiopod tnroughout the area. ’I'hc 
middle parts of the measures attain a thickness 
of from 800 to 1500 foot, Below the latter is 
the ‘ edge-coal ’ group in the C!arboniforous 
Limeetono Berios, highly inclined at its outcrop 
(Fifeshire, Midlothian), and containing baneb 
of cannol. Generally speaking, tlio coals arc 
bituminous, with a high percentage of ‘ vola¬ 
tiles ’; the best coking varieties are found in 
tho neighbourhood of Glasgow, and the coking 
soams stretch as far eastward os tho Firth of 
Forth. The Ayrshire coals are cliicfly non¬ 
coking, and are excellent as ‘producer’ coals. 
In Fifeshire tho seams in tho Carboniferous 
limestone in the neighbourhood of Diinforraline 
jdeld first-class steam and house coals. Tho 
Scottish coal-fields have been subjected to 
igneous intrusions to an extent rarely met 
with in England, and, consequently, some of the 
bituminous seams have been locally converted 
into steam coals and anthracitic varieties. 


German coal-fields. The principal coal-fields 
fonneriy included in the German Empire are 
those of (1) Upper Silesia (districts of Katibor, 
Heathen, Zabrxe, Konigshutte, lAurahutte, and 
Hess). The measures are 000 metres deep 
with seams 3-4 metres thick. The best coking 
co^ are found near Zabrze eastwards, from 
which they gradually change into young 
gas coals, near Konigshutte, and finally into 
non-ooking flaming coals near Laurahutte. 

The ^hr basing stretching from tiie neigh¬ 
bourhood of Hamm in the ILE. to the Rhine 
8 -W.; the field is much broken by faults, 
t he older meoaures, which yield the beet 
omrag coals, are, as a rule, uppermost; ^ 
measures yield gas ocmUs, and the low| 


(Jiintral Kentucky in the south and from the Mil- 
sissippi river in the west to Williamsport and 
(’annelton (fnd.) in tho east. The coali are 
rather low grado and weakly coking, containing 
(J=r)4-7fi, li=4*6-5'3, N=0*8-l*2, S«=l*3-4*6. 
0 s 12’()-18’5, and ash » 12‘0-24'0 with calo* 
rifiu valiKs 9929-11,907 B.Th.Us. per lb. The 
proximity of tho field to Chicago and St. Louis 
euhanocs its economic impoi^noe. (3) West 
Virginia (32*0). Tiiis state includes a large 
portion of tho important Central Appalaobian 
coal-field, which produces high-grade steam ooals 
also suitable for coking purposes, and containing 
0=74-80, H=4'0-5-2, N=l-0-l*7, S=0‘6-l*2, 
ash=4*0-l!-3, with calorific value 13,736-16,190 
B.Th.Us. nor lb. (4) Alabama (11*26) inoludet 
several fields of which the Warrior basin is the 
most important (23 workable seams), oonstituting 
the fuel supply of the Birmingham (Ala.) iron 
industry. Tlio coal is of fair coking quality, 
containing 0=69-72, H=54'8-6*0, N = l*66-l*dfl, 
,S=0‘7-1'02, aflh = 12'.'>-12'6, with oalorifio value 
12,238-12,902 B.Th.Us. per lb. (6) Indiana 
(10*9) includes the eastern section of the Eastem 
interior ooal-field {vide Illinois). (0) KenUuhy 
(7*6). Tho eastem part of the state includes 
of the Central Appalachian coal-field {vxdt West 
Virginia) and part of tho eastern interior field in 
the west. Both fields yield good steam and 
coking coals, the eastern area being in this respect 
BuporioT to the western; the ooke for 
western field has too high a 8 content to be of 
much as a metallurgical fuel. (7) Colorado 
(6*65). The most important ooal-nioduoiim 
state west of tho Mississippi river; tine ooel tt 
a black lignite, which so rapidly disintegrottt 
on exposuK to air, that its transport over any 
great distance is impossible. It oontaina 
C=61*l, H=6*76, N=l*22, S-0*68, 0«>24'95, 
aBh=6*37, with cal. value 10,646 B.Th.Us. per 
lb. (8) /ou» (6*6) yields only low-grade eoUi 
containing high peTOMitages of mesatnre, ral^bnar, 
and ash, with very feeble ookmg propel^. 
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(ft) Kanmtt (fi'3} yields fairly good non-coking 
steam coalK. (iU) Wi/otniny (5*1) contains a 
number of apparently iiidc'jjondcnt coal-fioldR in 
strata of the (aj;f‘; iho fuel in low 
gratlc. (II) Indian TintioTy (ll*W) prodaoca 
good wfcani coal, witli, in Home iiwtnnc(!H, fair 
(!oknig [irojicrticH, but uHiiuliy lijgli in sulphur. 
C=(U-7:J, 11^4-M 5*2, i\-'1*4 1*7, S--l*r)-l*0, 
ofih—lO'O'with cal. value 11,340-12,874 
B.'l'h.Us. per lb. 'I’lic coke is good enough for 
lead .Hmelting, but imsuitabh^ for iron smelting. 

Litrratur<'.~--V\v.c\i und Hartig, 'JVclmik dor 
Steinkohls, Miinclicn, 1 Sliri; J. Porcy, Metallurgy; 
I'hiol, 155 577, 2n<l ed. London, 1875; 1C. J. 
Mills ami K. I). Uowan, h'uel and its Aj)])lication, 
London, ISKb; iM-oeh. Ergu'bigkiet dor Klein- j 
koldi'nlag(“r, Stuttgart., liMtl ; \Ve(lding. Kiscn- 
hiittenkunde, Ihl ii. liraunHchwig, lft02 ; VV. ; 
(Jarrick Amlcrson, Clicmistry of Ookr-, (llosgow : 
and ICdinburgh. i!H)4 ; , 1 . S. Hranie, h'ncl. I 

2nd ed. 1917 ; \V. A. Hone, < 'oal and its Scicntilic j 
Ufiivi, 1918; UiMnu’t of K<tyal (>)inmiK.Rion on j 
(loal Su^)]ilie.4. j,ondon. l!’«)r>; lleporis anil' 
BullotiiiH of the U.S. (■'I'ological Survey, of the ! 
U.S. Bureau of Mint's, of the UniverHity of ' 
Illinois, and of the (Viimduin Dt'pt. of Mines; i 
Reports of the British Association Kmil Ketuiomy ' 
(lomrmtiee, Ifllti, and of tlu)lV)al Consorvatiou 
(lommittoe, 1918; (Jilison, (Jeology of C’oal and > 
(!oabmining, l/mdoii, liK)8; (Iroenwt'll ami ' 
Klsden, AnalyHcs of British ('oals and C^oke, 
3rd od. liomlon, 1909; (j. Kranke. Handbook i 
of Briquetting (translated by l^antsborry), 

2 voB. Jjondon, litlt) 1918. 

B. Ligein lt\iKi..s. 

Whilst, increasing quantities of hydrocarbon 
oils (cnido iietroleuiii or its distillat.ion products, 
shale oil, benzol, \^c,) are being used as fuel for 
certain special purjiosi's, they eannot be regarded 
os A HcriouH competitor of' coal or as m any 
real sense a substitute for it; it is doubtful 
whether the enlorifie value of t lie world’s entire 
output of petroleum and other liquid fuels in 
any given year exceeds (if. inileed, it is equal to) 

5 p.c. of that of the eornvsponding output of coal. 
NeveriUolesH, tlu're are certain selected purposas l 
(r.7. for motor-car engines and the like) for which * 
volatile liydrooarbon oils are omphiyed without 
displacing coal or gaseous fuels, and other Rpocial 
cascfi, notably steam raising in shi]* of war, in 
which liquui fuel has important advantages over ! 
coal. In rcepect of naval requirements, these 
are principally (i.) economy of space and case in : 
replenishing supplies ; (ii.) road^v and immediate : 
response to varying loads; (ill.) possibility of J 
forcing boiler to extreme duty in case of emor- I 
genoy; (iv.) ab8one.e of'smoko under normal' 
working conditions; (v.) shortness of chimney 
stock; (vi.) abolition of stoking ; and(vii.) ability | 
to secure and maintain higher speeds than with ! 
ooal firinjj. Some of tliesc^advant^oep are also ! 
of value m relation to locomotivo-^ilor firing, ; 
especially in countries (United States, Russia) ; 
where petroleum is abundant. In the Report i 
issued by the U.S. ‘ Liquid Fuel ’ Bo^d in 1904, j 
the relative alLround cmciencics of oil and good j 
steaming coal, from the naval point of view, ore 1 
OBtimaU^ to be as 18: 10, whilst Mr. Jam« j 
Holden, looomotiveauporintendentcf the G. E.R., i 
in giving evidenoe before the Royal Commission 
DU Ooal Supplies, stated that, according to his I 


experience, petroleum fuel, oil had, weight for 
weight, approx, twico the steam-raising power 
of coal in locoraotivo hoilera. The latter esti¬ 
mate is probaldy based on the beat rather than 
on the average rcwultK obtained with oil fuel, 
but certainly the ratio is not Iohs than 3 : 2. 
Moreover, weight for weight, oil occupies much 
loss Hpacc tlijiii coal, whilst oil docs not deterio¬ 
rate on long Jcocping oh doi'S c:oal. 

Pdrolcuvi fud oil (.scc, alw Petroleum). 
About 03 p.c. of the world’s total supplies of 
petroleum are drawn from the United States 
(t'alifornia, Kansas, Indian Territory, Oklahoma, 
Ohio, Texas, Pennsylvania, Virginia, Louisi¬ 
ana, and Illinois), and a further 25 p.c. from 
Russia (mainly the liaku oil-lield); the remain¬ 
ing 12 p.e. IS cliiolly cltTivcd Iroin Jiouinania, 
Oalicia, India, and the Eastern Archipelago. 
The total annual outjnit probably amounts to 
about 1000 imllioii impcnal gallons. Crude 
potroloinn, m its natural state, often contains a 
ci'rtain amount of water in eimilHificd form, and 
also of volatile liydrocarbonH. The oil sliould 
be both dehydrated and freed from volatile 
constituents before it i^an be safely transported, 
stored, and used na fuel. In Germany and for 
the Bntisli mercantile nuinnc, the prescribed 
minimum fiosh-point for fuel oil is ITiO'^F. (Abel 
tost), wliilst the British Admiralty require ft 
mimmurn of 20tPF. for warship fuel. A good 
fuel oil should also be sulliciently free from solid 
hj^drocarbons to stand a temperature of 0® 
without solidification. 

'Die appearance of crude fuel oil, os put on 
fclio market, varies greatly, aeconiing to its 
origin ; some varieties have a pale eolour and 
are mobile, others are viscous and almost black 
in colour. Sp.gr. varies between 0*771 and 
I *00; American oil has sp.gr. 0*785-0'030; Baku 
oil, 0‘8r)4-0;899; Galician oil, 0‘799-4)*902. 
Whilst consisting easentially of hydrocarbons, 
crude nils contain small but variabhi porcontagee 
of N, S, and 0. The nitrogen (0‘25“-1'0 p.c.) is 
present in the form of basic substances, probably 
of tlie pyridine or quinoline tyjie; sulphur 
(0*5--l*5 p.e.) occum both as alkyl sulphides 
(American oils) and as thioplien compounds 
(European oils). The following gives the 
ultimate I'omposition of various crude oils :— 


Origin 


California 

Texas 


.Tava 

Baku 


c 

II 

N ^ 

S 0 iSp.gr, 

84-43 

10’99 

0*(i5 

0-59 ' 3-34 1 0-902 

84*(i0! 

10*90 

■ — 

1-63 ; 2-87 i — 

85*75 

12-75 

— 

1-47- — j — 

i87*l 

, 12-0 


— — 1 0 923 

85-3 

ill-0 


1 — — j 0*940 

1 ! 1 


Of the hydrocarbon constituents, members of 
the following series are known to bo present in 
petroleum: paraffin, U,H,« naphthenP 4 , 

and . . . CbH 5 j«_j 2. Mendelej4fif has 

concluded that all crude oils contain the same 
classes of hydrocarbons, but in widely different 
proportions. Pennsylvanian oil consists chiefly 
of the C.H2 i »^2 series; Californian oil chiefly 
of the OaHffi (naphthene) series, together wira 
some benzene and its homologuee; Texas oQ, 
which is dark in o<^ur and viscous, oontatUB 
loincipaliy members of the Cn^f t and 
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seriw; j^naphthencB 0 ,H»b, con-' 
Btitute 80 p.c. of Baku oil. 01 hydrocarbons, ' 
such as naphthalene, acenaphthalene, fluorene, ; 
anthracene, and phonanthreno, all of which are , 
found in coal tar, the only one untloubiodly 
present in crude }H'tro]eum is nnplithalcnc. 
The gross calorific value of pctnilcnm fuel oil 
varies, as a rule, l>ctwe(ui 10,il50 an<l ll,(HK) 
K.C.Uh. per kilo</. ; the natural oils bent 
adapted for fuel ])urpuse« are those derivod from 
(^aliioraia, Texas, Mexico, and Borneo. In 
Kussia, wlierc a groat oil-fuel ituiuHtry has been 
devolopeil, the residue (‘astatki’) after dis¬ 
tilling off the kerosene and burninii oil, is used, 
ill applying oil to boiler and furnace work 
generally, the fuel must be ‘ al<misi‘ii ' by means 
of a jot of liigh ]>ressure steam or compressed 
air in a special form of burner working on the 
* injector jirmciplo The oil sliould onUT the 
furnace as a line Bjiray, intimately mixed with 
the air reijuisite for its coinbustion. Many 
forms of such burners are on t he market, h’rom 
the chemical aspect of combustion of the oil, 
tlio use of cmnjiresscd air is preferable to steam 
ns the ‘ atomising' agent, although, in fact , 
Btoani is morn usually oinployod. In other 
forms of burners, the ‘ atomising ’ is clTi'ctcd, 
without either air or steam, simply by forcing 
the oil (prelieated to BIO ) UTuicr considerable 
pressure (W) lbs, prT sip incli) through a suitable 
orilice. 

The following tyjueal burners may bo 
quoted as exainnh's : (u) the ‘ (larbogen ’ 

hunter (Fig. I). which may be used with oitlior 


thfl aide tube A, and poasin^ thence through the 
narrow annulus D, is 'atomised ’ by being loroed 
through a series of narrow grooves out In the plug 
end of B, parallel to the centre lino of the burner, 
whilst similar grooves arc cut in the face of B at 
right, angles to the axis of the burner. The 
groove.s, as shown in n, are tangential tn the cone 
end of the spindle c, which regulates the size of 
t he available opening through tlio cap nut S. A 
separate forced or induced air draught is used 
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steam or compressed air as the atomising agent : 

(fj) the ‘ Kermodo ’ liol-air burner (Fig. 2), in 
which the oil is partially vaporised and sprayed 
hy means of hot air at a jin'SKure of from j to 
4 11)B. per sq. inch. I’lie oil entora at A, its 
further flow being regulated by a conical valve 
and slit. The air, suitably jirehoaled, enters i loium u 

at the branches ii and c; the yiortion passing ^ uiodorn mo or. 
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through c meets the oil as it passes the oil- 
control valve, which is regulated by the wheel B, 
and both travel on together through the central 
tube K, in which is fixed a helix, whereby com¬ 
plete mixture of oil vapour and air is ensured. 
The two air supplies, through B and c, ore 
eepMately contrm^ by means of the rook and 
pinion at m and L respectively; and (c) tbe 
* Kermode * preasum^et numer (Fig. 3), in which 
a supply of oil pumped into the bumer through 


■with thiB l.urni.r. (r/) A iyjto of buniei 
(InsiKii'-.l l>y Miw«rs, .)olm liunJun and Son*, 
ot liiillHliill noar (ihiagow, in whiiih an air- 
injoctoil oil ajiray is coiuphitoly oosiliod and 
mixed with air boloro innition by paaaago 
tliroiigh a hoatoit iron tube, by whieli means a 
jicrfootly noii-liimincms ‘ bunann ’ ilaino of groat 
oaJoriiic intonsitv is obtained. 

The lumace'in whieh tho ‘atomised’ oil U 
burnt should lie so eonatruoted that tho flame 
does not come, into direct contact with cold 
metallic surfaces. An incandescent solid surface 
greatly assists till) completion of combustion 
and prevents smoke formation. (For various 
forms of burners, boiler-tumacco, and the like, 
r. W. H. Hootli, Liquid Fuel and it* (lombus- 
t.ion, 118-221; also Redwood’s Petroleum, ii. 
7U5-714.) . , , , , 

Petroleum oils are also employed a* fuel in 
intornal-coinbustion engines. With all tho 
earlier forms of petroleum engines, as with the 
idem motor-car engine, it was necessary to 
_...ploy It light petroleum spirit (’petrol’), but 
in modem types of stationary enginm, keroMne 
and even unrefined oils of higher boiling-point* 
may be used. These engines usually work on 
the four-cycle principle. A charge of vaporised 
oil and air is drawn into tho cylinder on the 
out-atrokc of the piston : on the return stroke it 
is compreesed and fired by a spark at the imin 
dead point. The piston ia then propelled onV 
wards by the explosion, and on the return 8tr(»0 
the products arc eyoUed. Part of the he^ of 
the products is utilised in vai»rising the oU or 
boating the air, or both. According to toiM 
made tor the Royal Agricultural Society ra IWl 
by Proffer ISwing, the oil conaumpbOT 
(American kerosene, sp.gr. O'^l, flnsh-lHJUit 
86''F., and cal. value 10,329 K.C.Us. per Hkig.) 
on 5 types of engines, developing 6 to 15 bJLp»p 
varied between 0‘69 and 1*30 lb. iw b.b»p.'»hoiif» 
The highest thermal efficiency inoicatod by these 
trials wna 20 p.c. The Diesel oil engine, whkb 
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has a higher thermal efficiency than any other 
heat engine, bums ordinary unrofmod fuel oil; 
the cycle oonKists of four strokes, namely, 
(1) out-8trok(‘, in w)ii(di uir at atmospheric 
pressure is drawn into tli<^ cylinder; (2) com¬ 
pression Htrt)kr, in which tlic air is compressed 
to about 35 -40 atmospliercs, tliercby becoming 
highly heated,- when the compression has 
readied about JO atniospheree, part of the air is 
drawn out by n single-acting air pump and forced 
into a receiver (wliich is in direct communication 
with the admisHion valve chamber) at a jinsnsurc 
of about 47 atinoHj)lH'res ; {'.]) out-stroko, during 
the initial part of which oil, proiously forceil 
into the admisKion valve chamher, is spraycil 
into the cylmdiT by a small quantity of the 
highly compressed air iu tlie receiver. The oil 
immediately burns in the hot comprcKsod air in 
the cylinder, no sjiarking or other siindar 
ignition devices being recjuireil to start the laun- 
bustion; the priKliict'S of coinliuwtion then 
expand,—this is tlie working stroke ; and (4) 
return stroki*, tlie products are expelled from 
the cylinder. The makers of the engine guaran- 
^0 that the consumption of crude jK5troleum will 
not bo more than 0*452 1I>. jier b.h.p. per hour at 
full load. p(}uivalcnt to a thermal dliciency of 
.‘15 p.c. J'lxlmustive trials by Mr. Aile Clark 
(Proc. Inst. Mis'li, Kng. IDOJl) on a two-cylinder 
IhO h.ji, engine at (llient, showed a thorriml 
elli<‘iencv at full load of p.e. jier h.h.p.-hour; 
on a single-cylinder H(i li.]). engine, ilie corre¬ 
sponding efliciency was ;U*2 p!c. The I)it«el 
Lngine (h>. Imvi' proiluci'd a marine tyja^ of 
imgino which cun he coupled direei to the pro¬ 
peller shaft witliout the intervention of a dulcli 
or other similar gi'ar. Tin* engine is ix'versiblo, 
and its speed is variable at will. Successful 
trials have hiM'n made with coal tar as fuel for 
the Dii'sel ongino. 

lAlFrafurr .— Redwood, Petroleum (2 vols.), 
and W. R. Hooth, hhiuid Fuel and its (Com¬ 
bust ion. 

C. (UsEous Fuels. 

The great advantage of gaseous over solid or 
liquid fiK'W, for lioating purpo.'^es, lies in the fact 
that tlioy i;an Is' completely burned in furnaces 
of regenerative tyjie with only n slight oxeoss of 
air, and they are therefore specially adapted for 
purposes where very' high temperaturea on a large 
Ncalo are roquin»d. 'J’lie absence of smoke and 
aflh makes their extended use, from the public 
point of view, eminently -dosirablo ; moreover, 
the possibility of gasifying coal under arnmonia- 
r<KK>very conditions, coupled with the much 
higher thermal efliciency of an intomel-com- 
bustion engine as compared with a steam engine 
or turbine, has firmly established the j>osition of 
gaseous fuels in relation to power schemes. 

Natoral gas. In the petroleum districts of 
Pennsylvania and adjoining states, natural gas 
issues from the strata at a depth of 500-2000 feet 
below the suriace, and when bore holes are sunk 
into this aooomulation, the gas rises under a 
mean proaeore of 250-400 lbs. pe* sq. inch. 
Between the years 1821 and 1883 natural gas 
had been used in a limited way for illuminating 
and heating purpoees; sinoo 1883, however, it 
has undergone an extraordinarily rapid develop¬ 
ment for indnstrial purposes. Aooording to the 
Report of the British Iron Trade Assooiation 


Commission to the Unitet^ States (1902), the 
companies engaged in the natural-gas bosiness 
in the Pittsburg district were operating nearly 
3000 milos of ])ipe lines, and the daily consump¬ 
tion of gas throughout the year averaged about 
50 p.c, greater. Two companies brought gas 
from a distance of more than 100 miles. In 
1014 the total production of natural gas in the 
U.S. was 501,8th) million cub. ft., the fuel value 
of which was computed at 04 million dollars. 
Th(‘ composition of tlie gas varies in different 
wells, and even in the same well after a short 
lu])sc of time; niothane (04-04 p.c.) is its 
principal constitiuuit; hydrogen (3-30 p.c.), 
together with small })ercentageH of ethane, 
ethylene, carbon monoxide, and nitrogen make 
up the balance. The density varies between 
0'4r> and 0'55. Analyse-s of natural gas as 
Bupplied to 25 cities in the U.S. are given in 
U.S. Rnreau of Minos Technical Pajx>r, No. 109 
(1015), according to which live of the samples 
contained methane only as the combustible 
gas, the remainder containing in addition thereto 
higlior paraffins (particularly ethane). Procoescs 
have been installed for extracting ‘ gasoline ’ 
from such ‘ paraflinic ’ gases by alworption 
methods, using petroleum distillates or naptha 
aa the wn.sh-oil. Natural gas also occurs in 
the southern plains of Alberta (Oanada). In 
the How Island araa it is obtained at 800 lbs. 

E ressure, and, according to the Canadian 
department of Mines, Memoir 93 (1917), the 
possible production of this Hold alone amounts 
to 50 million cub. ft. per diom; it contains 
CH4=Hh-7 . CkK„,« 1'8, H«rv4, N=G*1 p.o. 
Natural gas has never been found in Groat 
Britain except in too small quantity to be 
industrially important; in 1895 gas'was en¬ 
countered during woll-sitiking operations at 
Ifoathlield (Sussex), at a depth of 300 feot. In 
1902 gas was issuing from the bore holes at a 
preasuro of 140-200 lbs. per sq. inch; it con¬ 
tained 93TG OH4, 2-94 CJI,, 100 00, and 
2’9 p.c. Nj, but no hydrogen. 

Coal gas (coke-oven gas). Gas manufactured 
by the carbonisation of oiturainous coals in fire- 
clay retorts, freed from tar, NH3, and HjS, and 
in some instances mixed with either blue or 
carburetted water gas, constitutes the chief 
public gas supply throughout the world. Within 
recent years the surplus gas from by-product 
coking plants ha.s l)een purified for pumio use, 
and in localities where metallurgical coke is 
largely prepared, ‘ coke-oven gaa ’ will probably 
bo more, extensively used in the future. The 
composition of coal goe varies considerably in 
different localities, according to the nature of 
the coal, the nature and disposition of the 
retorts, and the temperature of carbonisation. 
A good ' straight' co^ gas as formerly supplied 
to the public in this country contained 45-M H|, 
30-35 CH4, 4*0 heavy hydrocarbons (reck¬ 
oned as CjH4), GO-IO'O CO, together with not 
more than of about 8 0 p.o. Nj; and it had a 
cal. value 575 net and M5 gross B.TIlUs. per 
cub. ft. at 0'^ and 760 mm. 

With the almost universal adoption of incan¬ 
descent mantles for lighting purposes and the 
oonsistent incieasing uses of gas for domeatie 
heating porposes, tlw need of so rich a gw ol 
high setf-illainina^ng ppirer diminidied* a 
condition which opmd the way for okeiper 
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prodaotion by niaing the temperatute of the Urban THsiriot of Little Holton and 

retort Bettings. In 1913» tho eyerie gross the Corporation of Middleebroogb now diawB its 
oaknifio yalae of the gas supplied in six oi the entire pnblie supply of gas from re^neratiye 
laraest oitiee of Great Britain was about 580 by-proauct ovens at a neigbbounng iron* 
B.Th-Us. per cub. ft. at 00®F. and 30 in. baro- woi^. 

meter. During tho war, tho g&s waa almost ProdQOer gas. For tho cheap and rapid 
universally * dobonzolisod,’ whereby its gross | production of gaseous fuel for industrial pur* 
oalorifio value was reduced to between 450 and j poses, there is no l>cttor prooces than the 
500 B.Tb.Us. per cub. ft. Long bofr>n^ the war, I gasitication of solid fuels (peat, bituminous coal, 
some gas undertakings had regularly mixed ^ coke, or anthracite) by means of a mixed air* 
either ‘blue’ or ‘ carhuretted ’ watcr-goa (^.v.)l steam blast (somotiiuos air alone is employed) 
with the coal gas sent out of their w'orks; and ; in some form of gas ‘ producer,’ whereny the 
this practioo is likely to grow considerably in : fuel is converU^d ink) gjus containing some 
future, oapecially as the (Jus Regulation Act, ! 35-45 p.c. of combustible Kinstituonte (CO, H, 
1920, has ordained that in future consumers ' and CH4). A modern gas producer consists of 
shall be cbargo<l ae.conling to the Thermal units i a cylindrical furnace, (>-12 feet internal diameter ■ 
(‘Therms’ or 100,000 B'Ph.Us.) actually sup- 1 and 10-15 feet high, lined with tire-briok with 
plied. It is probable that post-war gas-standards ’ an outer mild steel easing, and usually water* 
will mostly be between 400 and 500 B.Th.Us. ! sealed at the bottom. Moans are provided 
]>cr cub. ft. (1) for tho inlro<luction of tho blast through 

Although the cost of manufacturing and I some form of grate or twyer fixed immediatwy 
distributing the gas militates against its use in i above the level of tho watiT in tho seal, and its 
large-scale industrial operations, where low fuel | regular distnbution Ihrougli the bed of inoan- 
costs are of first importance, it has novertholoss | descent fuel (usually 3-5 feel in thickness) which 
mode great progress in recent years (I) in the rests upon a lower bed of ashes ; and (2) for th% 
direction of supplying the needs' of innumerable charging in of the raw fuel through (usually) 
smaU-scale indiiHtriul consumers ; (2) in eon- some form of bell hopper fixed centrally on the 
nection witli the manufacture of liigh-gradc top of the producer, round which are arranged a 
commodities, wliore tiie cost of the Iieating number of equidistant ipoking holes closed by 
operation is of less ootuoqucnco than tlic iron ballH. The gas outfol is fixed near the top 
certainly of attaining a ])artieular result within of the cylindrical furnace. Taking as a typieiu 
a given tune {eg. in th(' heal treatmiuit example a producer working with a mixed air- 
of special steels or alloys); and (3) for bniss steam bloat on a common bituminous coal, the 
and aluminium molting, pine welding, glass ohomistry of gasification may be epitomisod Bt* 
annealing, the tempering ana forging of tools, follows. When a fresh charge of fuel is dropped 
&,o. Thus, for example, 13 of the jirincipal into tho fumaco, it first of all undergoes a prooets 
firms in SbeHield used, in 1917, ujiwards of of distillation on the top of tho fire, wnereby 
1200 million cub. ft. of coal gas for industrial H, OH,, tarry hydrocarbons, 00, together 
operations. with small quantities of NHg, HjS, &o., are 

Testa carried out at tho Imperial College of evolved, probably in much the same proportionB 
Science and Toebnology, London, have shown as in tho ordinary retort distillation of coal; 
that a woU-conatitutod modem gas fire, in which olefines and higher paraffins arc, however, bo 
the columnar fire-clay ‘ radiant ’ inak-rial is rapidly decomposed that they do not, as a rule, 
properly disposed in relation to the atmosphoric appear in the gas passing out of the producer, 
burners, will not only comjilotely bum the gas l^o carbonacouus residue (coko) is subsequently 
without a vestige of carbon monoxide escaping completely gaaifiod in the lower layen of thtf 
into the room, but it has an unexpectedly high incandescent fuel bed, by interaction with the 
‘ radiation ’ officioncy. The total ‘ radiation ’ ascending air-steam blast, yielding a mixture of 
from such a fire will vary from 45 to 50 p.c., CO^, 00, H, and N, together with furtiier 
whilst about 30 p.c. of tho nel heat generated small proportion of NH* and CH4. The propor- 
poasee directly into tho flue, tho balance being tion of COj, 00, and H leaving the incandescent 
^convected’ into tho room. Also H. James coko bed depend upon the steam saturation 
Yates has designed a ‘ ventilating gas tire ’ temperature of the blast, which also largely 
which combines the aforesaid high ‘ radiant ’ determines tho temperature gradient through- 
efficiency with a ventilating capacity nearly out the fire. In order to fully understeiiid £he 
equal to that of an open coal fire. chemistiy of the process, it is neoessajty to 

Large surpluses 01 ‘ coke-oven gas,’ which is separately consider tho interaction between 
little, if at all, inferior to many town gas supplies, incandescent carbon and air and steam respeo* 
are now available for steam raising or as gas- tively. In a solid bottom producer operated 
engine fuel. The efficiency of the gas when burnt with a dry-air blast, the imtlal aotira of the 
in T.^ncaRhiro boilers rarely exceeds 05-70 p.c., oxygen upon the incandescent carbon is rapidl)' 
and with coal at lOs. per ton the cost of the gas gucceodMbythercver8iblereaction2C(hF^‘rf^t 
for steam raising does not exceed 3d. per 1000 in which the state of equilibrium is a functata 
cub. ft. With the rapid extension of by-product of both temperature and the partial prouuMB of 
coking plants in Great Britain, the proper utilisa- the CO and COj. It can be demonsiratod that 
tion m the energy represented by tne surplus gas tho time Inquired for the establishment of tldB 
baa become a problem of national importance, equilibrium, at the temperatures ^lich prevail 
An avenge ‘ <febenzoltted coke-oven gas * will in the fuel bed, is far shorter than thaf oeon- 
oont^ CO,«:2*0, C0=:=6*0, G,H*«2 0, CH 4 pied by the ^eous mixtura in travsnl&g the 
H«56*0, N=10’0 p.c. In 1910 Pariia- fuel. Aocoitfng to Rhead and Wheeiet’a e<- 
Bumiary sanction was obtained for supplying periments (Chem. Boo. Trans. 1910, 2178), llw 
fcoa tnm the Brockley Coke Works to the equilibrium in the system ait 
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atmoAphAric prcsmiro variofi with temporaturo M 
follows :— 

I*er cent. 


Tcni)t. 

{.'Og 

cu 

850' 

0-23 

03*77 

050" 

1-32 

98*08 

1050" 

0*37 

09*03 

1200" 

0*00 

00*94 


roflultH which arc in atrrcompnt with the Uirrjno- 
dynatnical equation 

in.-^OO , eVo 

• al«. ^ '(V)2 

As thn rhango from 2(U) to CO^j involves a 
I (limimition in volume, it ran hc! predicted 
on thermodynamical grounds that, a lowering 
of the paiiial proHHiirca of tlie and (!(), 
consequent on dilution with N in" tlie pro¬ 
ducer gaHos, will aired the (H[iiilibriuiu in tlie 
same direction as an increoHo in toinjieraturo, 
i.e. it will tend to increase the ratio (lO/COj at 
any given tmiiiioraturo. The temperatures in tho 
activp 7.onf« oi the fuel l)(‘d of an air-blown pro¬ 
ducer gasifying coal or coko may vary between 
1250" and ujiwardH of 1400", Kiul with good 
coke it is easily ]»osHiblo to generate a gas eori' 
taining 0*5 CO., IIIID CO, 1*5 11, and 05-0 p.e. N. 
jiut since the eombustion of carbon to CO li bo¬ 
rates ap|iroximuteIy llO ji.c. of its total heat of 
combustion, not. only would tlu' thermal (dlici- 
ency of tho gasili('ati(in in an air-blown produciir, 
reckoned on tlie cold gas, bo low, biiti the high 
teinporaturx'S in the fuel bod would eauso 
sorioiw clinkering troubles in cases where Dio 
fuel leaves a fusililo asii. In tho Thwaito 
cupola producer (.‘10 feet higli and (> feet internal 
diameter), whore a dry-air blast, forced in 
through a soHch of twyors near tho bottom, is 
employed, it is usual to add a certain projxirtion 


of limestone to the fuel charge in order to form* 
a liquid slag with tho ashes, 'which is tapped at 
j intervals through a slag-notch. Working on a 
I Lancashire shu.k coal, this producer yields a gas 
i containing 2-0 21)-() ('(), 5-35 H, 2*05 OH4, 

: hl‘<> N, of cal. valiK! 130-K iiH, and 138*7 f7roj?«, 

1 ll/rii.Us. per cub. ft. at 0" and 700 mm. 

jStoain j'oacts with carbon in two ways, 
i namely, (1) D + 2ir3()---(3).^-f 2H2, and 
I (2) Of H,()=-('.() t Hj, 

I and both reactions are strongly endothermic. 
At 500"-(*(K)" (1) predominates ; ns tho tempera¬ 
ture rises (2) gradually asserts itself, until at 
! 1000'’ and upwards it occurs oxclusively. Tho 
; function of tli(‘ steam in a ga.s producer is, there¬ 
fore, to absorb some of tlio heat liberated during 
tho partial ‘ air combustion ’ of tho carbon to 
C3) by doing chemical work, tliereby raising tho 
potential miorgy of tlic resulting gas at the ex- 
ponso of some of its sensible Jicat. Incidentally, 
j also, clinkering troubles with a fusible ash are 
greatly diminished by the adrni.xturo of steam 
; in the blivat. Whore a large jiroportion of steam 
is used, the composition of the resulting gas is 
appreciably afTectc-d by the reversible syatom 
C() i K«05=iD()„d-irj, of which the equilibrium 
, ^ (lOxlljO . 

constant, =K, increases with tempera- 

i ture (acoording to 0. Hahn, Ks=0-81 at 780®, 
l‘r)4 at 0K(}“, and 2*10 at 1205^’). Tho operation 
1 of tins revei’Hihle reaction must also bo considered 
! when a pniducer giw jiasses Ibrough tlie hot 
rogonorators of an ojieu-licarth furnace, 
i The mfliKuico of varying blast-steam satura¬ 
tion toinporatun's upoii the composition and 
1 yield of tne gas from a Lancasliiro bituminous 
! coal containing C--78‘0, H—5*4, S=1'0, N —1*4, 
0 — 10*0, na)i=4'2 p.c., and yielding 30 p.o, 
j ‘ volatihiH ’ at ‘.KKi®, is shown in the tabulated 
I riMiilts below of a serios of gas-producer 


Average deptli of bicniuloflcent 1 
fuel.( 


3 feet fl inches 




7 feet 



AveraiTB rate of gnHiUcai.ioin 
(day-shift) poi )io»r per pro- > 
(lucftr . . . I 


22‘.5 ewts. 




1]'5 owls. 


Steam saturation toniporutiire > 
of blast .1 


.50” 


CO" 

70" 

00" 

05" 

70" 

75" 

80" 

0 

(Carlion dioxide . 

2'35 

2'.50 

4-40 

5 -10 

9-25 

.5-25 

0-95 

915 

11-65 


Hi 

Oorbon ni(ino\|<lL* 

31 00 

30-00 

28 10 

27-30 

20-85 

27-30 

25*40 

21-70 

18-35 

16*05 

Hydrogen 

iroo 

1*2-35 

1.5-45 

15-50 

19-75 

10-60 

18*30 

10-65 

21-80 

22*65 

«i 4 ^ 1 

Methane 

;ro5 

.3-00 

.3-00 

3-05 

3-45 

3*35 

3*40 

8-40 

3-35 

3-50 


Nitrogen 

51-40 

51*55 

49-05 

40-05 

46-70 

47*50 

45*90 

46-10 

44-65 

44-65 

Total combustibles ‘ 46’2 

45-05 

46 00 

45*85 

44-05 

47*25 

47-10 

44-75 

48-50 

42-20 

Calorific value of the Ban.)« 

180-0 

178-5 

180-8 

178-7 

175-5 

185*6 

186-4 

177-5 

172*0 

168*5 

at 0‘'and 760 mm. 

1 /U b 

168-7 

160-1 

1000 

161-U 

173*0 

172-0 

163*3 

167*3 

164*3 

, 

Yield 





--- 







and 760 mm. per ton coal . i 

133,700132,500)32,700 

13.5,000 


138,250 

134,400:141,460 

145,800 

147,600 

Staom added to blast, lbs. per 1 
lb. coal . . . ( 

0-2 

0-21 

0-32 

0-45 


0-45 

0-56 

0*80 

“ 

1*10 

1*56 

Percentage steam decomposed 

all 

alt 

ail 

76-0 

- 

87*0 

800 

61-0 

52*0 

40*0 





4* 
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trials (each estondiug over a oontiauous period 
ol 100-130 hours) carried out by Boao and 
Wheeler in 190(i-7 (Jour. Iron au<i Btuol. Inst, 
1007, i. 126; 1908, ii. 206). 

In these trials it was also proved (1) that 
on gasifying an ordinary bituniinoua coal by 
means of a mixed air-steam blast, about 92'5 p.c. 
of the carbon in the fuel is convorU'd into per¬ 
manent gas ((X)j, CO, and CH4), another 0'3 p.c. 
appears as tar, and the romaming 12 p.c. is 
lost in the aslias. Tlieso proportions are inde¬ 
pendent of the blast-st<“am saturation tempera¬ 
ture. (2) That witli blost-sUiani saturation 
toinperatunis up to and including 55“, the 
whole of the steam in the blast is docompoHod 
in passing tlirough tlie fuel bed ; as t}K^ satura¬ 
tion temperature is raised above this limit, the 
proportion of the sti'ain docornjiosed progressively 
diminiHiicM, althougls th(' absolute quantity (per 
lb. of fiK'l) im;n*aHe8. (3) Tliat increasiug the 
effective dejitli of fuel beil lK*vond 3 feet (> inches 
has no inllucncc ujnui either the eoinposition of 
the gas or the practicable rate of gasification. 
(4) That the thermal efUciency of tlje gasification 
readies a maximum at bUust-sicain saturation 
tcmporature.s Ix-twoen TMC and and that tbc 
best quality of gas for furnace purposes is 
produced with a saturation teinporaturo of 50'-’. 

In giw generated for furnace purposes it is 
important that the CO content should bo as 
higdi as jtoHsible, and that the If euutont should 
not exceed about 12 14 p.c. ; moreover, for a 
regenerative furnace sujiply the gas leaving the 
producer sliould bo in a hygroscopic condition 
such tliab the proportions of ClOn, CO, H, and 
H^O aiiall substantially conform to tho eijuili- 
bnum ralio eorrt^spomling to tho highest tem¬ 
perature of tho regenerator (say 1200°), namely, 

■2'(). This latter requirement is ful- 
lilled by a, gas containing 2'6 COj, 3()’6 CO, 
12’35 JL (such as may be generated with bla.st- 
steam saturation Uunporaturo of 50°), and 
leaving tho producer in a hygroscopio condition 
corresponding to saturation at 20°. Such a gas 
will leave tho prodnecr heavily charged with 
tarry vapours, and at a toiriperaturo of 500 - 
liOO ; it usually jiasses on to the furnace through 
largo fire-brick lined mains, witiiout being 
cleaned or coolod, accumulations of tar, soot, &<■., 
in tho mains being burnt out in a current of 
air at tho end of each week’s nm {ynif also W. 
A. Bono, Producer (ios, with special rofertmcc 
to Steel Works flequiremcnts, Journ. W. of 
Scotland Iron and Steel Institute, 1911). 

In gas generated for power puqioaes, tho 
actual composition is not so important, provided 
that the total content of i.ombustible constituents 
is high, and in such cases the gas may bo gene¬ 
rated under conditions permitting of tho n.'eovcry 
of a largo proportion of tho in the fuel os 
NHj. A gas supply for intomal-eorabustion 
engines must bo both thoroughly cleaned and 
cooled down to atmospheric temperature before 
delivery to the engine. 

The main points to bo considered in 
relation to gas-producer design are: (1) the 
easy and accurate control of tho blast-steam 
saturation temperature; (2) a suitable form 
of grato or twyer which should permit of 
* rate of gasiffcation, together with 

mixforuk diatribation of the blaat, through the 


fuel bod; (3) the oontour of tho iumaoo body ; 
and (4) tho arrangementa for charging uie 
producer and removal of tho ashes. Ono of 
tho earliest forms of gas producers (Ebelmon, 
1840) was of the cu^xila ty^io, in which charcoal 
or cuke was gasified, with a positive blast 
introduced through twyers, linieetono being 
added to the diargo (if noctwHary) to flux tho 
ash. In 1S45 Kkmati, a SweiUsh iroumoaior, 
designed a furnace and producer combined, for 
whu-li the fuel was charcoal. Tho producer 
itself comiHU'd of a cylindrical fire-brick chamber, 
enclosed in an iron casing, a spat*e being left 
between tbo brickwork and tho cosing through 
which the air supply was adiuiitod and pro- 
heated on its woy to tho tire. In 1861 the 
Brotliers *Sioiu(’ns patented their well-known 
producer for use in connection with their new 
regenerative furnace. This producer consisted 
of a lirc-brick clianib(“r, rectangular in aoction, 
the front of winch wius inclinod at an angle of 
45 ’-(itr, providi“«l with a grate at the bottom, 
through which a current of air was induced. 
IJolow tlio grate was a trough of water, which, 
on evaporation, by heat radiated from tho 
grate, added a certain proportion <if sUiam to 
the inducetl air Hupply. Subseqiu'ntly tho front 
of the ])rodue()r was closed by an iron dour, and 
Jfho air sujiply forced in under tho grate by 
steam injection. This producer was tho first to 
succesHfiitly gasify a bituminous coal; It waa 
capable of generating a fairly good quality of 
gas, but its rate of gasitication was low. In 
1876 Messrs. Brooke and Wilson patented a 
roducor consisting of a cyliadrical chamber 
living a solid hearth, but no fine bars. The 
mixed alr-steaiu blast was obtained by steam 
injection, and was introduced into the fuel bed 
by moans of a box-sliaped casting which traversed 
the middle of the hcartli. In 1882 Mr. Wilton 
patented a form of generator on which ash and 
clinker wen?) automatically removed by meant of 
two worm screws revolving in a water teal. 
Water-Healed producers have now almost en¬ 
tirely HujicrHcclcd tlie older solid or bar-bottom 
types. 

Tho Buff producer (l^ig. 4) may bo cited at 
a modern producer of simple design ; it oonsitte 
of a cylindrical chamber, a, 7-10 feet internal 
diameter, with a O-inch fire-brick lining within 
an outer steel shell. At tbo bottom of the 
lining is a circular angle-iron casting, which dips 
into tho water seal in tho trough bb. Tne 
‘ Buff ’ grato, or blast grid, c, is a /X-shaped 
structure, with trunsverso grids extending as a 
ridge across the producer immediately above tbe 
water sttal; the air-steam blast enters the 
space beneath the grate, and tho grid ensurai ita 
uniform distribution over a considerable area of 
tho fuel bod. Tho latter (which, as a rule, 
extends to a hoight of about 3 feet above the 
apex of*tho grate) is supported upon a bed of 
ashes, which extends downwards from the grate 
level into the water trough. In tho lower part 
of tho shell of the producer, and on a level with 
the grate, are inserted cleaning doors dd. The 
fuel is charged intermittently into the fnmaoe 
through the belled hopper R, and the gas outlet 
is at F; the dotted lines at 00 indicate poting 
holes. Ashoe are withdrawn from the watff 
trough at regular intervalB in quantity OOTTe- 
sponding to the rate of accumulation in the 
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furnaoo. A producer of 10 feet internal diameter 
will gaeify 10 ewtw. of coal per hour, or about 
16 Ibtf. per sq. ft. of lire area. 

In Fig. 5 in hIjowu tlio latent form of the 
Mond producer, wliicli, aitliough designed with 
Hpocial roforcnco to irnirnonia-rocovory practice, 
is eminently adapto<l to all working conditions. 
The chief foaturon about tlds producer are 
(1) the annulus a hetwcHUi the inner fire-brick 
lining and outer Htool hIjcII through whudi the 
inooining prohoabjd air-Htoatn blast passos before 
reaching the grate ; (2) the hanging bar grate u. 
which tjikoa the shape of an inverted truncated 


into producers so as to ensure a more Men 
distrioution over the lire bed, and more uniform 
working conditions. The ‘ (Jeorge ’ feed of 





SECTION THROUGH WATER SEAL. 




Fia. n. 

Morgan producer (Fig. 7) satisfactorily cfiocted 
this purpose. The essential feature of this 


Fio. 4. 

cone, with Hpncea between the hare for llie 
admissiun of tlio blnst, an arrangeinent wbieb 
ensures an adequate grate area and a very 
uniform and effective distribution of tbo blieit 
in the fuel bod; and (3) tbo largo bell c at tlio 
top of the producer below the ehargiiig lioi.per 
D, which is Buppusod to expedito the preliminary 
distillation of tbo raw fuel. The Mond producer 
IS usually worked with a very deep biel bed 
as indicated in the diagram, but if the liell o be 
dispensed with, a muoh 8h|Uowor fuel tied may 
bo used with adTantego. In Fig. 0 is shown tbo 
B.W. produoer, wbioE, with an improved form 
of hanging bar grate, is specially adapted for 
rapid gamfleatiem with a shallow, fuel bed 
In a produonr of this type, 10 feet intemai 
diameter, from 20 to 25 cwts. of coal (equal 
Ibb per sq. ft. of fire area) may be 

gaa mwl p er hou r. , { device is an inolined and alowly rotating water- 

^tooe pears ago attention was drawn to the j cooled . feeding spout A, fixed mimediatdT 
autoiaws aod oontinuoua feeding of the fuel I under the ohargii^ hopper B, the fuel beb^ 
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wmsL, 

ocmtiouoaily forced from B into a by the slowly 
revolving circular disc, o, woridng up ttainst tlw 
Iwaoket d. The producer itwn is water 
seBed, and circular in section, but tapering from 
the middle downwards. The blast is intr^uccd 
through the central dome s, and the gas outlet 
is at F. The producer may be worked with a 
■hallow fuel b^ (3 feet thick), and with a fire 
of 10 feet diameter will gasify about 10 ewts. of 
fue^ per hour. 

Tne Kerpcrley producer (Fig. 8) embodies the 
latest device for tno automatic and continuous 
removal of ashes, consisting of a revolving 
conical grate, a, fixed eccentrically upon the 
foundation, and provided with a flatt(3ned top. 

The cone comprises a number of plates through 
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which Mio steam-air blast reaches the fire. The : 
grate is fixed in one piece with the shallow iron 
water trough bb. which is continuously rotated 
at the alow rate of one revolution every 
hours. The lower part of the producer surround¬ 
ing the zone of active Cheniical action is water- 
jaokoted oo, in order that no incipient clinkers 
can adhere to the cold side plate. The slowly 
revolving eccentric grate disintegrates clinkers 
before they attain largo dimensions, and, pushing 
the ashes outwards into the water trough, 
causes thorn to be automatically discharged oy 
their coming up against a fixed scraper. The 
M organ producer also is now fitted with a 
mechanical revolving grate (Fig. 9), which, 
bemdes effecting automatic discharge of ashes, 
considerably increases the gasifying capacity of 
the producer. 

A still more recent mechanical development 
in gaa-producor practice is the employment of 
water-cooled rotatory peeing devices of which 
the CAiapman floating Agitator is a typical 
This apdiance combines ui -anto- 
auHe lead with a slowly rotating waterocooled 


m 

stirring anangement which keeps the npper 
layers of tiie foel bed constantly agitatM, 
whereby * caking’ is prevented; It may be 
fitted on to existing types of prodneers, no 
matter whether they have static or rotating 
grates. In the latest form of Mornn 'Gas 
Machine,' the coal is automatically fed into the 
producer, whilst continuous removal of aib is 



effected by making the body of the producer to 
rotate slowly and automatically sweeping the 
entire bottom (d the water-sealed ash-pan by a 
suitable spiral-shaped bar or plough. All need 
of poking IS eliminated by using an adjustable 
wtttcr-coolcd ‘leveller,’ which ‘floats’ on the 
slowly rotated fuel-bed and keeps it constantly 
levelled. 



Flo. 9. 


{[[All^largc gas producers arc blown^on the 
pressure system either by moons of steam 
injection or preferably by a suitable Ian or 
blower, steam or electrically driven. Tim 
pressure required is only 3-0 inches water gauge* 
according tw the thickness of the fire, fn 
case of a blower-produced blast, the reqoisitfl 
Htcam is introduce through a lateral openh^ 
into the air duct a few feet before it ttiten tiu 
producer; perfect contrtd and adJustnMmt tA 
the blast^team saturation tempecatore is oA 
great importonoe in rdatkm to mmorm working. 
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For the cleaning and cooling of producer gas 
for gas engimw, vari(*us arraiigciuonts of plant 
arc omployod, compriHiiig ( 1 ) a dual-catching 
chainl>er; (2) atmoHj^iieric condciiucr, usually of 
annular tyjK'; (3) wator-aprayod c<jko or 

‘hurdle’ Hcruhbcns ; (4) water-sprayed fans; 
and, finally (r)) sawdust scrubbers or other 
c(piiv'aIonl dciviccs for rcunoval of tar fog. 

_For small (up to 200 h.p.) jtower instailation.s, 
protlmHux in wliicli tlie bla.st is induced by the 
suction of ■ the crigino cylinder (‘suetion pro¬ 
ducers ’} are now largely employed witli antnra- 
cito or coke as fiusl. The first HucciWHfiil attomjit 
to operate a produeor by suction in i-onjunction 
with a gas engine wju^ made by Lc'mn llenier, 
in 1800, will) employed a Hucl ion jiumj), jilaecd 
side bysid(i with the. engme < ylitider and driven 
by moans of n coniiei tjon with the fly-wheel axle 
Koon afterwards the suction of the engine 
itself, on the out-stroke of Ihe justoii, wits 
substituted for tlie Henier sue lion jiump, lliu.s 
cheapouing construction, and at the same time 
reducing fractional losses. \iy ‘suction’ 

jiowor jiliuits wt'rc estiililished on tlie market, 
and their use lias since steadily oxtendiHl. Hiieh 
a plant {aa illustrated in Fig. lU) coiLsjsta of the 
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following essentiul parte: (I) A lire-brick-lined 
encrahr, a, of eylimlrical soetion, in which the 
uel is giwifioil by means of au air-steam induced 
draught; the fuel is introduced throngli au 
air-tight fading hopper, «, whicli droiw it into a 
storage and distilUition bell, c, situated within the 
goucrator. The lire rents upon a horizontal 
gruU' under which ia a shallow eliaiiibor, D, with 
a solid bottom, and a laU>ral opening com¬ 
municating with the air au<l sLenm sujiphos. 
(2) A va}X}riser, E, which «inay bo eitfter within 
or without tho upjKir part of tho alioll of the 
generator, in which a I'ogulatod wat<‘r supply is 
vaporised, usually at tho expense of some of 
tho sonsiblc boat of the hot gaa^leading tho 
enerator, or sometimes by tlu> boat of tho 
ro. (3) A water-sprayed coke iscrubber, f, for 
cooling and washing tho gas; and (4) an 
expansion o, which sorvA) tho double 
purpose of a gw reservoir for the engine, and, on 
the euotioik stroke, of miniznising tho jorkinees 


I of tho suck. 7’ho generator is started up by 
j kindling a wood fire on tho grate with a layer 
i of coke or anthracite above. Tho fire is blou 
' up by means of a hand fan, which is a nco^ 
I sary auxiliary to tho apparatus. During the 
starting-up period, the products of combustion 
are sent into ihe atmosphere through a vent 
j)ipe, but as soon as a rich enough gas is generated 
{about 20-30 imnutes from the start), the engine 
IS started luid the fan shut off. A typical 
‘ .suction gas,’ generated from gas coke with air 
saturated witii sU^am at contains 

00.^510, (:o^25-45, H-= 13*10, CHa=0*28, 
and N—r»r)'32 p.c., its net ealonlic value being 
127 B.Th.Us. ])er cub. ft. at 0 '^ and 700 mm. The 
thermal cflicicncy of tho gasification, allowing 
for till' jiowiT riHpjircd to draw tho gases through 
tlie Hystem, and based on tho net calorific values 
of coke and gas respectively, is about 78*5 p.c. 
'J’lio fuel consumption on a suction plant is 
about 1 lb. or even slightly leas, per b.h.p. 
developed. Uie water consumption for scrubbing 
the gas being about 1*2 gallons pi-r b.h.p. 

Ammonia-recovery systems. The solution of 
the problem of the giisifieation of coal under 
conditions wliicii ]ieniuL of the recovery of a 
large jiroportion of its nitrogen as ammonia, was 
duo to the late J)r. Ludwig Moiid. The best 
practical results are obtained by working tho 
producer with a blast-steam saturation tempera¬ 
ture of 85'^, till' inixt.ure of air and steam being 
jrelioatod to about 250'’ before it criters tho 
uel bed. There is carried into tho jiroduccr by 
tho blast about 2 lbs. tif steam for every 1 lb. of 
coal gasified ; oiio-ihiril onl^ of this steam is 
decomposed, by interaction with carbon, in 
passing tlirougli tho fuel bed, the remaining 
two-iliirds passing with the hot gases out of 
tlio producer. The outstanding features of the 
prociwH are (I) lliat, owing to tho cooling influence 
of ihe largo proportion of atearn in the blast 
upon the fuel bod, the low temperature inter¬ 
action C’-j- 21 laD = (U)j 5 j-lfj predominates over 
th(' higli temperatun) ‘ water-gas ’ reaction, 
(-Tlf 2 ()~(X)-j-li 2 , HO that tho resulting gaa 
(r.g. 17-0 CO„ 11*0 C’U, 24-0 H, 3*0 CH 4 , and 
45 0 N) liius a high hydrogen and low carbon 
monoxide content as compared with ordinary 
i producer gas; ami ( 2 ) tiiat for economical 
working it is necessary that tho large proportion 
of stoam leaving the jirodueer shall be conservod 
to tho syatem by some ellicient recuperative 
arrangement. From a coal containing oetween 
1*2 and l*() p.c. N it is possible to obtain up to 
90 Iba. per ton of ammonium sulphate, together 
with about 150,000 cub. ft. of gas (at 0“and 760 
mm.) of calorific value about lOO gross and 
136 net, B.Th.l'S. per cub. ft. at 0" and 760 mm. 
According fe the Moud system of ammonia 
rocoverv and steam recuperation, as originally 
designed, tho gas leaves tho producer heavily 
charged with steam and tarry vapours at a 
temperature of 600‘-’-600‘-\ It then traverses 
tho central tulx» of a series of throe annular 
‘ superheaters,* indicated by B in the diagram 
(Fig. 11), each about 20 foot long. The incoming 
steam-air blast passes through tho annulus 
between the central and outer tubes in the 
reverse direction. The temperature of the gas 
is thus reduced to about whilst that of 
the blast is raised to about 250*’ (further ' super* 
heating ’ of the blast oCours as it sub^ooitiy 
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toftTMMi the annulus between the fire-brick 
lininff and the outer steel casing of the producer 
itse^. The partly cooled gas next passes 
thfbugh a long rectangular and water-scaled 
chamber (the ‘ mechanical washer ’), r, where it ' 
encounters a water spray thrown up l)y a Rcric* [ 
of revolving dashers, by which means dust, soot, ! 
and a largo amount of licavy tar arc removed, ' 
and the gas itself further cooled to about 100°. ; 
It next passes up the lead-lined Honihbing 
tower I), j>a<!ked with js^rforated bricks or lih's, ' 
down which an acid iKpior containing p.c. 

of ammonium sulphate plii^ 2*r> p.c. of sulphuric 
acid is sprayed, thi' voluuie of liijuor l>oing so 
atljusteil in relation to the ujiward tlow of gas 
that the latter leavcis the tower at a temperature 
of 80'^ and free from ammonia. The tarry 
liquor from the* tower is passed into an open 
tank provided with suilabhi partitions, in order 
to eliminati^ any small quantity of surface tar 
in it. To the mam bulk of tlie'eh’ar Inpior ' 
is added a regulated (piantity of suljjliurie acid, 
after which it is again jiuniped up to ilio top 
of the acid tower D. A portion of the clear 
liquor ia, lioweviT. reinovi’d from the circuit, nrul, ' 
after treatment with heavy oils (if necesHarv) to 
remove tar, is cvaporalcil to crystaUising pomt in 
a special lead-lined vacuum evaporotor furnished | 
with steam coils. After separation of ammo- , 
nium Buliihate, the mother liipior is pumped , 
back into tho main-liipior ein'iiit. The ammonia ; 
and tar-froo gas, on leaving tlio acid tower at ] 
80“, is passed up tin* ‘ gas cooling tower ’ o, ; 
whore it eneounti’irH a downwanf spray of cold 
wator, so regulated that whilst tho gas is cooled 
down to about bO’’, and rondored sulistantially 
free from tar, tho water is heated up to 7r)°-78 . 
The gas posKos onwards to the place of con¬ 
sumption through a second water-sprayed 
cooling tower in which it is furtlier cooled to 
30°, at which tomiierature it contains only ! 
4 p.c. by volume of water vapour. But if 1 
it is intended for gas engines it should be further ; 
cooled down to within a few degrees of the i 
atmospheric temperature, and bo also passed j 
through a sawdust scrubber to remove the last | 
traces of tar. 

The hot wator from the ‘ gas-cooling tower ’ | 
is passed through a Uir separator, after which it : 
is pumped up to tho lop of the ‘ air-saturating j 
tower * K down which it is sprayed. The air | 
blast for the producer is forced up this tower by i 
means of a blower; in this way tho blast is | 
heated up to and saturated with steam at 75° j 
at the expense of tho hot water. A further | 
quantity oi live steam is added to the air blast' 
as it passes forward to tho superheaters in order ; 
to raise its steam-saturation temperature to 85°. ! 

Tho chief drawback to tho original Mond 
system was tho largo capital outlay involved, 
which rendered ammonia recovery unprofitable 
unless tho coal gasified oxeeeded 180-200 tons 
per week. Moreover, tho gas, being rich in 
hydrogen and poor in carbon monoxide, is not 
well suited for open-hearth steel or glass- 
melting regenerative furnaces. 

Successful efforts have been made to 
simplify the mode of ammonia recovery 
i;^ the substitution of rectangular horizon!^ 
WMhezB, oonstmoted of steel or iron work and 
Mffd eged resistant to the acid liquor bv special 
tro a fcm eut, for the expensive lead'lined vertical 


acid tower, and by making the sulphate liquor 
play the double t6U of an absorMnt for the 
ammonia in the gas and an agent fur the 
transfer of undecomposod steam Imck to the 
prcKlucer blast. As an example of this type 






























m 


FUEL.' 


through the deep fuel bed and minimises clinker 
formation. The blast enters the fuel bed pre¬ 
heated to 280’ and with a stoam-fiaturation 
tcmneralure (jf 85''. Tlie gas, on leaving the 

K roducior, puHHCH through the tubular ‘ super- 
eater ’ n, ho designed as to give a maximum of 
heating surlaue eoniliiiKid with facility of clean¬ 
ing. The latter ojieratioii iiuiv lie elTected 
wiiilKt the plant jh running iiy ineaiiH of a eork- 
Hcrew o!(‘anei' inserted through lioles j>rovidetl at 
th(' tO]). The function of the HUjierhoater is to 
effect a transfer of ]>urt {*f l.iie scriHihle lieat of 
the outgoing hot gUH tt) the incoming Hteain-air j 
hlaHt, Tlie ])ftrtiy cooled gas next ])a.SHe.s 
onwartlfl to tlu' ‘ wiwher coiuleiisor ’ c, oonHisting 
of five cornjiartmenlH, in the. fir-st t wo of wiiicli it 
meots with a watisr spray wluucby it is freed 
from dust and heavy t arry vapours ; t)ie Hieam 
gonerat-ed is HuhHe<|ueutly rtfeovered. In the 
remaining three coinpartments tlie giks is wa.Mhe,d 
with a spray of sulphate lupior eoiitaimng 0 5 p.c. | 
of free acid, whieh is (urculated by gravity flow 
in a diroctiun contrary to that of tlie gas. Tiio 
ubsorjition oi uiumonia is complete, whilst at 
the same timi^ tlu' gas is Hatisiaetonly cooked 
and most of the undei-oniposed stoam leaving 
the pi'odiu'or is condorwed. After leaving tlie 
waalier condenser, tlie gas is slowly liltorod ! 
through the dry coke scrubber l) wii('reb> all j 
t<race of Huhihate li<{Uor Hjnay is rmnoved. Tlu* ! 
liot lit^uor from the washor <ondeii-ser ]iaHseH by 
gravity flow into tlio w(‘ll k whence it is jiumpod 
into tlie au’-sat uniting cliamber v where it 
flows and is sprayed hy paddkw in a counieu 
direction to the cold air oki#*! created by tlie 
blower n. 'riie liipior is tliendiy cooleil and 
Howa hy gravity l>aek to the washer condenser (\ 
whilst the air hlasli is wanned and leaves the 
chatuher {rid the coke s(?rubber ii) saturated 
witli sUiani at 75". A constant proj^rtion of 
sulphate lupiov is withdrawn from circulation 
ana delivered into the closed evaporator k, 
where it is concentrated to oiystalhsing-point. 
A portion of tlio coiicontrate is run ort at frequent 
intervals into the crystalliRing trough l, where, 
after cooling and draining, the sulphate is dried 
and the mother liquor returned by gravity flow 
to the washer condenser c. The steam from the 
Bvaporator is conveyed by an overhead pipe to 
theliaso of the coke scrubber n, where it enters 
the air blast already saturated with steam at 
76®. The steam-air blast then passes forwaid, 
vid the coke scrubber H and the superheater ii, 
to the producer. Owing to a special treatment 
of the iron and steel used in the construction of 
the plant, all ioadwork is eliminated, except in 
the acid storage tank and the sulphate eonccn- 
txating and crystallising apparatus. In conse- 
quenoe of the greatly reduced capitaJ cost, as 
compared with the original Mond system, it is 
DOW poeaiUe to carry out ammonia recovery 
when gwifying only 100 ^ons per we:jk. From 
a producer coal of average quality, containing I 
ri^l*26 p.c. N, and up to 10 p.c. aah, it is 
po^bloto recover 90-100 lbs. of sulphate per ton, 
together with 140,000 cub. ft. of g?a (at N.T.F.) 
oentailiilig 10-0-17‘0 CO„ 10 0-1 10 (X), 26 6- 
27*0 H|, end 2*6-2-8 CH*, 

the moot leoont devclopmento in 
r^eid to ammonia'TeooTery pr'^ctice may be 
mentioned (1) an intereBting attempt to econo¬ 
mise steNOl by gasifying the fuel in a water- 
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jMketod venerator, as embodi^ in the Moore 
Bystem, i^erebj it is claimed that the steam 
required to produce from 80 to 90 lbs. of am- ' 
fdoniutn solphato from a ton of coal need not 
exceed the weight of fuel gaslfiocl, the resulting 
gas containing C()j=100, C()~20‘0, H = 200, 
and N—47'0 p.c. {vide Iron and 
Coal Trades Review, February 21, 1913); 
end (2) the Lymn syKtem, in whioli the 
plant has been entirely ro*rnoilelle<l with a 
view to reducing it« capital cost [vulc the 
writer’s book on (-oal and its Scientific Uh<», 
pp. 3(10-370). 

. Blast-furnace gas Within recent years the 
problem of better ut dining the waste gasiia 
irom iron blasl-furnaee« ns a .source of jiower ‘ 
has assumed great industrial iinportaneo. A 
furnace smelting an average grade of ore, with 
coke as fuel, will yiedd per ton of iron jirodueed 
about 185,700 oub. feet of gas at 15" and 
700 mm. containing apjjroxiniaUdy I(»'0 (W).,, 
30’0 00 (this may include from 0^5 to I’O H) 
and 58'0 N, of calorific value ajiproxiinately 
96-100 B.Th.Us. per cub. ft. For a furnace 
with nn output of KXX) tons of jiig iron per 
week, the production of go* will average IdM 
million eub. ft. per hour, the potential energy 
of which is rather mom than naif that of the i 
ooko charged into Die furnace, rntil the year 
1837, when the French ironrnastf^r Dufaur 
drew attent.ion to Iho rnatt-^ir, this iinruense 
amount of energy was entandy wasted. The 
classical investigations of Hun.seti at Verkerhagen 
in 1838, and of HuiLseri and IMayfair at Alfroton 
in Derbyshire in 1841-5 (Brit Assoc. Reports, 
1846; roprihted, 11K)3, by the Iron and Stool 
lost.), finally led to tli<' utilisation of tlio gases 
for (1) hoating the blast for the furnace, and 
(2) boiler firing. Special ‘ hot-blivsfc ’ stoves, 
on the regenerative principle, w(to designed 
to effect the first purpose by E. A. (Jowpor and 
by Thomas V^hitwell in 1806, whilst for 8te.am 
raising the goa was burnt in a firc-brick-linod 
combustion chamber atta^died to a bancoBhiro 
boiler. In this way about 40 p.c. of the gas 
was utilised for heating the blast, another 
10 p.o. would bo lost at the bell, leaving 60 p.e, 
to bo used to raise steam for driving the blowing 
engtuas, the furnace hoists, and other mechanical 
appliances in connection with the plant. But 
tnj combined efficiency of boiler plus stO/am 
engine was always very low ; thus in 1902 it 
was estimated by a Cleveland engineer that with 
the best type of water-tube boiler only about 
64 p.c. of the heat dovolope<i by the combustion 
of the gas is actually transmitted to the water, 
and that the oorabinod efficiency of boiler and 
blowing engine was somewhat less than 7 p.c. 
All this has been changed by the rapid develop¬ 
ment of the large gas engine during 1896-1905, 
which has increased the efficiency of power 
Tooduetion from blast furnace gas something 
between three- and fourfold as compared with 
the old steam plants. Gas engines developing 
up to 2000 b.Q.p. per unit have now fcen 
instead in most of the German and many 
Bntiah and Americtm ironworka, realising in 
aotnal practice a thermal efficiency of coDTenion 

aaa—b.h.p.’ of 26 p.c., and of * gas~-e.h.p.’ 
of 20-22 p.c. As an illustration of what this 
.iBUffOved practice implies, the following figures 
he quoted lor a plant of five lumaoes 


siMlting 6000 tons 'tA iron per week from 
oaloined Cleveland ironstone; the hourly pro¬ 
duction of gas is 6,500,000 cub. ft., of which 
not more than 1.100,000 would be required for 
generating the blast in a gas-driven blowing 
engine, another 1,650,000 for heating the 
blast, leaving a surplus of about 2,7M,000 
cub. ft. for employment in the steel works (heat 
end power). 

Indeed the time has now arrived when, With 
a pro|>or concentration and arrangoinont of the 
various producing units (by-product coke ovens, 
blast furnortw. gos-powor house, steel furnaces, 
soaking pits, and eleetrieally-driven rolling 
mills), atul utilising to the best advantage all 
the surplus coke-oven and blast-fumaoe gases, 
ironstone may bo brought in at one end of the 
plant and finished steel sections turned out at 
the other, with no more expenditure of fuel 
than the amount of coal that is required, to 
make sufficient coke to smelt the ironstone in 
the blast furnace {vide T. G. Hutchinson, 
Jour, Iron and IStoel Inst. 1913, ii. 110; and 
W. A. liono’s ‘Goal and ita Scientific Uses,' 
pp. 409-421). 

The gas, a.s it leaves the furnace at a 
temperature of 3(8)" or thomabouts, is heavily 
<'.hai^od with dust, winch must be reduced by 
washing to infinit<wimal pi' 0 {>ortions before 
it is fit for delivery to the enginea. The 
cleaning of the gas 'is usually accomplished 
m two or three Htages, namely : (1) * dry clean* 
ing ’ (by moans of any ordinary type of dust 
catcher), which may reduce the dust down to 
botwcoa 2 and 8 grams per cub. metre; (2) 
preliminary water washing (e.| 7 . in the Blan 
washer, nonsmting of a cylindrical steel chamber 
along the axis of which there slowly revolves a 
horizontal shaft carrying a series of circular 
discs qf thick wirework with a cnane mesh, 
the lower half of which is submorgod in water; 
the dusty gas is partly cloancd by passing 
through the films of water between the wire 
meshes); this may reduce the dust down to b'6 
gram j)cr cub. metro ; and (3) a final cleaning in 
some term of centrifugal apparatus in which the 
gas is violently churned up with a fine xpray 
or stream of water {e.g. the Theisen waBherp 
Most frequently the cleaning is carried out by the 
combination of processes (1) and (3) only. In 
any case, the dust'in the gas should bo rMuoed 
down to about 0*01 gram per eub. metre, and 
the temperature to 18®~20 , before delivery to 
the engine. The power expended in oleaning 
the gas to this degree amounts to between 6 ana 
0 p.o. of that generated by its explosion in the 
engine cylinder. 

Proeeeses of dry-cinaning {t.g. the Betii* 
Halberg system, in which tbe gas is filtered 
through a special fabric) have been Buccesaftilly 
developed within recent years; but probably 
the beBt«so1ution oUthe cleaning proolem to 
in some electrostatic system whereby the wh4^ 
of the dust can be successfully eliminated with 
a minimum expenditure of energy and without 
using wateu or sensibly cooling the gas. A 
description of the T>odge Electrostatic Ptoobm 
for gas-cleaning as recently installed at Skin* 
ningrove Ironworks is given in a paM by 
A. Hutchinson and E. Bury, in Journ. Iron a 
Steel Inst. oil. (1920), p. 66. 

Wat«r gu. The need of a cheap gaBeoun 
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fuel of high nalorific intonRity for certain 
iodustriai purpoHcn (f.g. Htcd welding) ha£ led 
to the utilisation of tlu* woll-known ondothermio 
interaction of Hiram and incandcaront carbon at 
high temperaiiinw. I'or Huch a procoKK to be 
continiiouH, iicat would liavc to bo transmitted 
from an rxU'nia! souroo through the wallH of 
the reaction chainbor or retort, which would 


nocossarily be constructed of rofracto^ material 
! of low conductivity. As such procedure would 
' certainly be very uneconomical, all idea of it 
haft been abamlonod in favour of an intermittent 
process, in which a b(‘d of fuel (usually coke) is 
alternately blown with (1) air, until the mass 
attains a sulHcicntJy higli temperature, and (2) 
witli steam, so long a.s the high temperature 



Fjo. 

interaction can proceed with¬ 

out unduo occuntmee of the low teniporaiuro 
interaction C i ailj 

'-.ho uso of water gas was first introdu<5ed in 
the United StaUw uliout tlie year 1875, as llie 
result of the pioneonnz offorteOf J. 8. (\ Lowe, 
but it was not until ISKH that the British Water 
Oaa Syndicate installed the tirel jilont in Great 
Britain at the Lwds Foree. This plant embodied 
the now obsolete idea of, during the ‘ air blow,' 
manufacturing a low grade ‘ producer gas ’ (a j 
mixture of ('0«. (!0, and N, in which CO was | 
the prt'dominnting carbon constituent) for j 
fuftjaco purj^ofiw by blowing a thick fuel bed i 
with an air blast at moderate pn'ssurt^. This j 
operation was alternated with the usual ‘ stfwn ! 
blow ’ for the production of ‘ water gas.’ 'I’he ! 
' air blow ’ oceupii'd 10 miniilivi, and the ‘ ftteam- i 
blow' only 4 minutes, and each ton of gas coke 
yielded alwiit :14,000 cub. ft. of ‘ water gas,’ and 
about 140,000 cub. ft. of ‘ producer gas,’ some 
25 p.c. only of the carbon in the fuel api>earing 
in the ‘ water gas.’ 

Some ten years later the process was much 
improved by Dellwik and Flcisclicr, who pro¬ 
posed, during the air blow, to heat up a com¬ 
paratively thin l>ed of fuel a« rapidly as possible 
by means of a blast supplied in such quantity 
as to burn the carbon as completely m 
possible to the dioxide. In the DellwiK-Floischer 
astern (Figs. 13 and 14), the generator is 
cl cylindrical section with a firebrick lining 
encased in a stoel shell. The fuel lied rests on a 
flat bar grate on a level witli which are olinkering 
bare, and below which are doors for the remov^ 
of ashes. The air blast always en^ars the fuel ^ 
bod from below through a valve, and the 
products of the ‘ air blow ' leave the generator j 
Dv the oonirol stack valve, through wliich also j 
the fufel is charged from a hmall himper waggon. I 
During the ‘ steam blows ’ superheated steam I 
from a boiter working at a pressure of 160>1 flO lbs. 


13, 

)er sq. in. is blown llirougli the inoandoseent 
uel bed jn (-itliiu’ an upward or a downward 
i direction, tlie direction neing i-ei’ci’Hcd in each 
succoHsivo l)low. Accordingly, there is one 
‘ water-gaft ’ outh'l at tlie toj) <if the generator, 
and anotlier below the grate, each provided with 
a valve loading to tho annular ‘superheater,’* 
! which Hcrviw to offoet a heat exchange between 
the outgoing liot gtw and the incoming steam 
blofttr, thus Huporheating the latter. At the 



bottom of tho * superheater ’ is a water seal 
through which the gas jpaftsos onwards to a 
coke Rcrubber, where it is cooled and cleaned 
from dust by nieaqR of a water spray; from 
thence the cold gas pasaes into a holder. The 
various valvfs of tho generator ore operated 
an interlocking gear which makes it impofsilje 
for the operator to make a mistake or get an 
explosive mixture in any part of the plant. A 
set of water gauges iad a test flame on the 













operatiag platform indioalo the ^rking condi¬ 
tions in the generator at any moment and also 
the quality oi the gas during the * steam blow.' 
Towards the end of the ‘ steam blow/ when the 
temperature of the fuel has fallen below the 
point at which the low t«!n|)oraturo interaction 
U+ 2 Hj 0 ^=iC 02 + 2U;, comes seriously into play, 
the steam and gas valves are shut on, the stuck 
and air vulvee being Himultaneously opened, 
for the commenccineiit of the ‘ aiv blow.' Kach ' 
* air blow’ iosUi abo\it I minut(% and the' 
subsequent ‘nteani blow' about 4 minutes. 
With an average quality of gas coke the plant 
will pro<luco about 32 cub. ft. at d" ami 7()d mm. 
of water gas per lb. of carbon charged mto tlm 
generator, winch means that as nearly as jios-sible 



is introduced from beK)W oaoh fire. The hot 
products (CO*, CO» and N), on leaving the top 
of the generators, pass upwards through the 
‘ double regenerator,’ a cylindrical structure 
filled with fire-brick chequer work and divided 
vertically into two chainbort or comj^rtmenta hp 
a central fire-brick wall. As the hot producM 
enter in parallel st reams at the base of one or othw 
of the two chanib<.*rH, they meet a secondary air 
supply fcaflicient. to burn completely all the CO 
which they may contain. The chequer work in the 
chambers absorbs part of tlie licat of the burnt 
gases which eventually make their exit into the 
outer ainioHphere through the stack valve n at 
the top of the double regenerator. As soon as 
the in the two generators have attained 

the nectwaary high ioiiqicTature, the air and 
stack valves* awi shut, and tlio steam valve 
siinultancouHly opened, 'I’lie steam, entering 
the base of the first generator, traverses the 
fire eontaiued therein in an upward direction. 


■':5Ss£e:i3' | 




'' 1| 1 '.If 


60 p.c.^of^thc carbon is converted into water gas. 
The averago^composition of the gas is 4'0 CO 2 , 
^•0 CO, 49 0 H, 0*5 Clf*, and 3*5 p.c, N. and 
its calorific value about 320 gross and 290 net 
B.TIlUs. per cub. ft. at 0° and 7fK) ram. The 
ralio of the net calorific value of the gas to that 
of the coke charged into the generator is about 
0 00 . 

Another system of water-gas making is that 
embodied in the Kramers and Aorta patents 
(the ‘ K and A ’ system), according to which 
two generators, a and b (Figs. 15, 16, and 17), 
connected through a double ‘ regenerator,’ c, 
are operated in parallel during the ‘ air blow ’ 
and in series during the ^ steam blow,’ somewhat 
ae follows :— 

During the ' air blow the fires (6-6 feet in 
thioknese) in both reffeneratoiB are simultane- 
onsly UowxL in parallel oy a powerful blast, wbipb 




The products (COy, CO, H, and some undecom- 
posed steam) passing out at the top traverse 
in a direction the two chambers of 
the ‘ double regenerator,’ after which they 
enter, in a liignly ‘ superheated ’ condition, 
the top of the second generator, through • 
which they pees in a downward direction. In 
this way, it is claimed, the gases, just prior to 
leaving the sysU^ra, come into contact with a bed 
of hi^ly incand<»4cenb carbon, the temperature 
of v^mich has not been sensibly lowered by 
the main endothermic stcam-carbon inter¬ 
action, which principally occurs in the first 
of the two generators. In alternate * steam 
blows,’ the direction of the steam and gesos is 
reversed, in order to ensure tho maximum of 
uniformity in the working conditions. The 
plant is operated by moans of an interlocking 
valve gear, whiclf prevents mistakes on the 
part of the workman. Tho hot gas produced 
passes from the bottom of the second generator 
upwards first of all through the annular * steam 
superhoatlr’ E (Fig. 17). whereby pi^ of ite 
sensible beat is transmitt^ to the in going steam 
blast, and then through a coke scnibbOT, where it 
is cleaned and cooled by a ^wnward water spray. 
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6 minutei}. Tho yield of from on average | 
gas coke, is nearly 38 cub. ft., at 0*^ and 7(10 mm ., 
per lb, of carlKui cliarg<3d into tho generator, 
about 60 p.c. of wlu<'h H])i>ottrs in the ‘ water 



Fio. 17. • 

gM.' Tho composition of the gas is 3'7fl CO-, 
43-70 CO, 46-1 H. O-C CH*, and 0*96 N. its 
oalorifio valQO being about 310 gross &nd 285 net 
B.^Ub. per ouK ft. at 0® and 760 mm. The 
ntjo of the net oalorifio v^due of the water gas to 


that of the coko charged into the generators is 
about 0-70. 

With coke at I2.f. per ton, the pre-war cost 
, of making ‘ blue water gas,’ including fuel, 

! wages, interi44t, and depreciation, was about 
i Ad. per KKXl <;ub. ft., which was equivalent to 
i-coal gaw at aljoulH'/, per HKH) (;ub. ft. I’oet-war 
i costs cannot well bo ('Htimated until pricea of 
coal and labour are more .stabilisc^d, but they are 
now (1921) probably not less than 3 to 4 times 
the j)re-war ligurc. 

I'ho nuist important indu-stnal application of 
water gas is undoubtedly Htc(^l-plate welding, 
and a large industry bos grown up, cepeeialiy 
in (Icrinany, for tlic nianufaf^ture of welded 
t ubes of larg(‘ dtmension.s. 'J’lu' overlapping joint 
t(j be weldiKl is heaU‘d simultaiicouHly ii'oni both 
! hidotf by B])ecial burncre (l<'ig. 18) fed witli both 



Fjg. 18. 


water gns and air under jiivsHuro, which on 
mingling nroduco aerated flames of groat heating 
jKiwer. As soon as the joiiitt uttains lh(< proper 
welding heat, it is quickly passed through 
special rolls wlimh bring about a perfdfc weld. 

Water gas is also used for mixing with 
ordinary town coal gas, but for this purpose it 
usually lii-st of all undergoes a process of 
‘ oiirburetting.’ (For the production of ‘ Car- 
Imrutted Water gas,’ sec (jA.s, Coal : also Gab, 
Wateii.) 

The combustion of gaseous fuels. The 

following table, ixdating to the various forms 
t)f ga.'^eous fuels dweribed in this article, may 
bo found useful'for comparative purposes; tho 
ligunv for calorifie values arc approximate only : 


(Ins 

1 r= B 

? .-SB 

■gw S S 

Vol. air required 1 
to burn 1 vol. 
of gas 

Vol. gas 4- air . 
required per i 
100 B.Th.Us. 
cub. ft. I 

■ 

ws* 

> 

Blast-furnace 





gas , 

100 

0-715 

1-715 

1-565 

Producer gas 

150 

1-21() 

1 480 

1-387 

Water gas . 

200 

2-200 

1-100 

0-063 

Coal gas 

590 

5-440 

1 

1-100 

1-080 


For information as to the present state of 
science in gaseous combustion, see article <m 
Flame (this voL p. 206) and also reports hy W. 
A. Bone to the British Aasooiatioa, Sheffield, 
1910 and 1915. Attention is also dnim to 
the reoent revival of the subject of * suiioee 
oombnstion ’ by W. A. Bone ana C. 1>. MeCourt 
[vide Proo, Roy. Institution Mxi. Ko. 106 (1017)t 
PIP 41-^; and Howard l^aotoiM* te* 
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Arte, 19H) whereby numoroiu economies in the 
industrial application of gaseous fuels (including 
steam nusing by means of blast furnace sas, | 
producer gas, or surpluH gas from by-product j 
coking plants) may be realised. During tho \ 
waruio ‘Bonecourt’ system was aucoeaafully i 
developed for laigo gas-firod boilers (with 
‘supemeat’) for ])Ower stations, and it has 
alao been extensively applied to industrial 
fumacoH in America. Also, their metiiod of 
‘ diaphragm heating ’ by radiation has rocontly 
been suocossfulJy uppLied in tho manufacture of 
oonfectionery, etc. VV. A. B. 

FUKUOl. Tlio Japanese dyiwtutf fukugi : 
(botanical origin unknown) ha.s, at least until j 
recently, been oinployod to a eoiisidorable ; 
extent os a mordant dyostutT in Japan, it con- , 
sisU of tho wood of a tree, winch, when ground, [ 
forms an almost coiourk'ss powder, the extract j 
of which is sold in tho form of brittle rectangular j 
cakes of a yellowish-brown colour. j 

Fiikugeiin ('irHiaUf,, tho colouring matter, | 
forms minute eanary-ycilow prismatic needlos, j 
molting at 288'"-2b0'^' (i’orkin and Phipiis, (ihem. j 
Soc. Trans. 11K)4, 85, r^S). It dissolves in alkaline i 
solutions with a yellow colour and gives with 
alcoholic lead acetate an orange-yellow pre¬ 
cipitate, and with alcoholic ferric chloride a 
brown-black coloration. 

(Jrystaliiiio acetyl and benzoyl derivatives of 
this colouring matter could not b<; obtained, but 
the/>ro7?imc compound CijHioOaBrg, minute flat 
needles, m.p. 280'’, is readily prepared by tho 
action of bromine on fukiigctin in tho presence 
of acetic acid. 

Fukugetin dyes nioidilnted fabrics sliadcs 
which aru^most identical with tliosc given by 
luteolin : 

Chtomium Aluminium Tin Iron 

DulloraiiRc- OraiiBo-yellow Bright yellow Olive-brown 

yellow 

and reeemblos this colouring matter in that its 
alkaline solution is not oxidised on exposure to 
air. By fusion with alkali, fukugetin gives 
phloroglucinol and prolocalechuic acid. 

Tho dyeing properties of ‘ fukugi ’ arc 
analogous to those of weld. The similarity in 
shade, indeed, is so marked that, except in point 
of strength—for fukugi is a stronger dye than 
weld—it is impossible to distinguish betwoeu 
thorn. A. G. P. 

FULLER’S EARTH. (Fr. Tene d fouloyi; 
Ger. Walkcrde.) A term applied to a variety of 
olay-like materials which possess in common the 
property of absorbing grease and oil, and hence 
are used by fullers for cleansing woollen goods. 
They vary in colour with dull shades of grey, 

' yellowish, bluish, or greenish, and are soft, with 
an earthy' appearance. They are greasy and 
unctuous to tno touch,^and do not adhere to 
the tongue. When a lump of tho dried earth 
is placed in water, it presents a very curious 
appearance as it crumbles down to a fine 
TOwder ; and is not plastic like ordinary clays. 
ALneral<^ca}Iy th^ appear to bo mixtures; some 
approximate to kaolinite (Al,0,'28i0,,2H20) in 
compositlcm, and many may be referred to the 
'smectite * of A. Breithaupt (1841), a greenish- 
grey day frms CUly in Styria. A microscopical 
examinatloii of Wn glkih fuller’s earth, made by 
O. P. Merrill(TbeNoD-meteJlio MineanUs, 1904), 
shoved the jpMMooe of ooloiirieBS and gneniste 


yellow partioloa with very feeblo birefnngenoe,. 
ranging from 0‘002 to OH}? mm. in diaiooter« 
very little quartz could bo detected, although the 
presence of free silica is suggested by the analysee. 
The chemical composition varies widely, and 
id, in fact, no guiae to tho oommoroial value 
of tho material, which depends ratlier on tho 
physical state of aggregation. Sp.gr. l'75-2'6. 

Tho following analyses arc of: I, smectite 
from ('illy, Styna (Jordan, 1849); 11, bluish- 
groy fuller’s earth from Nuthold, Surrey (P. G. 
Sanford, (Jool. Mag. 1889, 459, 529), on material 
dried at lOO'’ with a loss of 27*47 p.c. water^ 
13*33 p.c. of all the solid constituents except 
silica, arc soluble in acid ; 111, yoUowiaU fullers 
oiirth from Nutfiold, Surrey (P. G. Sanford, 1889), 
on material dried at 100^ with loss of 29*59 p.o. 
water; 10*73 p.c. solids, soluble in acid; IV, 
from Fairborn, South J>akota ; V, from south¬ 
east of Hiver Junction, Florida; VI, from 
Decatur Co., (Jeorgia (anal. IV'-Vl by E. J. 
Hiederer, (juoUid by He Kies, I7th Ann. Rep. 
U.S. Gool. Survey, 1H99, iii. 880). 


BlOj 

AliUi 

FcaO,! 

CaU 

MgO 

KaO 

NasO 

NaCl 

PaOr, 

HUa 

H;iU(coml 

Molsturo 


I. 

11. 

III. 

IV. 

V. 

51*21 

02 81 

50*37 

58*72 

50*70 

1*2*25 

602 

11*82 

16*00 

21*07 

207 

8-78 

6*27 

4-UU 

6*86 

2*13 

7*40 

6 17 

4*00 

4*40 

4*80 

2*27 

2 00 

2*50 

0*30 


0*74 

0*84 y 

2*11 

__ 


U*UG 

0-14 

— 

— 


0**27 

0-14 

— 

— 

. _ 

0*05 

0*07 

•• 

—- 

'O^iiT'SU 

15*57 

13*10 

H*IU 

2*30 

0*00 

7*00 

100*44 

60'86 

100* 10 

08*76 

100*86 


3*14 

4'00 


5*61 

6*88 


J^'uUor’s eartli occurs as bods in sedimentary 
rocks belonging to various geological periods, 
ranging from the Silurian to the Eocene. Thn 
most important deposit in England is a bed 
8-12 feet in thickness, lying between sandstones 
in the Lower Greensand division of the Cretaceous 
system. This is worked in open pits at Nutfield 
and Rodhili in Surrey, Nearer the surface, 
whore oxidis'od, it is yellowish, but lower down it 
is bluish in colour. In Somersetshire, Qlouoes-^ 
tershire, and Doreotshire, the ‘ fulloi’s earth 
formation ’ of geologists, lying between, the 
limestones of the Great Oolite and the Inferior 
Oolite, consists of a thick deposit of clays and 
marls, with bods 2-3 feot in thickness of fuller’s 
earth of good quality. This was formerly 
extensively worked for use in tho oloth mills of 
the west of England, but now is obtained only on 
tho Downs to tho south of Bath. Still smaller 
quantities are yielded by the Lower Greensand 
strata near Woburn in Bedfordshire. 

For many years tho English fuller’s earth 
was considered tho best, and until recently 
large quantities were ex^iortod to America, 
Deposits have now been opened up at several 
places iq the United States, chie0y in Florida, 
and to a lesser extent in Gooigia, Alabama^ 
Arkansas, and California. In Gadsden Co., 
Florida, it occurs as a bed 4-12 feet in thickneas 
in bodded xlays and sandy clays of Oligocane 
(Tertiary) age. Small outputs are alio 
ro^orded from India and Australia (WiageOy 
New South Wales). 

The Enffiiah output amounts, to aboot 
15,000 tons per annum, whilst doable tikis 
quantity is now obtained in Amwica. The 
price at tiie pits ranges from 25s. to SL pat 
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ton. Tlie ottHh ae im driod, criuhod, and 
pused through fine nicvoH of ailk or bronze 
gauze. 

Although Htill uh<mI for chsaning elotlis, 
Hoouriug yariiH, and wjiwliing woollens and line- 
dyed go<)ds, fuller’s earth now finds a more 
oxUuiHivo asd iti the retining of oils,^ grease, 
and Jard. Mitu'ral oils arc dceolonsod and 
clanlied by allowiim the oil t<i jx'reolate ilirough 
long eylimhirs fiihxl with coai-scr fuller's earth. 
Vcg(!tal)le- oils, Hindi as eotton-H(3(>(l oil, mu 
wanned, stirred with h 10 p.c. earth, ainl 
ftllered through hags. 'I’ln* main pomfH to Ijc 
detennined m the vnluation of the earth in tlie 
oil industry are tlie relative' hlcaeliing pnwiu- 
ami tlio ({iiiintity of oii absorbed. For n 
method of testing fuller's earth for tiu'.se factors, 
see Uiehert, .1. 1ml. and Kng Clnuii. 1017, 0, r)fl!) ; 
Analyst, 1017, 340, Fuller's earth lia.H also 
been used in tlie inamitactiiro of pigments for 
printing wall jiajicrs. Small quantities of the j 
iiiioflt grades art' used ftr toilet jireparations. 

liefp.rcnces. ->). T. 1‘orter. Properties and 
Tewts of Fuller’s Fartli. II.S. (le.ol. Survey, Hull 
315, 1007; 11. Hii‘s, tduys. tlieir (h'ciurem’i’, 
ProjH-'rtie.s, and I'ses. iJnd ed., New Vork, lOOS; 

h. Parsons, F.S. Hureaii of Mines, Hull 7), 
1013. Fuller’s Farlli, Jmp. Min. Res. Hur. 
London 1020. i.i. d. S, 

FULMARGEN. A form of eolloid siKer. 
FULMINIC ACID ((ier. KmilhiUrr) (I: N(.)K 
The aeid iuis not been obtained in a free state 
Kcholvoin (J, pr. Clieni. |2| 32, 401) obtained an 
ctlien'al solution of tlio aeid by treating sodium 
fulminate witli dilute sulphuric aeid, kei'jnng tiiu 
mixlim' cool and dissolving the yellow oil tlius 
obtained in etlier. VVielanil and Hess (H<*r. 
1000, 1340) Imve ednlirmed this statement, and 
found that the acid rapidly polymerised to nu'ta- 
fulminurie aeid {v. tnjra). Howard first showed 
that when silver nitrate or mereurie nitrati' 
was tn^afed with alcoliol and excess of nitric 
aeid, a • cryslalline. detonating precipitate, 
fulminating silver or fulminating mereurv, was 
obtained. Analyst's of these sulistances (Liebig. 
‘Ann. Chin). j2( 24, 20S; Annaleii, 24, 540; 
(lavLussae, Ann. ('linn. 121 25, 285; Divers 
and Kawakita, Cheni Soc. Trans. 1884, 17) 
show that they arc salts of an aeid pos.scssing 
the formula IKJNO. The constitution of this 
aojd has given rise to muo.h discussion. Henselius 
wrote fulminating silver as 

• Ag,()-(AgN)pC4N,()3 

This formula accounted for the fact tliat in 
many of its reactions only half of tho metal is 
separated, also that tho double fulminate of 
potassium and silver detonates as violently as 
fulminating silver itself, the deUmation btung ' 
altributod to tho doeompo.'iition of the eompound 
AgN. Laurent and (Jemardt next proposed the 
constitution ()jN(NOg)Agj,,assigning the cxplo- 
•ive nature of tho body to tlie presence of a 
nitro group, and tho sulMoquciit oxporiinouts of 
KekuW {Annalon, 101, 200; 105, 270) and 
Schischkof! {ibid. 101, 213) apparent)^ conrtmicd 
this view. 

I^ater Kekul6 formulated fulminic ai'id ivs 
nitroacetonitrilo OHj(NO.i)CN. He based this 

^ The selective abiiorptioa of ruller’s^artli is greater 
for i^s of higher aii.gr. and visooelty and (or uiisatiuated 
hydrocortauns and sulphur oor^unds (J. £. GHpiu and 
O. K. Braaak}’, Amer. Cbem. 4. ItflO, 44, 251). 


formula chiefly on two reactions which fulminic 
acid undergoes. When mercuric fulminate is 
treated with sulphuretted hydrogen, ammonium 
thiocyariati' is produced, and with aqueous 
hydrochloric acid, hydro.xylainine is the main 
product. 'J’ho ])roduution of ammonium thio¬ 
cyanate KnggostH that in fulminic acid there is 
a (CN) group, and that tlio two nitrogen atoms 
are in dilTercnt ntak's of combination, which 
facts fit HI witli the formula proposed. But of 
the two nitrogen atoms only one i.s reproaented 
as oxidised and capabhi of couvereion into 
hvdroxylamiue, whereas Divers and Kawakita 
(('hem. Soc. 'rraii.s. 1884, Hi) have shown that 
lioth atoms of nitrogen arc so convertible. 
Stihisclikofl (Hull. Soc. ohim. 18(10, 294) doubled 
Kckule's formula. Steiner proposed 
JIO-N : H : C : N'UH 

as the coii'cct coiiliguratiun (Her. 187(), 770); 
and Scholl forimiluled fulminic acid as glyoxime 
(.'U: N-O 
peroxide | 1 

(.UIiN'D 

In 1804 Ncf found that on treating sodium 
nitrumethane with mercuric chloride, morcuriu 
fulmimite was produced, and, inureover, that 
sodium nil roim'Uuuie, on treatment with aqueous 
hydi'ochlono acid, decomposed into formic acid 
and hydroxylammo, as does fulmmic acid 
{r. aupra). On these grounds Ncf formulated 
fulmini<! acid >v.s carbonyl munoxinio C: NUH, 
and ro[»rosenU'd tho production of mercuric 
fulminate from niiromethane as follows :—^ 

Alkali < UgCH 

OKaNO,ClI.,:N(.r(>Na (('14N()'())allg 

rueuUo-iiiodillcatiou. Viistabk. 

—ri*(; 

(C:N0)aHg 

The explosive character of the fulminates is 
accounted for by tho presenco of bivalent 
carbon iu the molecule, ft was an old observa¬ 
tion, lirst noticed by Liebig, that when mercuric 
fulminate was treated with hydrochloric acid 
of a ceiiain strength, prussic acid was evolved, 
and this fact was long used to support the nitro- 
acotomtnlo formula for fulminic acid. But Nef 
showed that the comjiound formed was not 
prussic acid, but chloroformoxime, a compound 
possessing an odour similar to that of prussic 
acid. 

C : NONa+2HCl=CH(ll: NOH+NaCl 

Hydrochloric acid converts chloroformoxime 
into hydroxylamine hydrochloride; sodium 
hydroxide regenerates a fulminate (Nef, Annalen, 
280, 2(>3, (i aeq.). Moreover, nitroacetonitrile 
has been prepared by removing the elements of 
water from niethazonio acid (JjH^OjNj, and is 
found to have none of the characteristic pro¬ 
perties of fulminic acid (Stoinkopf and Bohi> 
maun, J. pr. Chem. 1910, [ii.] 81, 97, 193 ; Bor. 
1908, 1044). Scholl {ibid. 1899, 3492) applied 
Friedel and Oaft’s reaction to fulminic acid, and 
found that on gently worming mercuric ful¬ 
minate with benzene, aluminium, and aluminium 
chloride, benzaldoximo is produced, a further 
oontiimation of Nefs oarTOuyloxime formula. 
Angelico (()hem. Zontr. 1901/ii. 404) obtained 
ful^nic acid by treating a s<dation of mercuritf 
nitrate in excess of dnote nitrio acid with n 
ponoentrated solution ol malook acid and a law 
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drops of Hodium nitrite solution. Tho coorso of 
the reaction is as follows :— 

CHi(COOH)3 C : N()fi(0()OH)a 

ifoNitro&oroaluaic acid. 

-»C< : NO0H){0O()H),-»CH( : NOOH)(CO()H) 
ifoNitrumaJonio acid. ificiNitroaootic acid. 

“> OHj: NUOH C : NOH 
MoNltromethaiio. 

Wielantl anil Semper (Bor. UK)0, 2522) have 
shown that phonyhnothylnitrolK^ uoid readily 
docomposoH into nitrous acid and the unstable 
benzonitrilo oxide. 




NOH . 


• HN(),, + (.'flH5-CiN ; O 


Henue, if a similar docompoHitioii occurs in 
tho case of methyl nitrolic acid, the lutherto 
unknown nitrile, oxide 11 (’ • N : O or the products 
of its decomposition would be obtained. Wie- 
land {l.c.) has shown tlu\t the products of the 
decomposition of nud hylmtrolic acid are 
fulminie acid, fotniic acid, and iiydroxylaniiue, 
the. deconipiisitiou bcm;.! analogous to that of 
ehloroformo.xime. The unstahle nitnh^ oxide is 
probably formed lii-st and thou undergoes an 
isomeriu elianue into fulminie aeid. 

Wohler (Ber. 1U05, 11151) lias determined 
the molecular weight of fulminie acid hy means 
of tho sodium salt, whieii ean bo ])?'epared in a 
puru anhydrous state hv tlio aetion of sodium 
amalgam on mercury fulminate suspended in 
alcohol. The nunibcrs obtained by tho cryo- 
meopie method and bv determining the equivalent 
conduetivitie.s of ililute. solutions eorrewpond 
close,ly with tlie numbers reijuired for tlio mono- 
molooular formula C : N()Na. 

Jn tho ordinary method of juiqiaring fulrnin> 
atos by t4io oxidation of ethyl alephol, tho 
following changes are su]»posed to occur (Wio- 
land, Bor. mY, 418) 

OHj-CHa-OH CHa(TfO“» 0H(:N()H)'(1H() 
Aldehyde txeMtruHuacelaldehyde. 
:N()ir)-COt)H ->N()/C(: NUH)-CO(.>H 
woNitruaoacetlc acid. i^oMtrosiniltroncetlc acid. 

“» NOj-CI .N()H)H “» C:N(>H 
Methyliiitrolic add. 


The experimental evidence in favour of the 
above hypothesis is as follows : Wicland and 
Thoodorovits (Ber. 1U05, 1345) found aldehyde 
to be a more suitable agent than alcohol for the 
preparation of fulminates, the formation of 
inothylnitrolic acid from i^onitrosoacetic acid has 
been accomplished by Pon/.io (Chenv Soc. Abstr. 
1903, i. 453), WTeland has prepared mercuric 
fulminate from niethyluitrolic acid {v. supra ); 
and lastly by treating fulminie acid with nitrous 
acid, Palazzo ((’hem. Soe. Alietr. 1907, i. 489) has 
obtained methylnitrolic acid as one of the 
products of tho reaction. 

Tho older view of Kckuld os to the constitu¬ 
tion of fulminie acid has now been finally 
abuRdouod, and the carbonyl oxime formula of 
Nef has taken its place. 

Hodgkinson (J. Soc. Chem. Ind. 1918, 37, 
100, T) has pointed out that mercury fulminate 
cannot be formed in the abeenoe of nitrous acid 
or a mixture* of nitric oxide and nitrogen 
peroxide; he, therefore, represents the forma¬ 
tion and constitution of fulminie acid by the 
equation: 

CH, O : N*, CH : Nv, 


0:Nv 

+ > 0 * 
HO CH, 0:N/ 


I 

hoc=n 


0+2H,0 


j Mareurio (ulmliwle or hilmfnirttng manary 

! (G:NO),Hg. To prepare this aubatanoe on a Bm^l 
aoalo, 3 parts of mercury are dissolved in 36 
parts nitric acid ofsp.gr. 1'34, without warming. 
Tbo solution is then poured into a flask capable 
of containing 18 times tho quantitv, in wl}ich 
there has been placed 17 parts alcohol of from 
90-92 voluima p.c. Tho liquids are well 
mixed, poured back into tho first vessel, which 
is of the same size, shaken to absorb nitrous 
fumes, and tlio whole then allowed to stadd. In 
a short time gas is given off and a highly re¬ 
fracting liquit! separates at the bottom o! ttfe 
Husk. On shaking the flask to mix this liquid 
with tlio rest, tho whole becomes black, metallio 
mercury scparatiis, and a violent reaction takes 
place, which is moderated by tho gradual addi- 
I tion of 17 parts of alcohol, ('rystals of mercuric 
, fulminate separato on cooling (Liebig), 
i l''or methods of production on the largo 
I scale, Nf'c Hxri.osivics. 

Me.rcurit: fulmmate rtiay also bo produced by 
i ii'^ing nuircunu oxide for mercury m tlie above 
j jiroparation ; by boiling silver fulminate with 
j mercury anti water, or by jirocipltuting tho zinc 
j salt wjLii mercuric chloride. W'oliler and 
I Tlieodorovits (Bor. 19U5, 1345) state that 
I morcurio fulminate is also forinod whtui morcurio 
j nitrate in dilute nitric acid is mixed with 
I methylal, acetal, or liguono obtained by tho 
dry distillation of wood, but tlio acid must 
contain nitrous fumes. 

Por its preparation from oximino acotie acid, 
se.e. Wieland, Bor. 1910, 43, 33112. 

it urystallmes from liot water in white or 
greyish silky noodles uf sp.gr. 4*42 ; its gravi- 
metric density varicH from 1*3 to I‘(5, depending 
upon the size of the crystals ; iU formula is 
((1: N'0);jHg,JHj0 ; by carefully regulating the 
temporaturo and the amount of alcohol, it can 
bo ubtamed anhydrous. It is nuarly insoluble 
in cold water, but soluble in alcohol, pyridine, 
potassium cyanide, and, with docompoeition, 
in sodium or ammonium tiiiosulphate solution. 
Nioolardot and Boudot (Bull, boo, chim. 1919, 
25, 119) employ tho last-named aqueous flolu-* 
bionfi in 5 p.c. strength to dissolve mercury 
fulminate for purposes of analysis, tho impurities 
it commonly contains remaining uiidissolved. 

When heated to 180° or when forcibly struck, 
mercuric fulminate detonates with groat violence. 
Tho electric spark, or tho spark from flint and 
steel, or contact with nitric or sulphuric acids 
also bring about explosive decomposition. 
Large crystals are more sensitive to impact than 
smadl ones. When moist it may bo handled 
without danger, and when hoat^ to 100® it 
does not explode if tho crystals contain no 
enclosed mother liquor. Tho disruptive force 
of the explosion within a small space is greater 
than that of gunpowder, but too sudden for ito 
use in gilns. The ptewurc oxertod by tho ^aeee^ 
evolved in the decomposition of the fulminate 
is loss than that caused by tho explosion of 
an equal weight of guncotton, the greater action 
of the fonfler being attributed to the density 
of the compound and the great rajadity of 
the docompewition. Fulminate of mercury is 
used in thd manufacture of percussion caps and 
of the variolis detonators used for exploding 
guncotton, dynamite, and other nitro^^yoerin 
oompounds (o. Exflosivbs) 
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Concentrated hydrochloric acid roocta with j 
perfectly dry niorcuric fulminate to produce j 
forniio acid and hydroxylamine hydrocnloride. 1 
Thus: I 

CrNOH-iaH^O-HOOOH + NHa'OH • ' 

If the acid he dilute and of a certain strength, ; 
chlorofonaoximc is produced (e. an-pra). 

Moderately dduto Hulphuric acid decompoBWs : 
inorcunc fulminate witliout explosion ; hot nitric ■ 
a(iid converts it into mercuric nitrate, acetic i 
acid, and carbon dioxide. If Hulphuroitcd hydro¬ 
gen bo passed through (‘tli('r in whieli ino^curie 
fulminate is suHjXuulod, ammonium thiocyanate 
is formed (v. nupra) ; hut if tlie syetem is kept 
(roe from luointure, iiitrothioacetamido 
('ll,(N(),)(’S'N]h 

is also jinxhu'cd, aud is diK'oinjiosed by a 
further (piaiitity <»f sulj)liufc!ttcd hydrogen into 
aniinonium tliiocyaiuitc, oxalic, acid, and suljiliur 
(Htoiner, Her. 1H74, 1-44; ISTH, hlS; 1H79, 
7711). treated wit h aipiconh amnionia, mercunc ! 
fulminate yields urea, guanidine, and eomjih^x 
nitrogenous sulwtancps ; wit h nleoholie a tninonia 
fuhmmirie ai-id is tin* inutn jiroduct (iSLeiner). 

Potash, him:, and strontiii decomposo mer¬ 
curic fulminate on boiling, with tlio separalion 
of mercuric oxide and the formation ot doiibhi 
saltfl, which detonate on percussion (Liebig). 

Finely divided /ine, eopjier, or silver (the 
last in contaet witli jilutiiuim) disjdaec mercury 
from the fulminate, forming salts of zinc, copper, 
or silver. (For the aetion of mercunc fulminate 
on vahuus metals and alloys ave Laiighans, 
Zoitacb. gcs. Khicss. u Spri'iigsiofTim. 1{)2i, 
10, 108.) Mercuric lulminiiUi readily forms 
double salts with potassium cyanide and potas¬ 
sium and ammonium thiocyanates (Steiner). 

Bromine reaeU with nioreunc fulrniiiato to 
produce fiiwt of all the unstabh’ additive com¬ 
pound (CUr,: N‘())j5Hg, which loses mercuric 
bromide, uiving the unstable bromoformonitrile 
Tiir 

oxide II , two molecules of which [lolymoriHo 

. 

yOBr--Ci3r % 

toformdibromofuroxan Oy || . Chlorine 

^N-O-N 

. i-cacU similarly, but the oxidising jiower of tho 
halogen is so strong as to completely destroy tho 
moloculo, with the evolution of carbon dioxide 
(Wieland. Bor. 15)09, 4192). 

For the electrolytic estimation of mercury 
in mercury fulminate, see Losanitsch, Monateh. 
1914, 35, 307. 

silver fulminate, Fnlfninaiin// Silver 
■ C : NOAg 

In preparing this substance 1 ]>art silver is dis- 
Bolvod in 20 parts nitric acid of sp.gr. r30 and 
27 porta of 86 p.c. spirit of wine ad^od, and 
tho whole gontly hoat^ till it froths up. The 
liquid IB then removed, and 27 parts or more of 
groirit added*in order to modorato tho action. 
^Itqt fulminate eeparatoa out cooling 
(Liebig). 

Silver fulminate » not formed, as was stated 
by Liebig (Annolen, 5, 287), wh^n nitrogen 
trioxide a led into an alooholq^ solution of 
silver nitrate (Diven and Kawakita, (Jhem. Soc. 
Trans. 1884, 27), and is only produced by the 
energetic oxidation of alcohol oy nitric acid in 


presence of silver nitrate. Great caution must 
w exorcised in the preparation of this substance. 
Capacious vessels must bo used, so that the 
hquid may not boil over, us in that case the salt 
might dry on the outside and then explode ; all 
flame must be kept at a distance, lest the vapours 
should take Hrc; and tho mixture should be 
stirred with wooden rods, not with glass ro^ 
or other hard bodie.s. When dry it should be 
transferred on paper hIiovcIk, and kept in paper 
or cardboard vessels, loosely covered, to prevent 
explosion from the friction of stoppera or lids. 

Silver fulminate cryBtalliHes in white opaque 
glistening needles, scarcely soluble in W'ator, and 
having a bitter metallic taste. Given in certain 
doses, it productivS violent convulsions (Pagot-la- 
Foret), wlule in dosew of 0'3 gram it acts as a 
narcotic (Ittncr). • 

Silver fulminato is an exceedingly ^nger- 
mts body, as it exjilodes mucli more violently 
than tho iiioreury salt, by the action of heat, by 
the electnu Hjiark, hy frictmu or percussion, or 
by’ contact with oil of vitriol. It even explodes 
in the inoi>st state, somctiincs under water, by 
frietmn with a glass rod. it may bo rubbed to 
powder iii a mortar with the finger or with a 
cork, 'riio light accompanying the explosion, 
which IB host scon m tho dark, is roddish-white 
with a tinge of blue (Liebig). When ignited 
under a pressure of about 2 or 3 mm., it burns 
slowly with a visiiile flame. If silver fulminate 
bo thrown into a bottle containing chlorine, it 
deflagrates before it reaches the bottom, and 
does not fraeturo the bottle (E. Davy). Silver 
fulminate dissolves in hot aqueous ammonia, 
aud the solution, on cooling, deposits crystalline 
grains of ammonium silver fulminato 
(C:NO,)(NH,)Ag 

Tills salt is sparingly soluble in water, and ex¬ 
plodes with much greater violence than the 
silver salt, even under liquid, when touched with 
a glass rod (Liebig). Aqueous solutions of the 
hydroxides of the metals of the alkalis or alkaline 
(iarths, or of tho sulphides or chloridee of the 
alkalis, yield similar double salts when boiled 
with silver fulminate. Copper or mercury can 
displace silver wholly or in part from silver ful¬ 
minato. Zinc, oven on boiling for several days, 
displaces only half of tho silver, forming silver- 
zinc fulminate. Tho normal zinc salt is pre¬ 
pared by the oolion of zinc on mercuric ful¬ 
minate. By acting on this salt with baryta 
water, and exactly precipitating tho barium from 
tho zinc bai'ium fulminate thus produced with 
sulphuric acid, zinc hydrogen fulminate is ob¬ 
tained. By saturating this salt with metallic 
bases, many double salts of zinc fulminate are 
obtained. 

fulminate CafCNO), is a white 
powder, stable when dry, but re^ily decom* 
posed by water, in which it is very soluble. It 
IS one of the most violent explosives, and is 
nearly as sensitive to shock and heat as mercury 
fulminate. TfiaUvus fiUminaie becomes yeltow 
on exposure to light, and is the most sosceptib^ 
of all known fulminates to shock and increased 
toinperaturo, but the heat of detonation is not 
high, and its explosion is not violent. Cujmvs 
f^minate is insoluble in water, and is almost aa 
violently explosive as oadminm fal miim ta, 
al^oogh not so senaitip to shook (L. IVdhIar 
«nd Aiartin, Ber. 1917,586). 
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Fubninio acid giveis riso to a series of pol^r- 1 
nerisation products. If mercuric fulminate is j 
soiled witn ammonium chloride, a salt of ' 
Inlminuric acid is formed, as was discovered by*' 
Liebig. When the ethereal solution of fulminio 
tcid is allowed to stand, mctafulminuric acid, a 
riple polymer, is produced. When metaful- 
ninoric acid is warmed with water, it yields 
jyanwonitroHoacetohydroxamic acid, and tho 
atter can be converted into tho i«ofulminuric 
icid of Ehronborg, the constitution of which is 
itill unknown. Finally, on long standing 
netafulminuric acid changes into tho j3-t«oful- 
ninuric acid of Scholvcin. 

FULMIHURIC ACID -This com- 

:)Ound was discovered independently by Liebig 
Annalen, 05, 282) and Scluschkoll {thid. 07, 
>3; 101, 213). It is ]#oduced by boiling a 
lolution of a inot.allic chloride or iodide with 
Abater and mercuric fulminate 

40 : NOH+H30==03H,N;,U*-| 00, i-NH^ 
)0-75 grams of wcll-wushi'd mercuric fulminate 
iro boiled with 700-800 c.c, of water, 00 c.c. 
>f a saturated solution of ammonium clilorido 
iro then added, and the? whole heated to tho 
aoiliiig-point. As soon iw a yellow dciiosit of 
jxydiinorcuric ammonium elilornlo separates, tho 
lame IB romovod, and ammonia ailded till all 
tho mercury is preeipilatod. On iiltcring, 
svaporatmg tlio iiltrate, and reuryatallising tho 
first crop of crystals, pure ammonium fulmmur- 
Bte is obtainoti. Hy converting this into tho 
bosio load salt by treating with load acetate and 
Lhon precipitating with sulphuretted hydrogen, 
Bn aquooussolutionof fulminuricacid is obtained. 
This, on evaporation and standing in a warm 
place, Holidilies to an indistinctly crystalline 
mass, which, dissulvod in alcohol, deposits on 
evaporation colourless prisms of fulniinuric acid. 
The potassium or ammonium salt may bo 
converted into tho silver salt, which may bo 
decomposed by hydrochloric acid, yielding free 
fulminuric acid. Another method of projiaring 
fulminuricacid is that of Ulpiani (Gazz. chim. ital. 
1006, iii. 357). Succinamidodinitrosoporoxide, 
obtained by the action of fuming nitric Itcid on 
Bthylacetoacotato and subseijuent treatment with 
concentrated ammonia, yields an acid which 
Ulpiani has proved to be identical with 
the fulminuric acid of Liebig, and also )3- 
Mofulminuramide. The latter yield* ^-i«ofuU 
minuric acid on hydrolysis. Fulminuric acid 
decomposes on heating with a slight de- 
Bagration at 145'" (Steiner, Ber. 1872, 381), 
Bnd by heating with dilute acid or alkalis 
decomposes into oxalic acid, ammonia, and 
carbon dioxide. It appears to bo monobasic. 
The constitution of fulminuric acid is .«till 
tiBcertain. Ncf regards it as nitrocyanoaceta- 
CN-CH'NOa 

uddo I (Annalen, 280, 329); while 
HOC^NH 

Ulpiani (he.) represents it as tsonitrocyanoacet- 
* CN-C:NO,H 
unide | 

0:C—NH, 

Ammoniiun fulminimte forms anhydrous 
monocUoic cryataJa, which blacken on heating 
tiid give off hydrocyanic acid, ammonia, and 
7AIUC arid, wfaMh latter partiaUy unite to form 
uaa (liebig). 


Fotauillin fnlmlniinte* To prepare Uus 
salt two ports of merourio fulminate are gradia 
ally added to a saturated solution of one part of 
potassium chloride, and the mixture gently boiled 
till-the whole is diwolved. The liquid is filtered 
! through a hot funnel from a yellowish prccipi* 

I tato which appears, and the compound of mer* 
curio oxide and potassium fulmmurate, which 
' separates in tho nitrate, is freed from mercury 
! by sulphuretted hydrogen. On I’ecrystallising 
1 from water, potassium fulrninurato separatee in 
: long glistening prisms, which decompose with 
! incanoesconce when heated to 225° (Schischkoff). 

! Silver fulminurate may bo obtained by heat- 
! ing ammonium or potassium fulrninurato with 
j silver nitrate. It is almost insoluble in cold 
water, but jnay be rtKTvstalliscd from boiling 
water in long very thin needles. Heated with 
conceritrateil hydrocliloric aeid in sealed tubes, 
at 110°, traces of the oxides of carbon are pro¬ 
duced ; ono-third of tho nitrogen goes to form 
hydroxylainine hydrocliloride, and tho other 
two-tliirds ammonium chloride (Ehronborg). 
Under ordinary pressures at 100° the action is 
complicated. 

The fulmiiiurutis of calcium, barium, stron¬ 
tium, iron, and lead may bo obtainetl by double 
decomposition from ammonium or potassium 
(ulminuraU». On heating an ammoniacal solu¬ 
tion of copper sulphate with fulminuric acid, 
dark'blui; prisms of ammonium copper fulminu* 
rate are deposited on cooling. By passinj^ hy¬ 
drochloric acid gas through alcohol containing 
potassium fulrninurato in suspension, Schisebkon 
obtained an oil which ho considered to be ethyl 
fulrninurato. This body is, however, not an 
ethyl i^alt of fulmlnuiie aeid, but has the com¬ 
position C4H8EtNOfi. It readily forms additive 
compounds with ammonia and tho aminea 
(Ehronborg, l.c.). According to Siodel (Bor. 
1892, 2760), fulminuric acid forms two series of 
ostors, tbo oxygen otliyl ester melting at 133® 
and tho nitrogen ethyl ester at 165°. • 

Metafulmlnurlc acid, Uocyanuric acid 
OjHjNaOj. It is obtained by tho spontaneoufl 
polymerisation of fuhninic acid (?.v.). It is 
best prepared by trtiating chloroformoximo with 
a small quantity of sodium hydroxide or with 
aqueous ammonia in tho cold (Wieiand and 
Hess, Ber. 1909, 1346). The hydrated acid, 
containing probably 2 moleoulee of water, melts 
at 86°-86°, and the anhydrous acid at 102®. 
On standing, metafulminuric acid changes into 
S-idofulminuric acid. The constitution of meta- 
nilminuric acid is still under discussion. Wieiand 
and Hesse {l.c.) consider the hydrated arid to 
be twnitroso i«o-oxazolono 

/UH C : N-OH 
Nf 1 
^0—C; N-OH 

whilst Paibzzo and 'Bamburello .(Ohem. Zentr. 
1907, i. 26) assign to it the constitution . 

Cyanimnltoioacetohydroxainlc aeM, or vti- 
minocyanoMetohydroumle mU 

C,H,0,N,+3H,0, or 
HON: C(CN) C(OH): NOH 
is obtained by wuming metafttlminiirip acid 
{•with water. It is loepared by tcea^ig, an 
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ethereal aolutiou of cliloi’ofojnioxiiuo with Btaall - 
quantities of ammonia, until the odour of the | 
latter rcmaiiiB. The aniinoiiium salt is doeom- ! 
posed with liydrmlilorii; acid, and the acid, : 
which cry;4talliMOK from other in colouricHS cube«, 
raell^i at 117''-118" (Nef, Annalcn, 2S0, 324). 

Cf. Ulpiaiii {{> 0 ./:/.. chiiii. ital. 1011^ 4(i, i. 1), 
who dwcuHscs tJic coustitutioii of tin; fuhninuric , 
acida and di'Hcnlx.'H a numhor of their dorivativea. 

i.soIulmlnurlC acid CjHaNaOj of Ehrenberg 
is obtained by treating cyaiownitroHoacetoliy- 
(Iroxamic. ikcid with aininuiiiu. It is a powd(‘r, 
and chars without melting when lu'ating (Nef, 
l.c. ; Ehrenberg, J. pr. (’lieiii. [21 30, 55). 

0-/«oIulminuric acid wuk obtained by Sehol- 
voin {tbid. [ii.J 32, 401). He treated Hodu*in 
fulminate with dilute Hulpliurn- acid, and allowed 
the inctafulininunc aeiil thus foiiin-d to stand 
for Honn^ tune. Ulfiiani (da//., ehun. ital. 1005, 
iii. 35, 7) obtaiiK'd the amide of thin a'ld by 
treating Kui’Cinaniid(Hltndrosojieio\ido with eon- 
contrated aimnonia. ’J’he ainid(! lias the con- 
NJ1/C:N- 

Btitution )0. and the acid is 

NH.dOd’-: N' 

obtained from it by hydrolysis. ^Vholl iiiihy- 
drouH, the acid melts at iOd''’ wit h decomposit ion ; 
the hydrated acid inclUi at 1HS‘'. 

FilMARlC ACID and MALEIC ACID 
iUM’Otdl ll-(H.100H 

I! and 1! 

COOH'Cll H‘C-('OUll 

'J'liOHe two unsat uraied acids are regarded 
BtereoisomerK, and bi'caimu of the reudhuvis w’ith 
which inaleie aeid forms an aniiydride, maleic 
acid is rejiriwented os the c>,i- moditicalion, and 
fumarie, which forms no anhydride, as the OriiiiV- 
modilicatioi). Interesting coiitinnation of this 
irt shown by the formation of maleic acid on 
oxidising Ixmr.oipimono with nascent silver 
peroxide (KemptT, Err. ItlOli, 3715). Maleic 
aeid ehlorido is a very reactive conifiound, 
and an asymmetric structure is attributed to it, 

uccu 

• 11 The chloride of funnaric acid is much 

IICCCI 3 

lass reactive (Ott, Ann. 31)2, 245). These two 
unsaturated dibasic acids may be obtained by 
heating malic aeid : 

OH(UH)-COOH 

I .H2(C00H)24-H..(); 

CHjCOOH 

maleic anhydride C’lHjOj distils over, and 
fumarie acid remains l)ehmd in the retort. By 
rapid distillation at 110'^-140‘’, maleic anhydride is 
obtained as chief product; by heating for about 
40 hours to 150", fumarie acid is mainly formed. 

Both acids when troati'd with nascent hydm- 
ffon yield Buccinic acid. Both uniU' with hydro- 
uromic acid to form monobroino.succinic acid. 
But fumarie acid unites Vith bromine to form 
dibnimosuceinic acid, whilst maleic a<;id give^ 
•wdibroniosiiccinic aeid. Potassium perman¬ 
ganate oxidises fumarii; acid to racemic aeid; 
madoic acid is converted into mes^ortaric acid. 
Fumarie acid is much less soluble in water than 
maleic acid. 

Fumvie acid occurs in various jdants, as 
in the common fumitory (/tiwantt officinalis 
[linn,]), in Corydalis Iruimuo, Glaucittm flavum 
(Cr^Qtz), Cefrorta iafandica (Ach.), Euphor-, 


biacoa) Clytia similis, and in varieties of 
Agaricus. It is also fonned during tho growth 
of lihizopus nigricans in dextrose-containing 
media. It ociuirs in fresh l)cef, as an oxidation 
product of succinic acid (Zeitsch. physiol. 
Chem. 90, 301). it can bo prepared by heating 
halogen substituted succinic acids (Brunner 
and (Jhuard, B(;r. 1897, 201 ; Hwarts. Zoitscl^ 
Chmn. 18(i8, 25) ; by reduction of tartaric 
acid (I). li. P. 254, 420) ; by condensing malonic 
with glyoxylic acul m presence of pyridine; 
and from maleic acid (f;. injra). When boated 
in a sealed tube it melts at 280 -287" (Michael, 
Bor. 1895, 1()3) ; sp.gi. 1 •<325 (Tanatar, Chem. 
Sue. Abslr. 1893, 1 . 11). it erystallisca in small 
prisms, which sublime at 200" without decom¬ 
position, but by distillation is converted into 
maleic anhydridi* ami water. Eumaric acid 
fofnis no anhydride of its own ; all processes 
of didiydration eoiivcrt it into maleic anhydride, 
wliK'h unitc.s with water to form maleic acid. 

Euyiai’ic uenl is converted into maleic acid 
by ultra-violet light, and also under tho inHucncc 
of radium rays. Eumaric acid on heating in 
luiueous solution is converted to malic acid, 
tile change being a icvtu'siblc one (James and 
JumvH, Tians. Clicni. kSoc. 1912, 1158). 

Maleic acid lias never been found to occur 
in nature, and is best obtained by heating 
malic acid with acetyl chlornl(\ and decomposing 
the acetyl nuilcic anhydride into inaloic anliyUrido 
and acetyl chloride, and tlicn lieatmg the anhy¬ 
dride with water. Itcariftlsobi-jiicpared by heat¬ 
ing fumarie acid {r. siiprn), or by treating u 
mixture of the vapours of benzene and benzo- 
qujuonc by oxygen under pressure in presence 
of vanadium oxide (Weiss and Downs, U.S. 
I’at. 1318032). It forms large prisms or tabular 
crystal?, very soluble even in cold water, 
m'.p. 130'^, b.p. BK'", docomposiug for the most 
part into anhydride and water. Maleic ^cid 
Is converted into fumarie acid when it is 
iioatcd for some time at 130° or in scaled tubes 
at 200°, when it is treated in tho cold with dilute 
mineral acids and certain organic acids, with 
Hulphurettexl hydrogen followed by sulphur 
dioxid^, or witu bromine in sunlight. Even 
at ordinary temperatures, and in the dark, 
its aqueous solution is slow’ly converted into 
fumarie acid. By heating th(‘ esters of maloic 
acid with iodine,* tho esU*re of fumarie acid are 
produced. • 

Maleic anhydride is a white crystallino solid, 
melting at 60° and boiling at 196°. 

FUMARINE. ITotopone (r/.c.). 

FUNGICIDES V, Disinikctants and Plant- 
sprays. 

FUNGISTEROL v. Eroot. 

FURFURAL, Furfarol, Furfvraidckyde, Pijro- 

CH=CHs.^^ 

tMicic aldehyde CftH 40 j, | first ob- 

CH=C;0HO 

tained by Doberciner by distilling sugar with 
nianganedo dioxide and dilute sulphunc amd. 
It may bo prepared in small yields by heating 
sugar with dilute tartaric or lactic acids, or 
simjily by heating with water; hence it ocean 
ill broworH’ wort' and somotimcfl in the finished 
boor, also forming a constituent of fusel oil 
from the distilleriee. Is produced during tho 
heating of madder with dilute sulphuric acid is 
the preparation of gpfhncin; during the dry 



distillation of oak timber; and by heating starch ; 
at 200°. It is a constituent of many essential 
oils (Schimmel). Best prepared by distilling ' 
bran with dilute sulphuric acid and fractionating 
the distillate. 

(’olourless liquid ; b.p. 101° ; smelling of oil 
of bitter almonds and oil of cinnamon; sp.gr. 
ri504 at 20°/4° ; --1*5180 ; soluble in 11 

parts of wat«‘,r at 13°. 

Reduces silver oxide with formation of 
yromucic acid. Sliows a striking similarity to 
onzaldchyde in its n'aotions, forming furfur- 
alcohol and pyromucic acid with caustic potash, 
furfoln with potassium cyanide, dyestutfs with 
derivatives of aniline, &c. 

The nrdhanc is a very chann^tcrlHtlc deriva¬ 
tive, nrystallising in neialles, m.p. 109". which 
may be sublimed. Tiie nemicarbazonc melts at 
202°-203‘’. 

Owing to the jircKencc of furfural in bc'cr imd 
spirits, many metluHis have been devised for its 
deUx’iion. One of the most soi^it.ivt* firsts is 
with colourless auilim*, absolute alcohol, and 
eitherhydrocliloric or glacial acetic ucid,a eliorry- 
red coloraUon being jirodiu'cd, the amount of 
fiiHural proHonl being estimated by the dejith 
of colour (J. Amer. t’hem. Soc. itiOO, 1029), 
Other nu'tliods of estimation are : precipitation 
with phloroghicin and hydrochloric acid (Weibel 
and Zcisel), and tlio projiaration of the insoluldo 
scmioxamar.itU'. 

FURFURAN, yurait, Tdrol, TrfrapJicnol 
CH-CH. 

I 

CH Clf/ 

Is a fairly stable etlier compound, obtained by 
the distillation of the barium salt of jiyromucic 
acid with soda-lime; by the distillation of 
calcium succinate; or by heating succinic 
dialdehyde with water at 180°, Beat prepared 
by licating pyromucic aeiii alone in a tube at 
200°-275°, as’the barium salt produces olso the 
hydrocarbon (FiPundlcT, Compt. 

rend. 124, 11.57). 

Appears to be contained in the volatile 

f iortions of pinewood tar. Colourless liquid, 
)oiling at 32° ; insolulilc in water, • readily 
soluble in alcoliol and ether. Acids convert it 
into pyrrole-red ; metallic sodium and alkalis 
do not attack it. (kilours a chip of pinewood 
moistened with hydrochloric *oi<l an emerald 
gn>en. 

By nitration in preseneo of acetic anhydride, 
a monoaoetin of nitrosuccinioaldchyde is 
formed, which reacts with pyridine, producing 
N(ia‘C=CH\ 

nitrofurfuran ; m.p. 28° ; | '',0. 

cir=CH/ 

FURFURINE Prepared from : 

furfural by first making the amide witli the aid ; 
of ammonia. Furfurainido is boiled for 15 \ 
minutes with very dihite caustic potash, and i 
the furfurine which w^parates is dissolved in , 
excess of boiling diluto oxalic acid. The so- 
formed dioxalate is collected, and again dissolved ' 
in 100 parts boiling water, and precipitated with j 
ammonia (Bahrmann, J. pr. Chem, [2] 27, 313); ' 
white needles ; m.p. 116° ; veir sparingly soluble 
in cold water, but approciablv soluble-in hot; 
re^ly soluble in alcemol or ether. It is a mono- 
acid base, and the crystals turn brown in moist 
air. Expels ammonia from boiling solutions of 


ammonium salts, but is itself precipitated by 
ammonia from its salts in the cold. 

When heated with sodium, i/wfurfurine is 
formed. Forms a nitrosamino CijHi,(NO)N^O» 
by acting on the sulphate with very dilute 
potassium nitrite, and this exists as golden 
triclinic crystals; m.p. 112° (Sohiff, Bw. 11, 
1250). 

FURFUROIDS arc a group of compounds 
closely related to the jK'ntcwos and pento¬ 
sans, dislinguished by yielding furfural as a 
characteristic product of decomposition on 
treatment with acids (Cross. Bevaii. and Smith, 
('hem, Soc. Trans. 1897, 1001). 

FURFUROL V. FuuKURAr.. 

FURNACES FOR GENERAL LABORATORY 
USE. Fig. 1 shows a Plotcher’s gas muffle 



Fia. 1. 


furnace affording high temperatures without an 
air blast. With the use of a suitablo prossuro 
governor, fairly con.stant lemporaturea may be 
obtained. The furnace can be used for heai- 



Fio. 2. 


ing procipiti^tes, fusions, roasting of ores, and 
similar laboratory operations. crucibles 

which have to be weighed are heated, a sheet of 
asbestos cloth should be placed on the floor of 
the muffle. • 

A Fletcher*8 muffle furnace (Fk. 2), bi whkb 
^ petroleum is used as fuel, is dengn^ for use 
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where gas is not available. With the bamer 
shown* the necessary air-blast may be obtained 
by a foot blower; or an automatic petroleum 
humor may l>o «««'!. which diaponaos with the 
use of an oxterjml supply of compressed air. 

Fig. 3 shows a Fletcher’s injector furnace, 



h'jo. 3. 


which is odlcient and rapid in working. For 
ortlinary jnirjxwoH, a fnot blower is used, but 
for very high toinjjornturnH a blower driven by 
]jowor is prehu'able. (last iron can readily be 
fused in this furnace, 

A fiinmeo of sirndaT sliape l.o tliat shown in 
('■'ig. 3, but with a modiliod burner, is used 
whoTf^ extremely liigli tmnjionitumH are required, 
a Btixmin'of oxygen being eniployi’d instead of 


the usual air blast. In order to prevent ^ke 
perforation of crucibles by a small but extienraly 
hot flame, the burner is so designed that the 
oxygen is mixed with air before it enters the 
farnaco, a more diffused flame being thus 
obtained. 



Fm. 4 (a). 


An exceedingly useful furnace designed by 
Flotclier is shown in Fig. 4 {a and 6), This 
furnace works (uther as a draught or blast 
furnace witli tlie same burner, and may be used 
for any temperature nj) to iho fusing-point of 
ilio Ciusing. li is udajiied for crucibles, muffles, 
tubes, cupels, distillation by doscension, treat¬ 
ment of refractory subst.ancos with gases at 
liigli tornperaiures, small forgings, roasting of 



Fia. 4 (6). 


ores, &c. When used os a blast furnace as with a blast, for wliich the same burner is 
shown in the ligun^, an empty crucible can bo employed, of melting cast steel. It may bo 

raised to the fusing-point of cast iron in 2 ornployod as shown, or one or both doors may 

minutes, starting all cold. For use as a draught be arranged to receive a muffle, so that the 

furnace, the plug c is removed and replaced by furnace may lie used for muffle or crucible 

a chimnov, when a crucible may be IicaU'd to 
bright redness in 10 minutes. tKo furnace may 
idao be turned on its side, when the doors a 
and B become the fi-ont of a muffle furnace. 

A furnace in which magnesia is used as the 
refractory material, and designed to employ | 
the oxygon-coal gas flame is mode by Merck. 

The burner is provided with a water jacket; 
and the mixed gases, whioh are projected 
thidugh the bottom of the fumac^ are so 
direoted that the flame dbes not ^ay directly 
on the sufaataaoe in the crucible. The employ¬ 
ment oi magnesia for the parts most exposed 
to tlw fimne, admits of the use of a very high 
teiBpetatnre. . : operations, or for both simultaneously. Perrot’s 

S ahowa a Fletcher's reverberatory furnace for heating cruoibles by gas is described 
bflsnKoe ayaiiable for all general laboratory | fully in Bull. Soc. chim. 1667, 7, 332. 

. ■ iWitk * and eoMlde, when workiiu with a 1 A furnace designed by Rbnler (Zeita<^ anL 
<ii producing a clear yellow heat above j Ghem. 1686, 85; Dingl. p^y. J. 2^ 79; J. Boa. 
' ^l9%BQg'pcnnt of flne silver, and when worked | Chem. Ind. 1684,612) fc^mtMisely heaBagimaU 
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eraolbles employed In <^emioal analysis is shown 
in Hg. 6. Cold admitted in carefully 
* regulated quantity 

- I—n at e to the burner 

WamJ^S a, i>eoomos heated 

t during its passage 

p I around a jacket, d. 

HiTtTI K Combustion takes 

‘ Ho 1 \o / § Ki g place within a 

y ^ muffle, r, surround 

7 Ip I ing the oruciblo h, 

®| I *—i-J^ and the combustion 

I I r n r-= J products pass out 

< /n\ through the cover 

f ^n • W of the muffle and 

gf'' / \ through a chimnev, 

\ J1 0> drauglit in 

\ which is assisted 

_ _ V—^ and regulated liy a 

j, • Hoeond burner. A 

soni(5wlmt similar 
amingemont lias 
boon dBHf!ril>ed liy ITomnel (Zeitsch. anal, ('lioin. 
1877, 4r>4). A simple form of erueihle furnace 
using gas has been described by ]tob<Tts and 
McDermott (,T. Amer. Clioni. Soe. Ibll.JlIl. 507). 

Fig. 7 shows a Fletcher's furnace, which, ! 
although primarily designed for oiganic anaJssia. 


The cylindOT h is perforated with holes ooo« 
tainioA email tapenng nosslee, e, and is lined 
with nre>olay shaped as shown. When greater 
sparse is roquirod lor fuel, &c.^ a hoop, A, nu^- 

placed around the top of iiho cylinder o. 
It consists of a strip of sheet iron, in one end of 
which are two holes, *, whilst in the other end 
is a button which may bo inserted in either of 
the holes, so that the hoop may fit ovor the 
cylinder b, or, when not in use, over the outer 
cylinder. The blast is suppUod at / by a 
fluiall bellows. 

The electric furnace slvown in Fig. 9 is 
specially adapted for fusions on a small scale, 
and for the jiroduction of high local Winpera- 
iuros. The process con bi' watched ir^m 
beginning to end through the mica doors, the 
eyes being protected by blue spootaclee. The 
furnace consists of an iron muffle lined with 
fire-clay. The block h can bo raised or lowered 
by means of tlie set-screw c. On this block 
stands the (Tueiblc, made of lime, magnesite, 
Hiv., according to the purpose required. The 





will be found very useful for many other 
laboratory 0]>eration8. Tho burners are placed 
in front of the furnace, and clear from all 
falling dirt, and since these are made of brass, 
there is no ironwork to rust. Tho furnace is 
made in (l-iuch soctions, and can, therefore, bo 





built up to any length. The body of the 
fnnaoe is made entirely of fire-clay.. 

' Sefatrdm’a portaUe furnace for use with 
is shown in Fig. 8. It oonsute of an 
^lindar forming an air chanfber around 
* flyniiaer, 6, fixed in position by a fiwge, g. 


cables / and /' convoy tlxo current to the 
electrodes, a and a*, which can bo adjusted by 
means of tho regulating wheels e and c'. The 
mica doortf permit of easy access to the interior 
of tho furnace. In this type of furnace the 
heat is generated in a chamber of practically 
non-conuucting material, and since no cold gases 
arc introduced, extremely high temperatures 
may be product in the crucible. 

In the tube furnace shown in Fig. 10, the 
heating body consists of a tube of highly r^ao* 
tory porcelain, around which is coiled a ribbon 
of very thin platinum, which makes a oloaar 
contact with the porcelain and lasts mu^ 
longer than platinu;n wire. A temperature of 
1400*^ can easily bo reached, but above this 
the porcelain begins to conduct electricity, and 
on electrolytic action is set up between the 
platinum aad the tube, which will eventa^y 
cause breakage. In the figure the furnace u 
shown mounted on a tilting hame for use hi 
any position. It may be <mtained wound for 
any supply between 65 and 260 volte. In nsiBg 
the furnace it is necessary to pi^ atienthm £ 
the following points t (1) No cold object most 
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be brought into contact with the tube while it so lined. The temperature obtained is Mre 
is incandescent. (2) 'J'hc furnace should not uniform than that produced by the gas blow- 
be kept at its maiimum temperature longer pipe, and the use of Mub furnace entirely pretrente 
than w neciwBarv (3) A .suitable resintancc the damage, which, particularly in the analysis 
should Im coiinected up with the furnace in of phosphates, iB caused by the reducing ga^, 

U) a platinum cnmiblo iioatcd by ga8. 

ampiroi, and tho platinum rcflistance has an 
av<5rage life of about 8fK) burning hours. 

An cloctncal cruriblp furnace in which the 
])lat|nuni rcHiHtancc is replaced by a common 

from oxidiHing by a packing of 
powdot'(>d charcoal, which ih ]){accd in the space 
Bbctwcfui th(‘ actual furnace and the outer casing. 

'I’hc fiirnaco is 50 mm. diamclAT and 80 ram. 
% diH'p, and can b(^ conncctcid directly with the 

m % ligliting circuit without any rwistance in series. 

m The jitlicimii^^ the Juirmco is^ high, and a 

t ^ (Tucihlo furnace in which the boat is 

gcncratofl hy the* piusnagi' of an ch'otric current 
t hrough a rosistanco of granular carbon, is made 
. I l>y Merck (Fig. 12). Jn order to withstand very 

!'■ ' i high tcmporatui’PH, the parts most exposed to 


order to onsuro gradual heating, arid to provides 
a means of regulating the tomporaturo. 

Fig. 11 shows an electrically lioated crucible 
furnace, in which the heating resistance consists 
of platinum wire einbodded in a suitable lire- 
clay. Ih'^he furnace is dcaignod for cruciiblofl of 
a capacity not oxci'edmg 30 e.o., and the tom¬ 
poraturo obtained is about 1050”“ 1100°. Inside 




the furaaoe the crucible leste upon a small 
stand of refractory porcelain; but if the 
contents the crucible are moist, and it is 
requited to heat them slowly, the« crucible is 
suspen^d in such a way tliat only the lower 
part u witliin the furnace. For quantitative 
work, the furnace cover can bo coated with 
platinOm loil in order to prevent ^bipe of fire¬ 
clay iron falling into the crucible, and in 
special oaMS the whole of the interior may be 


a, b, Case; c, copper plate; d, bolt; «, terminal; 
/, carbon block ; g, resistance ; h. crucible stand ; 
i, moimeslic ring; /, lieatlug chamber; m, n, 
rings of magnesia; o, annular electrode; p, large 
cover; q, small cover, 

the heat art> made of magneeia, which is also 
used as a packing to minimise loss of heat. 

: When using the maximum amount of energy 
(about 8000 watte), the temperature approaches 
the melting-point of corundum. 

An oloctrically heated tube furnace (Fig. 13) 
is deecribed by Blount (Analyst, 1905, 30, 29), 
in which the resistance consiste of loosely packed 
retort carbon mixed with a suitable quantity of 
siloxicon. Tiie eesenti^parts of furnace 
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arc two concentric fire-clay tubes, surrounding, 
but not actually tonching, that part of the 
porcelain tube to be heated. The reHistanco 
material is packed between these two fire-clay 
tubes, the current i)cing led in by means of an 



yiQ. \:i. 


A, damps; li, uslicHtoR doth ; C, copi>or tcrniiiialK ; 
F, llrc-day tubes; D. pjc<«‘H ol llre-di;y , R. resistance 
mixture ; r, i)orcdiiin tube ; i?, urulito (IIbcs. 

annular copper disc at each end, which in pro¬ 
vided with a short cyhiidncal j)roj(>ction iitting 
closely in between tlui tw<i ttibes ho as to make 
good contact for the resintanco material. The 
two tnl)CH which form tli(\ furnaet* jjroptu' are 
surroundtsl hy two other wider lij'e-elay tuheH 
whicJi Hcrvo merely t(» insulate llie heat.' 'Flo'y 
may be covertMl witli aslMwtos wrajnting still 
further to retain the Iu>at. 'J’lie ends of the 
furnace aro made of uralite diHcs, whi<-h also 
support the tul)o to he lieated. With this 
apparatus, a piece of copper wcughing from 1 to 
2U grams can be fused in about bS imriuteH. 

A simple electric laboratory furnaet' with 
resistor of duetiJo tungsten or molybdenum 
wound on an alundum cyhiKhir low been 
(le.scribod by Winno and jianUtizen (Mot. & 
*('hom. Eng. 1911, 1), 637; if. Soc. (!hem. Ind. 
lull, 30, 12t>4). The temjiorature can be 
raised to 1700'’, nt which a eiirrcnt of 26 volts 
and 45 amperes is ref(uired. 

For temperaturw up to 2100'’, electrically 
hoatod fumacoB aro made m which a current of 
600 amptree and 6 volts is led through a thin- 
wallcd tube of pure iridium, but tho (‘xtremely 
high price of this metal greatly limits the use of 
these furnaces, 

^ For other forms of electric furnaces, see 
Pring, The Electric Furnace, Ixmgmans, 1921. 

For descriptions of electric vacuum furnaces, 
see (Joecko, Mctallurgie, 1911, 8, .«ti7; nUo 
Slade, Proc. Iloy. Soc. 1912, A, 87, 519; Wolf 
and Miillor, Zcitsch, EleKtroehem, 1914, 20, 1 ; 
Ruff, ibid. 1914, 20, 177 ; OeHtcrheld, ibid. 
1915, 21-54. 

Furnaces employed for particular punxwos 
will be found deseribtHl under spe'cial hoaclings, 
Oft Assaying; Aluminium; &c.,Ae. 
FURUNCnUNE v. Synthetic drugs. 

FUSEL OIL. FerjnenUition amyl alcohol, 
Poiaio oil, Grain oil, Marc brandy oil. (Ger. 

; Pr. Hvile de. pommes de terre.) The 
mixture of alcohols constituting this subatanco 
is produced in comparatively small quantity in 
the alcoholic fermentation of most bodies con- 
taini^ sugar, the laigest proportion being con- 
^ned in the alcohol prepaid from potatoes, 
while in the alcohol from the ‘ marc * of grapes 
from beetroots, grain, &c,, smaller quan¬ 
tities are found. 

Fuse! oil consists mainlv of two alcohc^. on^ 
Vm- ITT_ T • * ^ 


of which, tAo-butyl oarbinol, or sso-amyl alcohol, 
or inactive amyl alcohol (CHB),CH'Cli^UH, OH, 
is optioally inactive, while the other, secondary 
butyl carbinol or active am^d alcohol 
(’.HjCHaCHCHa-OH, 

rotates the j)lane of polarised light to tho left 
.Hufiiciently to render fusel oil strongly la>vo- 
rotatory. ‘I’ho following alcohols are said to 
hav{! be«‘n Hpparated from fusel oil■ 

Ethyl alcohol . . 

Normal propyl alcohol CaHadlHa-OH. 


i.fol*ropyl 
Normal butyl 
rdiutyl 

Tertiary butyl 
Active amyl 
huictive mnnl 
.Methyl normal propyl 
carbinol 

Nonrijil j)rmtar3'’ amyl 
alcohol 
A primary hexyl alcohol 

h(^j>tyl ,, G-llij'OH. 


(CHalgCH-OH. 

(GH,)aGH(jn,On. 

(GH.,)sGOII. 

G.Hs(Gir3)OltOKaOH. 

(('H3),GHGH2GH/0H. 

GH3(G3[[t)GH-OH. 

G,II„-OH. 


Eorniic, acetic, propionic, hiityrio, valeric, 
caproic, ennanthic, cuprylii.', pclargonic, and 
cupric hckIh have been found in fusel oils, and 
ethyl acetate and oilier esters and various 
aidcdiydcH arc also present. * 

The comfiosition of fusel oil depends on tho 
source of production, the nature of tho ferments 
{vide ivf\a), and tlio method of distillation. 
Tiiat from grain or jiotatoes consists largely of 
amyl alcohols with ethyl alcoliol, tho inootivo 
amyl ah^ohol being the principal constituent. 
'Fho fusel oil prepared in tlie South of France 
from tho marc of brandy contains normal 
propyl iili'oliol in considerahle quantities, while 
that obtained from tho licet rontains a iaigor 
proportion of tisobutyi alcohol. Also the fer¬ 
ment in brewer's yeast {Sacchuromyces cerevisicB 
[Moyer]) appears to favour tlio production of 
t«obutyI alcohol, whilst Snr.cluiromyces ellipsoidea 
(Rocss.) (from tho grape) tends to produce normal 
butyl alcohol. Higher alcohols are said to be 
rapidly produced alter fermentation ceases, and, 
therefore, the higher alcohols tend to increase the 
longer tho interval between fermentation and 
distdlation. This may be due to some organism 
other than yeast becoming active after the yeast 
liaK done its work. 

The proportion of fusel oil obtained during 
fermentation is also modified by the condition oi 
the mash. Alkaline liquids, particularly when 
warm and containing large quantities of sugar, 
promote its formation, while acid liquids, espe¬ 
cially when containing tartaric, racemic, or citric 
acids, are said to prevent its production. The 

E rosenoe, in any quantity, of tartar or certain 
itters such as that of hops also prevents iti 
formation, bo that wines, &c., are usually free 
from fusil oil. According to Lo Bel (dompt. 
rend. 96, 1368), pure sugar fermented with 
yeast yields loss of these alcohols than wine or 
oeer. Obviously a larger proportion of higher 
alcohols is lAcely to occur in spirits distiUed mm 
a pot-still than when highly rectifying appliances 
are used, os in patent stills. 

Fusel oil is contained principally in tho aloO' 
holic distillat& commencing to come off at 105"— 
125" and ending at 132°-137". Between 105" 
and 120" most oftbe »M>butyl alcohol is obtained. 
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while the amyl alrahota dintil principally between 

128” and 132°. ^ 

According to Rabutcau (Corapt. rend. 87, 
600), the following reprowents tho percentage by 
volnmo of tho principal confltitucnte of potato 
oO : — 

wol^rojiyl aU’oliol 
Vropyl 

Normal butyl alcohol 
t/<t)Butyl 

Inactive amyl „ 

Aetivo ,, 

J’roducts boiling above 132 and 
retaining amyl alcohol . 

Etliyl alcohol, ethyl acetate, and 
ftidohydo 
Water . 


15-0 

3-0 

tiT) 

r»-o 

27-5 

11- 0 

17-n 

7-5 

12- 6 


100-0 


(3) 

3! 

2fi 

43 


Later obaervat ions, liowever, do not conlirm 
Rabnteau’B Btatcment that fund oil eoutaine ; 
Mopropyl alcoliol. , , i 

According to Ulrx, tho distillation of fusel 
oil produced iriun (1) beet, (2) potatoes, (3) grain, 
gives (roughly) tho following percentage by ^ 
volume.- ' 

80‘’-llK)4 (principally propy' 
alcohol) . . • .13 13 

100"-13(1" (butyl and amyl 
aleoliols) . . . .33 30 

Above 130" (amyl alcohol) . 34 67 
By careful fractional distillation of wino; 
brandy 26 years old. Ordonwiau ((^ompt. rend. : 
1880.‘lOS. lil?) obtained tlie following sub-j 

Btances:— « , , 

r.c. by volume 

Aldehyde .... 0*003 
Ethyl aootutci . . • 0’()36 

Acetal .... traces 

(Enanthylic ester . . about 0*004 

Propionic, butyric, and caiiroic 
enters 

Normal projivl alcohol . 

• ,, butyl ,, 

‘ Amyl alcohol ’ . 

Hesyi 
Heptyl 

Amine bascH (probably of the 
pyridine series) . 

Commercial alcohols from maize, l>eet, and 
potatoes, showed the presom^o, in addition to 
oUier substances, of propyl alcohol, active and 
inactive amyl alcohol, pyridine, a base which 
i^ppearod to be collidine, and tsobutyl alcohol, 
^^ont a trace of normal butyl alcohol. Ordon- 
neau attributes the disagreeable difference in 
flavour between wino brandy and that from a 
mash to the presence iir the former of normal 
butyl alcohol, while the latter contains the dis- 
smelling t^obuliyl alcohol, but no 
momal butyl alcohol. He recommends that 
the fermentation of a mash should be performed 
with the elliptic wine yeast instead of.the globulM 
beer yeast, as he finds by experiment that the 
former produces the normal butyl alcohol, while 
the Wffcw tends to form the wo- variety. 

-lio-asnyl alcohol (inactive amyl alcohol) 
may he eepeiated from fusel oiT by agHation 
with a satunrted solution of common salt. The 
amyl, butyl, *-«d propyl alcohols, which are less 


soluble in that medium than in water, separate M 
an oily layer, while the ethyl alcohol reznains in 
the bnne. Tho separated oil is distiUed, the jw- 
tion coming off between 106" and 120 
ing principally of t.so-butyl^cohol, while ttot 
distilling kt.wron 126" and 140" contains the 
amyl alcohols. This is collected separately, 
agitated with hot milk of lime, dnod over cal- 
ciuni chloride and rodlRtillcd, the portion 
coming off between 12H" and 132" being coUec^ 

' separately. In this way the iso-amyl alcohol is 
' oblainedalmost, free from Imtyl alcohol and from 
valorio aldehyde. The barium amyl sulphate 
produced from active amyl alcohol is 2^ times 
: ii« soluble in water aa that from the inactive 
varii't V. mo that those .salts may bo separated by 
careful fractional crystallisation, and afterwards 
treated for reproduction of the alcohols. 

'I’lio coinj)osition of fusel oil from various 
Bournes lias been carefully studied by _Harl 
Windisch (r. Arboiton nus dem Kaiserlichen 
(losundhcitsaint, 1802, Bd. H), his principal 
rosnltfl from (1) potato and (2) corn fusel oil, 
expressed in grams per kilog., and excluding 
ethyl alcohol and water, being as follows :— 

( 1 ) 

l»H'64 
243*50 


Normal propyl alcohol 
isoButyl alcohol 
Amyl ». 

Hexyl 

Heptyl M 

Free *fatt^ acids 
Fatty acid esters 
Furfural and basevs 
Torpenes 
Terpeno hydrate 
Tho free fatty acids and acid esters were also 
analysed with the following resulte expressed in 
percentages, tho acids ano esters being taken 
togotlior in the potato fusel oil, and separately 
in the fusel oil from corn i 


087*60 


on 

0*20 

0*06 


( 2 ) 

3(i*lK) 
167 *60 
768*60 
1-33 
trace 
1-60 
3-06 
0-21 
0*33 
0*48 


0*003 

0*040 

0*218 

0*0838 

0-(KK)6 

0*0015 

traces 


Caprio 
Petargonic 
Caprylio 
Oaproic 
Butyric . 
Acetic . 


Potatx). 

Free fatty acids 
and acids estcis 
36 
12 
32 
14 
0*6 
3*6 


Corn 

Free fatty Eaters 
acids 


44*1 

12-9 

26*7 

13*2 

0*4 

2*7 


40*7 

14*2 

34*8 

9*6 

0*4 

0*3 


Tho terpene which is present, 

together with ite hydrate OjoH^O, has not been 
exactly identified, but it has a close resemblonoe 
to ph^andiene. 

The injurious effect of raw or recently mann- 
facturod spirits is attributed (ivifr alia) to the 
presence of fusel oil produced during the fer¬ 
mentation and not thoroughly separated. M 
considered it to be due rather to furfural and othM 
empyreumatio bodies, andthisviowwassupporW 
by Lauder Brunton, who thought that the teliO 
efieot of spirit may also,be attribntod, in some 
cases, to the presence of traces of ^atoidiu 
bodiw, arising from the decomposition M 
albuminous substances in the mash. Sofai^ 
rowit* also found in new whisky aubstancai aoob 
as pyrrol, phenolic bodies, traces of nitrilM, Ac,f 
vfafoh disappear as the spirit matoree (J. Soe. 
Chem. Ind. June, 1906). The aotnal adulter 
I tion of alcoholic liqnoa with fusel off is wpjw 
IraUe. but spirite oolftahimg 0*8 p.c. « 4hal 
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mibstence are ogually deemed to be injorione, 
^thooffh the ffeneral tendenoj of the evidence 
given Wore toe Boyal Gommiflaion on Whink^ 
and Potable Spirits, was to show that the evil 
effect of spiritH k duo to tho ethyl alcohol 
itself, rather than fo fusel oil or other sot^ondary 
products preaent. 

Samples of spirits examined by Bupr^ i 
(Analyst, 1, 6) contained for 1(K) ]»arts by weight | 
of ethyl alcohol; 


O'O p.r. amyl aleoliol 


Scotch whisky contain¬ 
ing 54'5 p.c. of alcohol 
Capo smoke . O'2-l ,, 

Common vSamshoe . 0‘18 

Fine ,, . 0'13 ,, 

According to Lc Bel {(^ompt. rond. 0(5, 13(58), 
natural whit.o wine contains (J‘2 p.c. amyl 
alcohol per litre, and, according to ITamberg 
(Schmidt’s Jahrb. der Medioin, 201, 27, 1885), 
boor contains about () f>0114 p.c. o{ fused oil. 

Boer recommends a maximum jiermissiblo 
limit to the fusel oil in brandy, hquours, &,o., of 
0'3 p.c. ; but Bodlandor and Traulx* (Hep. Anal. 
Chem. 7, 157), who have examined a number of 
commercial spints, jiropose a limit of OdO- 
0’15 p.c. 

Tnci separation of fused oil from spirit is 
extremely difTieult. Among tho various sub- 
etancee proposed or used for its destruction or 
removal, arc charcoal, soaj), oil, and fatty stib- 
stancos, potash {‘ grey salts ’), pearl ash (* white 
BaJtfl ’), lime. Bulphune, nitriij. and hydrochloric 
acids, bleaching powder, and potassium per- 
mansonato. 

Cnarcoal, soap, and nil are supposed to ; 
separate the fusel oil un<*Iiangcd. Wlicn recti* I 
fied over potassium permanganate or bleaching i 
powder, tlie amyl alcohols are converted into j 
valerates, but a jiorlion of tho ethyl alcohol is 1 
also decomiiosed. Bleaching powder, when used, 
is made into a milk at the ordinary tomjicra- 
turo and permitted to digest for r time, after 
which the spirit is drawn off and rectified. Ac¬ 
cording to Kltizensky, if the spirit bo distilled i 
from hard soda soap, the fusel oil remains with , 
the soap, from which it may bo separated by j 
subsequent distillation at a more elevated tem¬ 
perature. 

The most approved method of separation, I 
however, is by well-humt granulated vegetable i 
charcoal or bone-black. The charc.gal is placed ; 
upon perforated trays in a vessel surrounded by ■ 
a cooling jacket, and the spirit, usually diluted 
to about 160'^r., is caused to pass through ! 
several layers. The operation should not be | 
performed above the ordinary temperature, os j 
the fusel oil is again dissolved from the charcoal | 
near the boiling temperature. From 3 to 6 vols. 
of charcoal are required for the successful treat¬ 
ment of 100 vols. of brandy. The whole of the 
fusel oil is evolved from the charcoal on treat- i 
ment by superheated steam, and the charcoal ; 
may be repeatedly used after heating to redness ; 
to wve off the occluded gasee, Ac. It is notice- ; 
able that the fusel oil obtained by steaming the ! 
oharcoal does not represent the whole of that ^ 
removed from the spirit, nor are sufficient com¬ 
pound which might be produced by the decom- | 
position of the fusel oils found to account for i 
fids km. 

^ Baw piodnoed in Bwitaerland fron^ I 


S otatoes, maize, and the nsidnes from brewerioi, 
y the oonUnuouB process, has been found to 
contain 1 ‘32 p.c. of fusel oil. Raw Swiss brandy 
filtered through charcoal showed 0*2 p.o, of 
fusel oil ; that rectified by distillation, 0*00 ; and 
that filtered through charcoal and afterwards 
rectified contained none, ct F. Pampe (Ghent 
Zeit. 11,313). 

Apart from tho doeirability of removing the 
excess of fuse) oil from spirits intended for 
liuman consuniptiun as a leverage, the oil is 
recovered for its own sake, as a valuable by* 
product in tho manufacture of spirit, its price 
before tho war being about 6 times that of 
ordinary alcohol. During tho war, owing to 
tho great demand for fusel oil for tho manu¬ 
facture of amyl acetate and other purposes, 
tho price iruTORSod fourfold, viz. from about 
501. to over 2()0f. jior ton. 

By means of patent stills, tho fusel oil may 
bo rapidly and almost completely removed, and 
with suitable rectifying ajjparatus, alcohol at 
95® and fusel oil may separately be obtained in 
the proportions of 130 to 1, or nearly 0*8 p.o. (by 
volume) of fusel oil. 

The amyl alcohols of fusel oil dissolve in 
about 40 parts of cold wat^'r. According to 
Balbiano (Bor. 9, 1437), tbo inactive variety is 
Holublo in aliout 50 parbi of water «t 14°, and 
is less soluble at 50°. 7<»obutyl alcohol dis- 
soiv(«i in 10 ])arts of waU'.r at 15°. One part 
of inactive amyl alcohol tak(« up about 0*08 
part of water, while tsobntyl alcohol dimolves 
nearly twice that amount. 

Fusel oil dissolves frt^cly in ether, chloroform, 
alcohol, benzeno, and carbon tciracliloride. 

It is largely used for tlio manufacture of 
amyl acetate (ti. Acetic acid), which has 
numerous applications in tho arts and manu¬ 
factures, as fiavouring essences (pear oil, Ac.), 
for confectionery, as a solvent for cellulose, and 
in making lacquers, varnishes, artificial leather, 
waterproofing, and sanitaiy sheeting for 
hospitals. Ac. Tt is also useu in toxicology os 
a solvent for alkaloids, for which purpose it 
should bo carefully purified by agitation with* 
dilute acid to remove an alkoloidal body which 
it is liable to contain. On account of its strong 
affinity for chlorine, fusol oil has been employed 
in chlorine generators for laboratory purposes 
as an absorront for that gas, to prevent its 
escape into tlie atmosphere when the supply is 
no longer required; whilst its principid con¬ 
stituent (amyl alcohol) is employed in the 
eetimation of fat in milk by the centrifugal 
methods. 

For a description of tho method of valuation 
of fusol oil used in the Institut flir Oftmngsga* 
werbe, Berlin, see Heinzelmonn, Z. Spintuslnd, 
1912, 35, 612; .7. Koo. Chem. Ind. 1912, 81, 
1142. 

SyTitfkiie fusd mil .—Synthetic commercial 
amyl acetate and fusel oil can be prepared 
the following operations: A gasoline, boOiiur 
at 25°-45°, and consisting chi^y of satuistea 
bydrocarbt^, as, for instance, that obtained 
by cooling natural gas, is chlorinated by intro* 
ducing GMorine at one end of a body the 
hydrocarbon whilst Illuminating the otlmr end 
w^h a source of aotinio light, and causing 1^ 
gas to approaq^ the light. By thia mm 
monochlofo* derivatives are obtraedr and 
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Boon as thcM have accumulated to the extent 
of 20 p.c. the mixture w fractionated, and the 
unchanged hydroearhons are recovered for ro* 
treatment. The fraction, b.p. oou- 

Hwling mainly of jaaityl and hexyl chloridoa, i« 
heated with an (•(jual weight of anhydrous 
sodium acetate (with or without acetic and 
amyl acetate) for 5 hours at 200'' under jiros-suru 
in an autoclave rotated 30 times i)or minute. i 
In this way i)H0 llw. of the crude chlorides gave 
3K4 lbs. of crudi' amyl acetate, from which 
fusel oil may be obtained by hydrolysis (Essex, 
Hibbert, and hrooks, J. Amcr. Olu^ni. 8oc. lOKi, 
3K, 13(58). Anotlier iiKdliod consistH in iieating 
the clilorides with nicl liyl ahiohol and a fonuati^ 
under pressure at 140' IDO" (Ikooks and Essex, 
U.S. Pat. 12211)1)7, IDI7 ; Pyman, Heports, &c., 
1917, ii. 471). 

Ihti’ction of fu.sd olU --Wlien a sainpli' of 
spirit is poured on liltcr paper or on the hand, 
and allowed to evaporale spontaiuunisly, the 
eharaeteristio sulToeating odour of fusel oil may 
bo recognised towards tim close of the eva])ora- 
tion. So small a quantity its yiart of amyl 
alooljol in gin may thus be fh'U'eteU. 

On dissolving 1 gram of (‘austie potash in 
150 c.c. of the s|)int, eonccntrating slowly to 
15 o.a, and adding an equal volume of dilute 
sulphuric acid, a powerful odour is given off, 
which is froqucntly sufficiently distinctive to 
show the nature ol the mash from wliieli Lho | 
spirit was obtained. Uct-ivli (Per. 8, 72) adds to ' 
tho alcohol (5-7 volunu's of water, ami agitatas 
with Huflieient eldoroform to produec a small 
layer on Hubsidenee. This layer is drawi\ off 
and evaporated, and the residue is tus1<ed by 
digestion with potiuisium acetate and suljihuric 
amd. In presence of fusel oil the eharacteriBtie 
pear-like odour of nmyl acetate is olwiorvablc. 

Marquardt dilutes 40 e.c. of the spirit with 
sufficient water to raise the density to about 
0*980, and agitates the inixtun* witJi 15 e.e. of 
pure chloroform, which, after settlement, is 
drawn off, shaken with an equal volume of 
wai-er, and evaporated spontaneously. The resi- i 
• duo is treated with a little water, one or two ' 
drops of Bulphune acid, and sufluuent of a strong 
solution of potassium permanganate to ensure i 
that the liquid shall remain ml after standing j 
(or 24 hours in a closed tube. The odour of 
valeric aldehyde is freqiuMitly noticeable shortly 
after the addition of the permanganate, but the 
characteristic smell of mferic acitl, on which this 
very delicate tost is based, is not appreciable 
until after standing. 

Deiemwmtioit .—Fusel oil containing not 
more than 15 p.c. of proof spirit is allowed, to bo 
delivered from distilleries in the United Kingdom 
or to bo admitted on importation from abroad 
duty free. 

Numerous methods have boon suggested for 
the eetimation of ethyl alcohol in fusel oil, but 
'lione is free from objection. The following 
method can bo recommended as being sufficiently 
aoourato for all practical purposes. 

76 c.c. of the sample, with 160 q c. of water, 
are shaken vigorously in a separator (A) for 
4 or 5 minutes, and allowed to stand. If on 
isniulBioa forms, a few grains of salt are added. 
'fThe aqueons layer is ^wn off into a second 
separator (B) saturated with salt, and extracted 
wixh 150 C.C. of petroleum ether. The brine 


l^er is then drawn of! into a third separator 
(U) and extract'd with a further 160 c.c. of 
petroleum ether, and the brine run off into a 
distilling bask. 

The oil remaining in (A) is treated a second 
time with 150 e.e, of wate^the aqueous layer 
drawn off into the petroleum ether in (B), 
Hatunitcd with salt, and exiraided. The brine 
layer is drawn off into {(') and there extracted 
witli the petroleum (‘tlu'r, from which, after 
separation, it is run into Uu' distilling ffask. 
'J'lu' proci'dure di'scribed in this paragraph is 
then repeated. 

Tin; 450 c.c. of brine are distilled and the 
first 75 (!.c. of distillate collected. This portion 
j i.s saturated with salt and ext;ra(;t,ed with 150 c.c, 
petroleum ether. 'I'lio brine is run off, distilled, 
75 c.c. collected, and the spceitic gravity and 
rofraetonu'tor (Zeiss immersion) reading of this 
I fraction detiTininetl. 

The refraction will bc' somewhat higher than 
that of ethyl alcohol of the same den.sity. The 
dilTeronco is multiplu'd by the ajipVopriato 
factor (1*1 is taken in ordinary cases), and the 
product is dodueted from the ja-rcentago of 
proof spirit, as deduced from the density of the 
distillate. 

The aceuraio estimation of fusel oil in spirit 
is extremely difficult. A very rapid and simple 
procp.Hs introduced by TTaubc is said to give 
satisfactory results wlicre great aec'uraey is not 
required. 'Hie sjiceiHc gravity of the spirit having 
been did.ermiricd, sufficient water i« added to ro- 
dueo the proportion of alcohol to 20 p.c. The 
liquor U sucked up and allowed to fall a few times 
in a carefully dried, thin-sided capillary tube, 
20 cm. long, and aljoui 0*8 mm. in di’amotor, 
fastened to a graduated scale, and terminating 
at the zero in two points, which are sot by a 
stand moved upon screws, to the surface of the 
liquid in the vessel into which the capillary 
tube dips. The height to which the liquid rises 
decreases with a rise in the proportion of fusel 
oil. From the observed height of the liquid in 
the capillary tube (t^'inperature 21°), the per¬ 
centage of fusel oil may be ascertained from the 
following table. ((Jirard and t'uniassc, I’Analyse 
dos Alcools) :— 


Height In 

P.c. ot 1 

Height In 

r.c. of 

tube 

fusel oU 

tube 

(uflel oil 

63*() mm. 

0*0 ! 

1 48*86 mm. 

0*6 

62*7 

0*1 1 

48*20 

07 

51*85 

(P2 : 

47*45 „ 

0*8 

510 ,. 

0*3 

4t)-75 ,, 

0*9 

60*3 

0*4 

46*15 „ 

1*0 

49*C „ 

0*5 




This process is said to be largely affected 
by accidental conditions, such as temperature, 
moisture in the tube, &c., and by the preeenoe 
of nitrobenzene, oils of peppermint, fennel, 
orange, and carraway, amyl acetate, &c. 

Further information on this process is given 
by Traube (Bied. Zentr. 15, 559 ; Ber. 19, 892 ; 
Chem, News, 63, 302; Rep. Anal Cbezn. 0, 
G59); Stutzer and Reitmair 6, 606}; 

Uingl. poly. J. 268, 120; and Gira^ »nd 
Cuniaase. 

An improved apparatus, which he calls a 
ataJagmemeter, has been introdnoed by Tranbe 
(Ber. 20, 2644) for this estunatioiL The liquid, 
diluted as above to 20 p.o., is 61lcd to a math 
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ia a ve(i8el,and is allowed to fall drop by drop 
through, a capillary tube at tbo base of the 
YOSHel, the number of drops in a certain time 
being noted and compared with the number of 
drops of pure alcohol of the aanie strength falling 
in the same timo*froin the same apparatus. 
A smaller proportion of fusel oil than ODS p.c. 
may thus ho det-erminod. 

The following table Borves to indicate the 
percentage of fusel oil corroH])(jiifling with ihe 
of drojw observed ((.lirartl and 


nurabt'r 
CuniasKo) 
Number 
of drops 
100 
101-8 
103 0 
105-0 
lOG-3 
107-5 


V.c. of 
lusel oil 
0-0 
0 1 
0-2 
0-3 
0-4 
0-5 


Number 
of droj>9 
108-5 
lou-y 
111-5 

113- 1 

114- 7 


r.c. of 
fubvl oil 
0-0 
0-7 
0-8 
0-0 
1-0 


If the temperature of tlu', npirit is higher or 
lowcr than that for which the instnimenl has 
been calibrated, tho nuniU'r of drops observed 
is incroaweil or diininiHhed by 0-1 drop for every 
30 drops for eai-h dogi'ecj of dilTercnce. 

Anotlier process, lirsi- mtiodueod by Kose 
(1‘harin. (Jimtr. 1880, 0)) depends on the altera¬ 
tion produced by the prosenee of fusel oils in the 
solubility of 50 p.c. aleohol m eliluroform, and 
is said to be searcely affected by tlw' boduis 
which inlluencc tho results obtained by 'Praube’s 
method. This process, which is official in 
Gormuny and iSwitzi'i-land, has been modified 
at various times by Stut7.er, Reitniair, Herafold, 
Windiseh, and othoi-R [vide Zeitsoh. anal. (3iem. 
34, 1805). Bromwell’s inodineation of Hose’s 
fusel-oil apparatus (r. U.S. i)opt. Agric. Bur, of 
Gboiu. Bui. 4(5, 50) consists of a pear-shtijicd bulb 
holding about 200 c.c., stojipored at the up]j{T 
end, and having at tlie lower end a graduated 
stern of about 4 mm. internal diameter leading 
to another bulb of about 20 c.c. capacity, and 
terminating in a tube provided with a stop-cock. 
Tho narrow stern is graduated in 0 02 c.c. from 
20*0 to 22-5 c.c. 

Fusel-froc alcohol is first prepared by 
fractional diMtiJlation over eaustie alkali to 
resiniso aldchyde-s. saponify esters, and saturate 
acids, and is diluted to exactly 30 p.c. by volume 
(sp.gr. 0-9(55 at 15-()°); a Quantity of chloroform 
is dehydrated and redistilled, and a solution of 
sulphuric acid of sp.gr. 1*2857 at is pre¬ 
pared. 

Of the sample under examination, 200 c.c. 
are taken, made alkaline, and distilled until 
about 175 c.c. are over. After cooling, 25 c.c. 
of water are added to tho distilling flask, and the 
distillation resumed until 2(X) c.c. arc collected. 
Tho di.^tillate is diluted to exactly 30 p.c. by 
volume (sp.gr. 0-065 at 15-fi°), and this, 
together with the Rose apparatus and the flasks 
containing the reagents (fuaol-frco alcohol, 
chloroform, and sulphuric acid), is placed in a 
water-bath kept exactly at 15® until all have 
acquired a uniform temperature. 

The apparatus is then filled to the 20 c.c. 
mark with chloroform (through the lower tube 
by suction), and 100 c.c. of the fusel-free alcohol 
Mid 1 c.c. of sulphuric acid added. The appara- 
to is inverted and shaken vigorously for 2 or 
3 m inutes, the stop-cock being momentarily . 
t^ened once or twice to equalise pressure. TheJ 


. apparatus is then edlowod to stand for 10 or 15 
I minutes in tho water-bath at 15°, with occasional 
I tunung to hasten tbo separation of tho rewente, 

I and tho volume of the <mloroform is noted. 

The apparatus is then thoroughly cleaned 
I and dried, and tho operation ropoatod, using the 
distillate from the sample instead of the fusel- 
. free alcohol. An iiicrcoso in tho volumo of the 
' chloroform is ol«crved duo to the fusel oU 
present, aiul this difference, multiplied by the 
luctor 0663, gives tho volume of fusel oil in 
: loo c c , or the percentage of fusel oil by volume 
; m tlu) 30 p.c. ibstillato. This is then calculated 
; to tlie p(!rcentjigo of fusel oil by volumo in tho 
original sample according to tho alcoholic 
strcngtli of th(^ latter. 

For example, in a sample containing 50 p.o. 

' of alcohol by \'olume, the mcroose in the chloro¬ 
form volume with the distillutt* from tho sample 
diluted to 30 ]>.c. tK^ing 1-()2 c.c., and that in 
tho fusel-free alcohol also at 30 p.c., 1*42 c.c., 
th(5 difference is ()-20 c.c. Tho volume of fusel 
oil in 100 c.c. of tlie 30 p.(t. distillate is, therefore, 
0'20xO-663 —0-1326 c.c., and the percentage of 
fusel oil by volumo in tbo samjile (50 p.c. alcohol 
by volume) is 0 l326x50-i-30--0-221. 

Jn Fruiiee, tlie official motliod is that of 
iSamllc os modified by Girard and Cuniaase, and 
is bused ujion the depth of colour obtained by 
tho action of strong sulphuric acid upon the 
high(‘r aleoliols. 'rhe method, wliich at brat 
gives only comparative rosults, and thoso only 
when conducted under conditions so strict as 
to be almost unattainable in practice, is as 
follows :— 

50 c.o. of tlie brandy, aft(*r distilling to free 
from colouring and extractive mattem, and 
adjusted to contain 50 p.c. of ubsoluto alcohol, 
are placed in a ffask of about 250 c.c. capacity, 
and 1 gram of motaplicnylenodiamino is added, 
together with a httio pumice. 

Tho flask is adjusted to a reflux condenser 
and tlie contents boiled gently for an hour and 
then allowed t o cool. The contents of tho flask 
are then distilled to near dryness, and the 
distillate made up to tlie original volumo of * 
50 c.c. with a few drops of distilled water. 
10 c.c. of the spirit thus prepared are placed in 
a thoroughly clean flask ofabout 75 c.c. capacity, 
and 10 c.c. of pure concentrated sulphunc acid 
arc carefully run into tho flask so that it forms 
a layer under the spirit. Tho contents of the 
flask arc quickly mixed and heated over a 
Bunsen flame, with constant agitation for 15 
seconds after the commencement of ebullition. 
The liquid is set aside to cool, the mouth of the 
flask l^ing covered with a small watcb-glaes. 
One or more samples of standard alcohol of 50 
p.c. strength, and containing known quantities 
of wbutyl aleohol (50 mg. or loss per 100 c.c.) 
are treat^ in exactly the same way. When 
cold, tho •coloration |ivcn by tho sample under 
examination is compared with those given by 
the standard samples. 

Beckmann's mdhod depends upon the 
separation of the higher alcohols from the 
spirit by means of calcium chloride and carbon 
tetrachhiride, tho conversion of the higher 
alcohols into their nitrites by the action of 
sodium lytrite* and sodium bisulphite, removing 
the excess of nitruna acid with S4^am bscubon- 
ate, decomposing the nitrites with sol^i^ 
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aoid, and ftoal titration of tho nitrous acid thus drowits. It is based upon tho oxidation of tite 
obtained with penuaiiganatc. higher alcohols into the corresponding aoida, 

Tho dotails of thin proccsB are as follows i— and the estimation of tho latter by titration 
25 to 00 c.c. of the Hpirit, after distillation to or by converting them into and weighing their 
free it from any colouring or extractive matter, barium salte. 

arc taken and diluted with water, so that the The extraction is carried out ae in the 
mixture shall contain not more than 20'-2C p.e. Ileckmann j)roc(‘.s.s just described. To the 
of absolute alcohol. Tho solution is then washed carbon totrachlondo solution 5 grams of 
saturab'd with sodium or calcium chloride, and pure powdered potassium dudimmate, 2 c.o. of 
extracted four times KucccHsivcly by vigorously concentrated sulphuric acid, and 10 c.c. of water 
sliakinc with 40 c.c., 25 c.c., 25 c.c., and 10 c.c. are added. Tlie mixture is shaken and gently 
of caroon tetrachloride. Tiio carbon tetra- boiled for 8 hours under a reflux condenser. Jt 
chloride extracts are nuxe<l, and then washed ; la cooled, a little pumice and 50 c.c. of recently 
throe times succossiviily by shaking witli 50 e.c , i lioilod disiillod water arc added, and it is then 
25 C.C., and 25 c.c. <i{ Hutuiated salt solution, and <]tstillcd to near dryness. The residue is cooled, 
once with 25 c.c. of satmated sodium salphaii' , 50 c.c. water added, and again distilled, 
solution. The washings of each are cxtracteil 'I’ho ilistillab'-s are mixed and titrated with 
with 25 c.c. of fn'.sh curium letraoliloride, and N/iO-baryta soliititin, (inst with methyl orango 
this after si-.jiaralum is added to the lirsl carbon iw indicator, and then with phcnolphthalein. 
totrachiondc extnud. The mixed carbon tetra' i The ai-id indicativl ]>y the methyl orango is 
chloride solution is then dried by shaking vigor- nigardod aa ‘ mineral acid,' and the difference aa 
ously with frcslily liciiicd calcium chloride in organic acid, which is calculati'd into amyl 
powder. ■ alcohol by multiplying the nuinbiT of c.c. of 

To the dried ictraclilurido solution 2 grams ; N/lO-baryta sohitiou by 0'0088, and tho figure 
Bodium mtrito and 2 grams of sodium bi* I iudicalmg tho dilution of the alcohol. 

Hulphito are added, ami the mixture is shaken To obtain tho combining weight, the solution 
oocftHionally during an liour. U is then liltored containing tlie barium salt of tho acid is separated 
through gloss wool, and to the liUrale 2 grams ' from the carbon tetrachloride, ovaporatod, 
of sodium bicarbonate are added, and tho ' (ilbored, and hnally dried in a platinum capsule 
mixture shakou ocoasioually during half an and weighed. Tfio weighed residue is then 
hour. Then 20 c.c. of water arc added, and the treated with a slight excess of sulphuric acid, 
whole j;;eully siuiken and allowed t.u stand till again evaporated, and the barium sulphate 
the mixture separate's into two layci’s. Tho ignited and weighed. 3<’rom the weights found 
Moparatod carbon tetrachloride is then run off. the eumbining weight of ibo acid is calculated. 
To the roinaindor, 10 c.c. of ]iur(' cuncuntratud Tly tliia mothod also some ethyl alcohol Is 
sulphuric acid arc added; and, after sliaking extracted by the carbon tetrachloride, but 
gently to mix, tlio mixture is poured into 100 c.u. apparently it does nut appear os ueotie acid after 
of ice-cold wat<'r. Tho solution thus formed is oxidation, and, according tO'fSehidrowitK, the 
titrated with standard permanganate (1 in 1000) i effect attributed to ‘ mineral acid ’ (of the 
until tho pink colour boconuw pormauent. (TIio iireseiicc of which there is no proof) may bo duo 
end reaction is not very abarji.) ■ to some action between the inctliyl orange and 

(1 c.o. permanganate Bolutiou=0‘00278 gram j certain alipliatic acids present, 
amyl alcohol.) i (Kor a detailed criticism of tho last three 

According to Schidrowit/ (ti. infra), thin methods described, “cc Schidrowitz and Kaye, 
mothod, us publishod, is unreliable, owing Analyst, June, I1K)5, and June, IDOO.) J. C. 

‘ ehieliy to the oxtniction of ethyl alcohol by the FUSTIC, YOUNG, v. Youno i'U.STic, 
carbon Udracbloride. FUSTIN v. GLUt'OsrPKS; also YoUMO 

Tho best mothod hitherto suggested is that fustic. 
of Marquardt, tw moditiod by Alien and Schi- FUSTIN TANNATE v. Young fustic. 
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6-AClD, 2*NaphtlioI-t) ■ 8-di»ulphonic acid, called a norite. The more acid quartz-gabbro 
GABBRO. A holocrystalliiic igneous rock forms a passage to dioritc, wiiilst the more 
ooinpoeod esBcntially of basic plagiocluao-fclKpar basic olivino-gabbro grades iut-o the peridotitea. 
and augite, and containing less than about The rock is dark grey, black, or groenish-blaok 
60 D.o. of silica. It is th% plutonic o.juivalent in colour, medium to coarse grained in textuie, 
of the finer-grainod doleritc and basalt, having and very hard. 8p.gr. 2'7-3‘0 (weight per 
crystallised slowly under considerable pressure cubic foot 170-190 me.); crushing strength 
from largo bodies of molten material within the 540-2200, averaging 1830 tons per sq. ft. 
earth's crust. Tho felspar is tift soda-lime Analysis I of olivino-gabbro from Skye; 
lahndorite or the lime-felnpar anorthitc; the also Cr,0. trace (W. Pollard, 1900). H, 
alette is usually the laminat'd diallago variety; oUvine-gabbro from Lizard, Gomwall; also 
afAtite, iron-ores (magnetite and ilmenito) are Cr,(^ 0*08, V,0, 0*02, 14,0 trace, PeSj> O'll 
usnaUy present in small amount. When the (S, G. Radley, 19l2). JU, Quartz-gabbro froon 
rhomoio pyroxene hypontbene is p^ent in Garrook Fell ((1. Banow, 18^]. XMii* 
additiem to plagioolaM and augite w rook k allenite from Kentnlbn, Ang^sldto; nbo 
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Cr.O, 010, (Oo^i)O 0-07, CX3, 016; Cl tnuw 
(V?. PoUari. 1900). 


SiO, . 

L 

n. 

in. 

IV. 

. 4tt^9 

50*69 

53-50 

62-09 

TiO, . 

. 0-26 

0-42 

0-46 

0-73 

AI.O, . 

. 26’34 

20-56 

22-20 

11‘93 

Pe,0, . 

. 2-02 

1-55 

3-60 

1-84 

FeO . 

. 3-16 

310 

2-64 

7-11 

MnO 

014 

0-10 

0-36 

0-16 

C»0 . 

. 15-29 

11-99 

9-46 

7-84 

MgO . 

4-82 

0-84 

2-00 

12-48 

K,0 . 

. 0-20 

nil 

0-61 

301 

Na,0 . 

. ru3 

3-30 

4-20 

0-24 

KO. . 

. 0-58 

0-05 

— 

0-34 

H.O 

. trace 

112 

1-60 

0-36 


100-82 

100-05 

100-69 

100-24 

Sp.gr. . 

. 2-85 

—- 

2-80 

2-94 


Gabbi'o forim large madecii and ia of wide 
distribution, occurring, for exampilo, in the 
Highlands of Scotland, LcndaMoot m Ayrshire, 
Carrock Fell in Cumberland, North and South 
Walea, the Lizard district in Cornwall, and in 
Guorusoy. Owing to its dull colour and diflli- 
cuJty of working, it is not very extensively 
employed as a building stone ; and it is reputed 
not to weather well, capocially those varieties 
containing more felspar. In the trade it often 
passes under the name of ‘ black granite ’ 
(on the other hand, the trade name ‘ Norwegian 
gabbro ’ is sometimes applied to the augito- ' 
syenite—laurvikito—from the south of Norway). 
Medium>grained variotioa are used for road 
metal and paving-Hcts. Olivine'gabhro is 
oxtcDsivoly quarried for export at Herrestod 
near K4rda in prov. Jonkoping, Kwodon, and 
on the PloaHunt river near AUdisoo in Maine. 
The ‘ black granite ’ of the Kentallon quarries 
in Argyllshire is a dark bluish-grey, medium* 
grained alkali-gabbro containing crthoolase, j 
olivine, and biotite in addition to the usual I 
constituents, and boa been named kentallenito. I 
It is used principally for paving-seta, oud on a | 
polished sunaco it displays bright plate of mica. ' 

Gabbro takes a good polish and is sometimes 
used for omamontal pi^osee. The diallage 
often displavB a metallic sheen, and in the 
gabbro of Volhynia and near Kiev in Russia 
the labradorite sometimes shows blue reflections, 
CoaxsO'erained gabbros when partly altered 
show tne light- and dark-ooloured minerals in 
marked contrast, and have been used as far ' 
back as Roman times as ornamental stones. 
In some cases the felspar is altered to saussurite 
and the diallage to emerald-green smaragdite, 
the rook being then known as euphotide; this 
beautiful ornamental stone occurs in the Alps, , 
Corsica (‘ Verde di Corsioa ’), and Elba. A j 
dark-oolourod orbicular gabbro from Dohesa, : 
San Diego Co., California, has also been used as | 
an ornamental stone. 

Mumatic segregations of iron-ores, metallic 
sulphides (niokeliferous pyrrhotite and copper* 
pyrite), and apatite sometimes occur in con¬ 
nection with gabbro masses. L. J. S. 

OADUflMB V. PtohaInes. 

QiU>OUNIT& A rare mineral consisting 
of silicate of yttrium earths, glucina, and ferrous 
Ql,Pe Y|K,Q tQ. Analyses show about 
w-4op.o. of yttrium earths w molecular weight 
8o0-290; \h» amount of eibia has been sepa* 
detsnniiied as 10~15 p.c. It oocun in 


much laigor mwisw than the other me*6arth 
minerab, fanning idu|^, Uaok, and opaoue 
crystals, sometimes ezoMdin^ 30 kike, in wWnt. 
The orystals are monooluuo with an oxtno* 
rhombio aspect; but in thin seoriona the 
material is optically isotropic. When heated, 
the mineral suddenly glows brightly, a molecular 
transformation taking place; the material then 
becomes optically birofringent, increases In 
8p.gr. (from 41-4 4 to 4'3-4'7b and changes in 
colour (as seen in sections) from greenish to 
roddish. Gadolinitc oocuiu in some abundance 
as masses of considerable size in pramatite 
veins at a few localities ; notably, at Ytterby 
and near Fahlun in Sweden; in the felspar 
quarries of Sa^tersdalon and Hitterh, and elM* 
where in the south-east of Norway; in LUno 
Co., Texas, Mohavo Co., Arizona, and Western 
Australia. Tiie locality (Barringer Hill, live 
miles south of Bluffton) in Llano (Jo. has yielded 
masses of gadolinitc weighing 20() lbs., in 
association with several other rare-earth minerals. 
Those have boon worked for the supply of 
yttrium and erbium oarths used in the ‘ glower * 
of tlio Nornst lamp (W. E. Hidden, Amor. J. 
i Soi. 1889, 38, 474 ; 1905. 19, 425). L. J. 8. 

GADOLINIUM. Gd= 157-3 (c/. Urbain, 

I Coinpt. rend. 11H)5, 140, 583). Tills element 
I was first identified by Marignao in 1880, who 
separated its salts from those of other rare- 
earth mobals present in samarskite by fractional 
precipitation with potassium sulphate (Arch, 
de Gon6vc, 1880, {3] 3, 413 ; Compt. rend. 1880» 
00, 809). With europium and terbium, gado¬ 
linium forms the small group of terbium metala, 
and as the sulubilitii« of its salts ate inter* 
mediate between th<iso of the other two members 
: of the family, the final separation of gadolinium 
from these olomonts is a matter of considerable 
difficulty. The older methods of separation, 
precipitation by ammonia, crystallisation of 
the oxalate, formate, and double sulphates, 
or combinations of those proecssee, did not, in 
all probability, lead to the complete purifioatlon 
of gadolinium. C/. Meyer ana Muller, Zeitsoh. 
anorg. Ohem. 1919, 109, 1, who have examined 
theemciency of the various methods of separationT 
The proscucc of small quantities of terbium ia 
indicated by a faint yellow discoloration of 
the colourless godolinia. Europium is indicated 
spectroscopicaJly in the arc spectrum. 

Sources. The crude yttrium earths from 
monozite sand, samarskite, ytterbite (gadolinite), 
xenotime, EBSchynite, &c. 

Extraction and separation of the terMnm 
earths. The first four methods outlined below 
serve rather to concentrate the terbium eartlie 
than to separate them from one another, ^ado* 
linium being the only one of the three which is 
obtained by these processes in a moderate 
pure condition. 

A convenient starting-point for the separa* 
tion of*the terbiuA eartnfl is the most smubls 
fraction of the ammonium or magn es i um dodUa 
nitrate separation of the rare earths. The pre¬ 
liminary elimination of the oerite metals wiA 
sodium or potassium sulphate is less prderabkt 
since it involves a co-precipitation of a poftaott 
of the terbium group. 

1. Fracliow preeipilatum unik ammonia.— 
In tUi piooeee, terbU accumulates hi the ftnt 
fractiOQB, followed soocessively by samaria Md 
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uadulioia. Accordingly, Baniaria is a weaker 
uaao than gaduLnia, and thuj rclationHhip forma 
an exception to the ruic that the more electro- 
positive eartliH yi(;l<l 1 c.hh Holuble double sul- 
phatcH and nitratew than the Ichh clcctro-positivo 
oxidoK (c/. Jvccoq d(! Jlowbaudran, Compt, rend. 
18J10, 111, Ilil4 ; Hottendorf, Annalon, 1892, 
270, I17(); ilenedicks, Zeitsch. anorg. Chem. 
IWXb 22, 303). 

According to Kat/. and JaincH (J. Arncr. 
Ch(an. Soc. 15)14, 3(), 779), in Hcparating gado¬ 
linium from samariuin by fractional pnicipita- 
Lion with amnioninm hydroxide the Hainanuin 
woidd b(i concentrated in the liint fractions, 
instead of m tiic early fractions, iw stated by 
lioisbaudran and licnedick.H. 

Jordan and Hopkins {.1. Ainer, Clicin. Soc. 
1017, 39, 2()14) roconuiH'nde<l first to remove 
cerium by tlu^ bromato nu'thod and fractionally 
oryftialliHo the rennlin!. The less soluble frac- 
tiouH contain only eui’t)pnim, Numanum, gado¬ 
linium, and noodyimum, which are converted 
into tlie dimethyl j)lios|ibaU’s ami again fruo- 
tionaUsI. Tlio least soluble fractions will then 
consist mainly _of giululimum. 'Die lost traces 
of samarium can be removed by prceijiitution 
witli Hodiiun glycollate, 

2 . FracUotuil crijnlulUmlwii of llic {iodiim (ivd 

TwUiasum double —Jii isolating gado- 

linia from saniarskite, .Murignau (Lc.) separated 
the loss basic constituents of the yttrium earths 
by partially decoiiqxising the nitrates, dissolved 
the oxides, consisting elm^fly of yttria, samana, 
and the terbium earths in nitric or hydrochloric 
acid, an<i iirecijiitated fractionally with potas¬ 
sium sulphate solution. After a systematic 
course of fraetionation. lu' obtained the following 
foiu* fractions in descending order of solubility i 
(i.) yttrium, terliium; (ii.) gadolininin, purified ny 
fuHlier fractionations with potaHsium sulphate ; 
(iii.) samarium, didyminm ; (iv.) didyuilum {cf. 
Dclafontaine, Ar<ili. do Cenovo, 1878, ftl, 273 ; 
Ann. Chim. 1878, [51 14, 238; Lecoq do Hoia- 
baudran, Compt. rend. 1883, 1)7, 14()3 ; Jietten- 
dorf, Lc.). 

3. }'rariioiial crystalliaalton of furinati'H and 
bxalatc-a. —The sparing solubility of the formates 
of the terbium group has been utilised in the 
separation of these moUUs, these salts separating 
os white microcrystanine powdem from the 
eoncontrated solutions {cf. Didafontaino, l.c. ; 
Marigna^'., l.c. ; Hofmann and Kriiss, Zeitsch. 
anorg. Chem. 1893, 4, 27 ; Feil, ibid. 1905, 43, 
2fl7b 

The terbium earths can also bo separated 
from erbium and yttrium by precipitation with 
oxalic acid in nitric acid solution (Alarignac and 
Dclafoutuino. l.c.). 

4. I’meftonui crtfdaUis<dion of the ethyl {iid- 
phaifs. —The systematic crystallisation of the 
ethyl sulphates of thc' rare oartlis from water or 
alcohol leads to a separation of the three jmnei- 
pal groups ; cerite earths, tgirblum oarChs, and 
yttnum earths, arranged in descending order of 
solubility (Urbain, Ann. Cliim. 1900, [7] 19,184). 

5 . Fraciional cryaiallinalion of the nitrates .— 
The more complete separation of* tlie con¬ 
stituents of the terbium group has bwn accom¬ 
plished by the use of the nitrates and double 
nitrates. By fractionating the nitrates of 
terbium earths containing samaria, Che sparingly 
soluble gadolinium nitre^ and the more readily 


soluble salnarium nitrate were separated as well 
as a middle fraction rich in europium. The 
solubility of thc rarc-oarth nitrates falls from 
lanthanum to samarium, attaining a minimum 
at gadoUnium, and rises again till it reaches 
ytterbium. 

By a lengthy fractionation of the nitrates 
from nitric acid (sp.gr. 1'3), Domar^ay isolated 
small quantities of europium and gadolinium in 
a highly punlicd coiubtion (('ompt. rend. 1900, 
130, 14()9; 131, 343 ; 1901, 132, 1484). A 
further iinprovcment in the separation was 
effected by Hrbain and J.,acombe (v. Eubopium), 
who crystallisoil Hk; double magnesium nitrates 
i rif thc rait* earths m tlie piiwen(;o of magnesium 
bismuth nitrate. 

After crystallisation of thc samarium and 
bi.sinuth double salts, the mother liquor contains 
europium and gadolinium, the former being the 
first to Hcjiarate on further fractionation. The 
gadolinium is then sojiarated from thc other 
remaining earths by fraidionating the simple 
mlrate.s m the presence, of bismuth nitrate. 
The latter salt now caiiseH a separation to occur 
betM’eeu gadolinium and dysproHium, the middle 
fraction consisting of bismuth and terbium 
nitrates In this way, gadoliiuum is com¬ 
pletely freed from terbium, dysprosium, and 
erbium earths. The. fractional crystallisation 
of Lh(^ Jiiekel double nitratos of the terbium 
luirths has led to a similar separation (c/. (bmpt. 
rend. 1903, 137, 508, 792 ; 1904, 138, 84, ()27 ; 
139, 730 ; 190.5, 140, 1233 ; 141, 521). 

Tl\e best starting materials for tlic prepa¬ 
ration of gadolinium compounds are euxonitu, 
samarskitc, or the mouazitc residues, beginning 
with several kilos, of material. 

The following nietliod of procedure is recom¬ 
mended for the purification of gadolinium com- 
lounds: (1) If the rare earth mixture Contains 
ittfe cerium earths and much yttrium earths thc 
gadolimuin is separated with thc cerium earths in 
one opi^ation by the potassium double sulphate 
metlioci (2) li the mixture contains much 
cerium earths the major portion of these is sepa¬ 
rated by the double nitrate method. In eitner 
case a fraction very mucli richer in gadolinium is 
obtained. This is converted into the bromates 
and the yttrium earths removed by fractionation. 
ITic ytterbium earths first pass into the mother 
liquors, then follow the erbium earths, and last of 
all yttrium. It i.s essential that the yttrium 
should be removed at tins stage, for it is scarcely 
possible to separate it at any of thc remaining 
stages. The main fraction contains samarium, 
gadolinium, neodymium, terbium and europium; 
it is converted into acetate and fracUonalcd, the 
fraetionation being combined with the fraction¬ 
ation of the double bismuth nitrates. The cerium 
earths arc rapidly separated, and a brown 
mixture of oxides, containing gadolinium and 
terbium is obtained. Those salts are rapidly 
separated by fractional precipitation with am¬ 
monia (Meyer and Miillcr, Zeitsch. anorg. 
Chem. 1019, 109, 1). 

Compounds. The oxide and chloride of gado¬ 
linium arc colourless ; the solutions of the l^ter 
have no selective absorption in the visible rc^on 
of the s}>cctrum, but snow four strong buios in 
the ultra-violet end. (For spark-speotrum, «. 
Compt. rend. 1890, 111, 472; 1896, 122, 728; 
1900,131,343; 1905.1^,1233; Ul,62Um; 
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Ber. 1901, 34, 2460; Annalen, 1801, 203, 164. 
For arc-Bpectrum, v. Eberhard, Zeitioh. aiiorg. 
Chem. 1905, 46, 394 ; Exner and Haschek, Die 
Wellenl&ngen dcr Bogeiu{>oktra, 1004.) 

The Bpcctnim of gadolinium contains sovon 
groups of lines which are cliaractgrisod by con¬ 
stant difterencDs between tho wave-lengths of 
corresponding members of the several groups 
(Poulson, Physikal. Zeitsch. 1916, 10, 7). 

Oadollnla {Oadohnu/m ocidc) GdgO.,, a white 
amorphous hygroscopic powder, absorbing carbon 
dioxide from tho air; sp.gr. 7'407 at 15 . 

OadollDlum chloride and bromide (•dCl 3 ,(>ir .20 
and OdBrgjCHaO, soluble deliquescent salts, the 
former yielding tho ycllt)w double chlorides, 
GdCls-PtCl^.lOll./), and GdCIj'AuOla.lOH.O. 

.Gadolinium fluoride GdF,, a white gela¬ 
tinous preeipitale. becoming granular on heating 
on tlie water-baths somewhat soluble in hot 
hydrofluoric acid. 

Gadolinium coballicyanlde 

Sparingly soluble in 10 p.c. solution of liydio- 
cnloric acid. 1000 j)ai’Us of saturated solution 
contain l’8(l })art of tho salt. 

Gadolinium platlnocyanide 

2Gd((^N)3-ia(C'N)j,J8U,0 ; 
sepuratcH in red rhombic erystais witli u green 
rcilex ; it itsscmblos the isoinorjihous platiiio- 
cyanides of yttrium and erbium, and diflcrs from 
the corrwijionding double salts of the cerium 
groi^, whicli are yi-llow witli a blu<» reflex. 

Gadolinium nitrate GdfNOala.oiTjO or 5HyO, 
m.p. 91‘'-92“, ia of all the iiitratca of the rare 
oartliB tho h“ast soluble in nitric aeid {cf. I)c- 
maryuy, Compt. rend. 1900, 131, 343; v. Lang 
and Ilaitingor, Annaleii, 1907, 361, 460). The 
following double nitrates : 

20d(^J03)3-3Mg(N03)„24H.,<J 
and 2Gd{N03)./3Ni(N03)„24Ha(), have been 
utilised in the isolation of gadolinium ; the 
former melts at 77“. 

Gadolinium sulphate Gd^(S()4)3,81f20 mpa- 
mtes from hot solutions in inonodinic crystals, 
isomorphous with yttrium sulphate. 

Gadolinium hydrazine sulphate 

Gd,(S0j3-(N,He),S04,3H3U, 

Socrates in colourless, sparingly soluble crystals 
when a solution of the mixecTeulphaU; is boiled 
for Bome time. 

Gadolinium sulphide a yellow hy¬ 

groscopic mass, 8p.gr. 3'8, is produced by heat¬ 
ing the sulphate in hydrogen sulphide ; it is 
slowly decomposed by water. 

Gadolinium acetate (JdfHaCLOj3.4H-0 
forms moderately soluble trielinic crystals ; the 
Oxalate Gdj(C.3O4),,10H,O separatee frcim nitric 
acid solution in monoclinic crystals (u. Braunor, 
Chem. Soc. Trans. 1898, 73, 951); the Malonate 
Gd-(Hj0g04)-,8H30 is obtained in refractive 
yellow needles (u. Erdmann and Wirth, Annalen. 
1908, 361, 190). 

Dimethyl phosphate, long, white needles, 
solubility 23-0 at 26“ and ()-7 at 96". 

For other salts of gadolinium, see Bissel 

James, J. Amer. Chem. Soc. 1910, 38, 873; 

Griinkraut, Zeitsch. anorg. Chera. 
1918, 79, 306; Annstawig and Rood, Proo. 

&O0. 1912, 87, 204; Katz and James, 


J. Amei. Chem. Soc. 1913, 35, 872; Morgan 
and James, tbtd. 1014, 36, 10. G. T. M. 

GAHNITE or ZIKC-SPIMEL. Zinc aluminate 
ZnAl304, crystallised in the cubic system and 
belonging to tho spinel group of minerals. 
According to tho formula it contains 44*3 p.c. 
ZnO (35'6 p.c. Zn), but this is usually partly 
replaced isomorphoualy by ferrous oxide, 
manganous oxide, and magnesia, whilst tho 
alumina may bo partly replaced by ferric oxide. 
Tho mineral usually occurs as grey or dark 
greenish-black, opaque octahedra. Sp.gr. 4’6- 
4‘9; H. 7J-8. It occurs as crystals embedded 
in tal(3-schist at Fahlun in Swtxien, and more 
abundantly in crystallimj limestone with other 
xino ores (willoinito and fraixklinito) at Franklin 
Furnace and ytorling Hill in Now Jersey. It 
is also found at Bodcnmais in Bavaria (with 
nyrrhotito), m MiwsaehusctU, and a few other 
l(»calitice ; and has also bc<'n observed in tho 
niufflcH of zinc furnaces. Tho mineral was 
named in 1807 after the Swedish chemist, 
J. G. Gahn (1746-1818). L. J. S. 

GALACTIN V. Gums. 

GALACTOSE r. (UiinouyDRATKs. 

GALAFATITE. An aluminium potassium 
sulphate, named after tho discoverer, found, 
amongst other places in ypain, at Bonahabux 
near Almoria, where it occurs in parallel veins 
from 6 to 0 nim. thick. It is white when 
juu'O. hoH a Hp.gr. 2*76, and hardness 3‘6. It 
18 treated by calcination, followed by lixiviation 
with water, whereby a solution of potassium 
sulphate and a rosiuuo of nearly pure alumina 
arc obtained. The calcined ore oontains 
06-70 p.c. of alumina and 25-30 p.c. of potoa- 
slum sulphate (Preuss, Kng. and Min. J. 1911, 
91, 201; J. Soc. Chem. Ind. 1911, 30, 282). 

GALALITU or ERINOID. Artiflcial hom 
prepared by tho action of formaldehyde on casoiii. 
Skim milk is treated with caustic alkali or alkali 
carbonate, tho casein is precipitated by tho 
action of rennet, pressed, impregnated with 
fonnaldrjhyde and dried (J. Soc. Chem. IndL 
1909, 101). Is used as an insulator and as a 
non-inflammablo substitute for ivory, amber, 
tortuise-sholl, coral, bone, ebony, &c. Is em¬ 
ployed in electrical work, for aeroplanes, in 
the manufacture of buttons, pianoforte keys, &o. 
(see Casein). 

GALAKACK. A mixture of sulphur, tar 
and oil used as a cement or lute. 

GALANGA ROOT. Galanga root is the 
rhizome of Aljnnia officinarum (Hance), and U a 
native of China. It is employed in the form of 
a decoction as a remedy for dyspepsia. 

Galanga root was first examined by Brandos 
(Arch. Phaim. [2J 19, 52), who iaolat^ from it 
a substance which ho named kicmpfcrido, but 
this, according to Jahns (Bcr. 1881, 14, 2385), 
was a mixture of three substances, kasmpferide, 
alpinin, ^d galangin. The subject was later 
examined by GordiX (Dissert. Borne, 1897), 
and by Ciamician and Silbor (Ber. 1899, 32, 
861) and Testoni (Gazz. chim. ital. 1900, it 
327), and it^is now clearly demonstrate that 
galanga root contains kterapferide, golongin, 
and gaiangin mononietbylether. According to 
Testoni, the alpinin of Jahns is a mixture <A 
galangin and kci^feride. 

Ktanpferide consists of jwUow 

needles, m.p. 227^-229% soluble in afkaliw 
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•olutiooB with ft yellow colour. Sulphuric »oid 
giTW a blue Huoreucent yellow sotation. 

Triaceiylkawpjaruk t j )a> 

oolourlesB noodlce, m.p. 193°-1M (Cmmioian 
and Silbor and T(«tom) (c/. also Jahns), tn- 
henzo^lktempfcride OjaHjOfllOTHsOla, rn.p. 77 
178° (Testoni), kcempfmdc iiethykmr 

(Twtoni), yellow neodloH, m.p. 13r~i;W°, and 
dibmmkcimiilnuk C.,11 ,„HrjO., yc low nei^ll™, 
m.p. 224‘'-225" (decoinp.) (.laliliB) have been 
prepared. In the presence of acetic acid, 
Umpforide yields, by niean.s ol mmera acu s, 
yellow erystallinc compounds, and aleoholu 
potassiuni acetate givcH munoi,otit.mm kaimp- 
/erbie C..U„().K,H.d), yellow need lea wine i 
is deeompoHcd by boiling . ^ 

Wilson, Ulumi. ,Soc. Trans. 190.1, 8.1, 13(i 
Kiempforide is in realil.y koMipfcml vumomMyl- 
ether (v. Ivustaneeki and Kor.yeki. Her, )K.M. 
24. 37211) 

A> 


OALANGA BOOT. 

QtHangin monomahylcther 
was first isolated from galanga root by 
lie.). It crystallises from methyl Jrohdm 
bright yellow prisms, melts at a^ut ^ , 
anS dissolves in strong alkaline solutiona with a 
yeUow colour. IHacetyhjaUmgin mmomd^ 
elhar (;.,H,„Os(0,H;,O), forms ycllowwh-white 

Icafleis, melting at 175 -170 . -ip.iino 

When air is lurjiirated tlirougli an alkane 

solution of galangiii monornethylother it .8 

o.vidiBed with formation of benzole aetd and 
phhrixjlueIiwl {Min and Aliison), and therefore 
pOHsoflscH tlie constitution 


oil 


''00-^ 


.(IdCIl, 


A. u. r. 


HO 


o 


.OOllj 


HO 


iN 


JO'' 


con 


For a detailed dosenptiou of kiumpleriil, «c 
Vdvhinium amxolidu. 

Oalangm OijUi.O,, the second coustituont 
of galanga root, crystallises in yellowiaii-whito ^ 
neodlro, m.p. 2I4“-21,'i°, soluble in alkaline 

. .. r.i _n.1«..« nf>oTlfi i 


GALBA r. Rbsins. 

GALBANUM v. Ohm uesin«. 

GALEGINE O.UuN, is a erystallinc alkaloid, 
m.p. I10°-li5°, obtained by ti. Tanret (bompt. 
rend. 1914, 1.78, 1182, 142(1; Hull. hoe. ohim. 
1914 liv.] 1.7, «i:i) from the seeds of Gol^u 
omrimam. It IS optically inactive, and splits 
on heating with barium hydroxide solution into 

equal molecules of urea and 3-metliylpyrrolidrac. 

The constitution suggested is: 


solutionB with a yellow' colour. IVitli ueotio 
anhydride, it gives a triaedyl derivative 
U„lI,tl»(C,HjO) 


NH. , 
NII,'^ 


t'H, 


CHMe 


.C:0\/CII, 
NH 


Oalogine is moderately poisonous (Tanret, 
; p;o,u"t, rend. 1914, 169, 108), and (hkguhaa 
m D 140 '-142° (.lalms). and by means of methyl ooeusioiially caused cattle poisoning, b- & 

rote wS aleoholic\>otassiuni acetate, yielding ,leavage paralld to 

munopolMiinm ijahmjtn, yellow needles (Hcrkin developed crystalB. with the ““ 

antTv^n), When fused with alkali, phloro- , or cubo.octaliedron, are not udcommon. T 


CMIU llOVli/. vv •IV.’S* --- — 

gluciiwl and benzoic acid arc obtained. 
m a dihydroxyjlavoiiol 

/ 0 . 


OH 


H' 


-o 


oil 


_\^,O^0'OLl 


and has been syntliesiseil by v. Kostalleeki and 
Tambor (Bw. 1899, 32, 2290) by a series of 
reactions similar to those employed in the 
preparation of kwmpferol. 

2-Hydroiy-4 ; fi-dimethoryehalkono 


, or CUOO.OCiaiieuioii, «... ..... — , , 

Oalangin niassive mineral is always readily recognised y 
its rectangular stepped cleavages with smooth 
and brilliant surface* and a load-grey colour; 
BinaU broken fragmento have the form of cubre 
or dice. Further, it can bo readily sorato^ 
with a knife (H. 24) yielding a black powder 
and it is very heavy (sp.gr. 7'6). Ore with 


, ana ii w veiy uourj - 

a very 6ne-gramed texture may present some¬ 
what the dppearance of stoel 

The presence of small quantities of suver m 
, calena is of importance; though usually not 
more than a few ounces per ton in amount, tt 
may real'll 1 p.c. It is probably P™e“‘ “ 
solid solution as silver sulphide, since argentito 
i la.v.) is isomorphous with gsJena. l^umn^ 
pouiied surfaces of galena by reflected h^t 
under the high powers of a 

OCH, Finlayson (QuaX J. Gool, Soe. J910, 66, 31^ 

■ was converted into the oof responding ^iavanone, was able to do^t fine ®br^ of .u™ jeno. 

into ite isoiitroHo ' renning along the cleavage 

Thk e^wipoimd , on boUing with dilute sulphuno 1 This was. hovrever. ““^y jn ^ 

iSS ^glTiTk-diniethn^vonol. which, when ; taken from the higher 
’ with hydriodic acid, was transformed i surface watera ; 

■i^ y^ ' galiAng in Qalangiu dyos with mordanted 

■ C^WOOlfen cloth tho following shades :— 

CinmUm Ahimiminm r4»t 
Olivn-yellow. Yellow. Lemon- Deep olive. 

yellow. 


OCH.r '^OH OH y 
y —0O-~-CH 
CH, 




surface waters; Bpeoimens uuvw. - 

leveU, where there Has been no secondary alt^, 
tion, showed no nafave silver. F. N. 

(Eoin. OeoL- 1917, 12, 297) found that 
L -.„in.n. 010 to O SS p.o. Silver shows deftw 
tettohediito and argentite; wh* 
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ipeolineiM ooDt&ising more Mirer ehow evuiMioe 
ot later addition m mby^Bilrer, eto.» in tiie 
form <i{ reinlets. 

Qalena oooun ohieily in veins trsvereing 
lOtAs of various kinds, and also filling cavities 
in limestone. It is abundant in all le^-mining 
districts, and by its alteration it gives rise to 
oeruBsite, anglesito, and other secondary lead- 
bearing minerals. The use of galena for glazing 
pottery gave rise to tluj names ‘ potters’ ore, j 
alquifoux (hV.), and arcliifoglio (Ital.). The j 
powdered mineral Is used as a ousmotio by the j 
natives of Nigeria. L. J. S. | 

GALIPOT V . Resins. i 

GALIUM. The roots of various species of • 

S alium have been employed to some extent for j 
yeing red on alun»inium mordant, and Bancroft, j 
in his PliiloHopliy of I'ermanent Colours j 
(vol. ii. 303), gientions six of tlieso ])lants, tho : 
roots of which gave an oxe(*llent rod in tliis * 
manner. More especially lie refers to tho : 
GaUutn iincloritnn, tlie roots of which, about ! 
2 foot in length, are of a tlark I'eddish colour, I 
and which were employed by the French ! 
inhabitants of (Canada to dyo their cloths rod. | 
Tliis jiroduot is also referred to liy Jlellot ’ 
as a spoeicss of madder brought from (’aiiada 
which pOHSoesivs an e.xtreiiKdy slendur root and 
produeoa nearly the same eifoot as European 
madder. 

According also to Bancroft, the niots of tlio 
neuxiy allio(l spuciw of A/ipcruUi, of which ho 
specially mentions the Aspcrida tinctona known 
as ‘ Dyer’s woodruff,’ were at one time used 
for dyeing rod instead of madder. 

Of others may ho mentioned tho Galium 
mullitgo, Groat Ladies’ bodstraw or Wild madder, 
Galium varum, Yellow Ladi(«' bedstraw, and 
Galium aparine, the well-known (.'leaver’s or 
Goose grass, the two latter of which are common 
to this country. The roots of this hwt certainly 
give a small amount of dye soluble in alkali 
with a purple colour, and there seems to bo 
little doubt that all contain dyes which are fast 
to light and of tho alizarin type, though they 
appear to give a somewhat yellower shade than | 
alizarin itself. An examination of these in case ; 
they yield either anthrapurpurin or flavopurjiurin | 
would be interesting. A. G. P. 

GALL-NUTS or GALI£ or Oak Apples- 
{Noiz de Qalle, Fr. ; Oallen, Oallapfeln, Ger.) 

Galls are excrescences induced op plants by 
the attacks of animals (ospocially insects) or of 
other plants (especially fungi), which stimulate 
plant tissue that is (^able of growing and 
cause hypertrophy. Wncm an insect is the 
organism responsible, it usually infects verv , 
young parte (of roots, stems, or leaves), in whicb j 
it deposits eggs from which there develop inside 
the gall larvB and eventually mature insects. 

The oak apples arc thus caused Iw varions 
species of gall wasps (Cynipida). The most 
important oi these arc those of north-temperate 
Europe and of the Levant. Of the former, one 
of the commonest on the common oak Quercua 
9t»8ifioTa (Salisb.) and Q,. peduncuiata (Ehrh.) is 
by Oynipa kcBari, and is like a yellowish- 
brown marble in size and shape, contains one 
omtral ohnmber, and eventoally shows one little 
hole through which the insect has escaped 
More iinportaat are the Ijevont galls, induced 
oM sombl^ oaks hMcmgii^ to t£e species Q. 


lusikmiea (Lam.) [0. infeokrria (Oliver)]* wbiflh 
ooouxs in the ref^ion extending from Ofeaoa* 
through Asia Minor, to Persia. The insect 
responsiblo is C^ipa Hnctaria (Htg.) j this causes 
a gall by laying an egg in the young stem, which 
thereafter, by cell mvision and growth, swdls 
into a gall in which the larva develops. The 
resultant insect may die inside the gall, or may 
boro its w’ay out and escape through an exit 
hole. Levant galls are spherical to pear- 
shaped ; the half near tho stalk usually has a 
smooth surface, often inclined to be glossy, 
wliercas tho distal half is raised into lumps 
which ore often conical in shape. 

The Levant gull is very rich in tannin. 
Mancoau found tliat the chemical composition 
in percentages w'as : water 12'0r), ligneous sub- 
stuncos 19'2, tannin 58’52, other constituents 
10 - 21 . 

Levant galls vary in (|uality according to 
tho region of origin, time of collection (including 
tho condition as to whether gathered before or 
after tho inai'cte cstiupe). Tiie best kinds come 
from tho Aleppo district: those gathered first, 
namely, in August or September, are of tho 
highest quality, and are gnnm, but subsequently 
become dark-coloured and harder: those 
gathered somewhat later are white, while tho 

f alls allowed to hang until winter are roddish- 
rown. Threo qualitkw of Levant galls may bo 
distinguished: (i.) Aleppo galls, small (2*6 om. 
in diamotor), dark-green to black in colour; 
(ii.) lighter-coloured galls, TiroseuUng the appear¬ 
ance of having been powdered on the suriaoe; 
(iii.) Smyrna galls, larger (3--r) cm. in diameter), 
usually yellowish in tint. In water, the dark- 
huod galls sink, whereas the inferior lighter- 
tinted galls (oven when dyed to iinitato the 
former) float. 

Galls (oak apples) of tho same typo are 
obtained in Southern Eurono from scrubby 
specimens of Qiiercus ncsfiilijlora (Salisb.) and 
Q. pubfijfcens (Willd.). 

GALLACETOPHENONE v. Kstonbs. 
GALLAMINE BLUE, GALLANIUO BLUB, 
-VIOLET V . OXAZINX OOLOUBINQ UATTBBS. 

GALLEIN. Anihraceneviolel{v.AuZAms and 
allxbd coloubino uattebs). 

GALLIC ACID, ZA’-H-Trikydroxyhenzoic acid 
CjH 8(OH)8COOH, occurs in sumach, divi divi, 
Chinese tea, and various other plants (Sten- 
house, Annalen, 45, 9; Hlaeiwetz and Malin, 
Zeitsch. (^hem. 1867, 271 ; Kawalier, J. 1852, 
083 ; Perkin and Gunnell, Chem. Soo. Trans. 
1896, 1307; Easterfield, ibid. 1901, 122; 
Griittner, Arch. Pharm. 236, 293). Formed 
from tannin by boiling with dilute sulphurio 
acid, or when solutions of tannin become 
mouldy (Nierenstein, Ohom. Zeit. 33, 126; Ber, 
1910, 628), or by heating tannin with xino 
(Ujin, J. pr. Chem. 80, [2) 332). In order to 
prepare i^, finely pop'dered gall-nuts are mace¬ 
rated for some days with cold water, and tiie 
decanted liquid is exposed to the air and allowed 
to become covered with mould. An addition of 
yeast is advantageous. The gallic acid, which 
separates, is purified by recrvHtallisatKm from 
boiling water (Wittstein, J. 1853, 436; Tiecdtem* 
Zeitsch. Chem. 1668, 222; Scheele and Stott, 
J. 1856, 482>. Heinemann (Fr. Pat. 314863 ; 
J. Soo. Chem. Ind. 1902, 415) boils Mie aqnecsM 
extract of galls with 5 p.o. by we^ht of 
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acid fur about 5 huui'K. Tho n^autiun is coui' 
plete whou a drop of tho solution gives no 
precipitato with a gelatin solution (t;. also Sue. 
Anon. Manuf. do rrod. Chimiques ot Pharm. 
J. Soc. Ohem. Ind. liK)0, 553). It is soluble in 
3 parts of boiling, ui 130 parts of cold water; 
orystailisoa in 'iilkynoedleeor trielinic prisms from 
water with 1 rnol. HjO, which it loses at 120'’; is 
most readily soluble in acetone (Roscniieitu an<l 
Schidrowitx, (Jhem. Sue. Trans. IBOB, 882) ; 
molte at 222 -240'’; and when heated to a 
liigher touineruturo decomj)OHe3 into carbon 
dioxide and jiyrogaliol (Bracoimot, Annalen, 
I, 20 ; Pclou/.e, ibid. 10, 160 ; Liebig, ibid. 101 ; 
47 ; do Luyiics and Ksi)(Tandiew, Zeitsch. Clumi 
1, (21 702 ; ThorjM!, ITiann. J. 11, [3j IKK)), By 
heating equal weiglits of gallic acini and aniliue, 
gallanjiide is formed, which may be used a« a 
germieido. It w mni-toxie. Wlien gallic acid is 
heated with twice its weight, of aniline, and the 
anilino pyiogallute thus formed jh boded willi 
benzene, jmre pyrogidlol is olitained (< 'azoneiivc, 
Bull. iSoc. chim.’7, [3| 54!!; 11,81,82; (’om])t. 
rend. 117, 47). By the destructive distillation 
of othvl givllate, pyrogallol, etliyl alcohol, and 
ruJiyaUtr, acid (lioxahydi'o.\yantlira<jumone) are 
produced (Ih-rkm, Cbeni. Sue. XToc. 1002, 254). 
KutigaIJic acid is also fornieil when gallic acid 
is boated with (loni'i'iitrated Huljiliuric acid 
(Uobiquot, Annalon, 10, 204 ; Wagner, C'luun. 
Zontr. 18(ll, 47; l-owe, d. pr. (’bom. [i.] 107» 
200; JaiI6, Bor. 1870, 004; Klobukowski and 
Noolthic, »6jd. 1875, 810; 1870, 1250 ; 1877, 
880 ; Widmann, ibid. 1870, 850), and on roduc* 
tion with sodium amalgam yields alizarin 
(Widmaun, l.c .; Bull, Soe. chim. 24, [21 360). 
By heating a mixture of gallic and benzoic acids 
with sulphuric acid, unlkra^jallol {trihydroxy- 
onthroquinonc) is produced (Scuberlich, Bcr. 
1877, 30). 

Gallic acid, on oxidation with nitric acid, 
cidurino, or cop{wr sulphato and alkali, yields 
oxalic acid iia tho mam product (Boettmger, 
Annalon, 257, 248 ; 200, 337 ; Bi6trix, Compt. 
rend. 122, 1645); oxidation with poreulphatee 
in the prcaenco of iwetic and sulphuric acids, 
yields ellagic acid (Perkin, Uhom. Soc. Trans. 
1905, 1412), and in tlio presence of dilute sul- 
hurio acid, JUivdUigic acid (Perkin, ibid. 1900, 
62); olwtrolytic oxidation with jjotassium 
forrioyanide in tho prosenco of sodium acetate 
or otnor olcetrolytoe, yields • purpurogallincar- 
boxylic acid (A. G. and F. M, Perkin, ibid. 1004, 
264; 1908, 118 ; Perkin and Niercnstcin, t6iV/. 
1906,1429); oxidation in alkaline solution yielchi 
gallo^vin. Gallic acid is nob reduced ap¬ 
preciably in acid or neutral solution, but in 
alkaline solution, benzine acid is formed ((.lard- 
ner and Hodgson, Chem. Soc. Proc. 1908, 272 ; 
Guignot, Compt. rend. 113, 200). Gallic acid 
and its derivatives undergo condensation with 
iiitroaodialkylanilines to form (lyestulls of tho 
oxoziM or gaUO'Cyanine gixnfy (Patent Literature, 
FrdL i. 267-270; ii. 168, 1G7-I73; iv. 485, 
600 ; V . abo OXAXINB coloueinq mattbes) ; with 
o-mtttDsooaphthbls or o-aminonaphthols to form 
brown dyestuQs used in tanning (Ashworth and 
Bandos, Oer. Pat. 75033, 76634; Frill, iv. 604, 
005); with salicvlie acid by moans of phos- 
phoroi oxychloride to produce ^lilonnM, an 
antiMptiic used for dressing wounds (Bayer A 
Co., Pat. 9898; J. Soo. Chem. Ind. 1898, 


[487; Lofcjbner, Ger. Pat. 94281; Chem. Zentr. 

11898, i. 229); with acetaldehyde and benzalde- 
! hydo, yielding compounds which become 
coloured when dissolved in acids (Kahl, Ber, 
1898, 161); with acetic acid and acetic anhy¬ 
dride to yield mono- and di- acetyl derivatives 
of gallic anhydride. These substancce are 
insolublu in alkali, and so can be used instead of 
tannin for medicinal jjurjio.ses, as tho latter is 
Holublo in the stomach jiiiciw (Bayer & Co,, 
Kng. Pat. 1228 ; J. iSoc. Chem. Ind. 1895, 297). 
(laUic acid is also used in the preparation ot 
Unoninc. dyestuiTs (Niet/.ki, Ger. Pat, 73556, 
76023, 70172 ; Frdl. in. 360 ; iv. 456, 456). 

Gallic acid condi'nMe.s with formaldehyde to 
yield four distinct mcthylcncdigallic acids, 
yielding dyestuffs on treatment with nitro- 
sulphuric acid in snipliuric acid solution (Mohlau 
and Kahl, Ber. 1808, 250). It foiins compounds 
with albummoidH (Wotnor. Ger. Pat. 180334 ; 
J. Soc. Chem, Ind. 1008. 644), and with ferment# 
((icv. Pat. 19H305;.I. Soc ('horn. Ind. 1008,713). 
it IS absorbed by organic eolloitb*, this being of 
interiwl,, since it beam on the theory of dyeing 
and tanning prociwHcs (Dienpor and Wilson, 
J. 8oc. Chem. Imi. 1006, 5i5). Complex salts 
of gallic acid (e. Sdbennaim and Uzorovitz, 
Oiem. Ze-iitr. 1!H)S, li. 1024). Derivatives of 
gallic acid (n. Power and Shedden, Choin. Soc. 
Trans. 1902, 73). 

Basic bismuth gallate {Dcrmuiol) 
C,H 30 ^iBi. 2 Ha 0 

is prepared fiom bismuth hydroxide and gallic 
acid, or from bismuth nitrate and gallic acid in 
tho presenco of potassium nitrate ami acotic 
acid. It is a yellow powder, but is obtained 
iTystallmo by tho second luetiiod given above 
{'liiibault, J. Pharm. 14, [ vi.l 487 ; 25. [vii.] 268 ; 
May, Amor. J. Pimrm. 80, 208 ; Causso, Compt. 
rend. 117, 232 ; Fischer and Grutznor, Arch. 
Pharm, 231, 680). Bisinuthhydrozyiudogallaic 
(Atrof) is a greenish-grey powder (Haegler, 
Chom. Zentr. 1896, i. 764 ; Torelli, ibid. 1898, i. 
857 ; Hoffmann, TTaub & Co., Ger. Pat. 80399, 
82503; Frdl. iv. 1122, 1123). BotU compoundfl 
are inodorous antiseptics, and may bo used os 
substitutes for iodoform. 

Methyl ester (HOlgCaHjj'COiiCHs. Prepared 
by dissolving gallic acid in hot methyl aloohol, 
and treating the solution with hydrogen chloride. 
Tlie alcohol is distilled off, tho residue dried and 
recrystalliscftl from liot water (Kern, Eng. Pet. 
5953; Ger. Pet. 45786; hVdl. ii. 167; Hem- 
burg, Monateh. 19, 694); m.p. (anhydrous from 
methyl alcohol) 202”; from not water, crystals 
contain water of crystallisation, which is ariven 
off at lOOMlO”. 

])etcclion and Ealimaiion .—Gallic acid gives 
a bluish-black precipitato with ferric chloride, 
but does not precipitate gelatin. On adding 
I c.c. of (1:30) potassium cyanide solution to 
a 1 p.c. solution of gallic acid and agitating, a 
ruby-red colour is produced, which disappeafB 
on standing, but is regeneratod by agitation. 

' Pyrogallol and tannic a<iid give yoHowish-red 
solutions (Griggi, Boll. Chim. Farm. 38 6). 

I Boettinger (Annalon, 256, 341; J. Soc. Chem. 

I Ind. 1900, 450) heats gallic acid with double it# 

I weight of phenylhydmine to 100”, boils the 
I solution for a few seooads, and thw lets one 
I drop fall into a besAer contMmng water mafe 
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alkaline with caustic soda, whon an orange or 
goldeQ'Vollow coloration is produced. Tannic 
acid gives a blue coloration changing to yellow. 
In estimating gallic acid in tannins, it is always 
necessary to separate it from the tannic acid, 
which is also present (Spica, Gazz. chim. ital. 
31, ii. 201; Hamack, Arch. Phnrm. 234, 
637; Biiclmor, AnnaUm, 53, 5,37 ; Ifinsdalo, 
Chem. News, 04,51 ; Dw'ivpcr, J, Soc. Chcm. Ind. 
1803, 412 ; Ghcm. Nows. 1K», 111 ; Proctor and 
Bennett, J. Soc. (Ihcin. Ind. 1005, 251 ; Joan, 
ibid, 1900, 382). 

GALLIPEINE v Custaria dark. 

GALLISIN (iao-MALTOSE) o. Cabho- 

HYDRATES. 

GALLIUM. (Ja. At.wt. OO’O (Boi.sbaudran); 
70’1 (Kichards, Crnii;, and Snineshima). Js 
very widely tiistrihulod in nature, altliough 
always occurring in Tnituito quantities. It is 
found in vanou.‘< clfiy iron'^toncs, in lioematitea, 
in various aluminous and nmngan«H(! minerals 
and ores, m some meteorites and meteoric 
iron, in zincblendes. pyrites, Ac. (Hartley 
and Ramoge, Chem. Soe. 't’raas. 1807, 533). 
I'erliajjH the nelusJt source of this metal i.s tlio 
Middlesborough blast furnace metal obtained 
from the Cleveland elay irouHtono, the cast iron 
containing 1 part, of gallium per 33.(K»0 ])aris of 
iron. Gallium belongH to the alumnmini group 
of cleinonts, and is occaHionally to lie delected 
in oommercial aluminium ; it is tlii' cka-alumi' 
nium predicted by Meiideb’v'ff, ami was dis* 
covcrca by Boisbaudran, in JH75, by moans 
of apoctroscojuo analysiH, in tlio zineblondo of 
Pierrofitto iti tho Pyi’cnoos (Compt. rend. 1892, 
114,815). 

Forit<B electrolyt ic deposition and puriilcalion, 
see Uhlor and Browning, Amer. ,7. Soi. 19U1, 
fiv.] 42, 389; Richards and Boyer, Nat, Acad. 
Soi. Proc. 1918. 4, 388; J. Amor. Chem. Soc. 
1920,43,274. For its qualitative .separation and 
detoetion, v. Browning and Porter, Amer. J. Sci. 
1917,44. 221 ; J. Amer. Chera. Soc. 1921,43,126. 

Gallium is n bluish-wliite, hard, tough, 
slightly malleable diamagnetic metal; sp.gr. 
6*9, sp.ht. 0‘080 and of higher sp. resistance 
than the alkali metals. It fuses at 29'70'', 
forming a silver-white liquid of sp.gr. 6’096, 
resolidifying very slowly oven at O”. If, how¬ 
ever, a fragment of solid gallium is introduced, 
it Bolidifiee rapidly in pyramidal monoclinic 
crystals, and expands on freezing. Thft expansion 
on BolidiilcatioQ is 0'00531 c.c. per gram. The 
compressibility of the solid metal is 2'09x 10~®. 
Liquid Ga a compressibility of 3*97 xl0“* 
at do*’. The molten metal, if poured on to a 
lass, covets the surface with a bright mirror 
ke deposit. The metal is non-volatile at a 
Tsd heat, is slowly and superficially tarnished 
in air or water. It is attacked by tho halogens, 
and dissolves in hydrochloric acid and in potash 
solution with evolution of hydrogen. In nilno 
acid, it dissolves on warming, with evolution of 
oxidw of nitrogen. It forms liquid alloys with 
aluminium and indium. 

Compomids. QoUium oxide Ga,0, is a 
white po^er reduced by h^rogen at a bright 
• red heat, and, according to 'Winhler (Ber. 1890, 
28, 788), also by magnesium : the hydroxide is 
ina^ble in but sohiblo in alkalis. 

jGUori^, GaCif, QaClt« ^ o^fcUoride^ hrom- 
iedidett evlphaUSt avlpiki^, a nitrate, a< 


series of alums Ga|(S 0 <)«'(M)|S 04 , 24 H| 0 , and a 
silieciungstaie have been prepared (Dupr4, 
Compt. rend. 1878, 86 , 720 ; Boisbaudran, Ann. 
0hini.‘ 1877, [ 6 ] 10, 126; Wyrouboff, Bull, 
Soc. franc. Min. 1896,19, 240). Gallium chloride 
sublimt^ at a com}>arativolv low temperature, 
and may thus be separated from less volatile 
chloridoa. 

GALLOCYANINE r. Oxazinb coLOuniNa 

MATTERS. 

GALLOFLAVIN. 33uk dye, whicli can be 
tixod on mordanted fibrcH like alizarin, is obtained 
by tlie action of air. i.p. oxygon, on alkaline 
HoIntioiLs of gallic acifl. 'riin proctws of oxida¬ 
tion dopeiulH on the amount of alkali present. 
In pructieo, 5 parts of gallie acid arc dissolved 
in 80 parts of alcohol of 90'^Tw. and RM) parts of 
water. 'I’lie cooled solution is gradually mixed 
with 17 part« of caustic potash solution of 30°B., 
stirring nil the while, and never allowing the 
temperature to rise above 10'^. It is then 
exposed to tho action of oxygen, either by 
blowing air tlirougli it or by agitating it briskly. 
Tho progre.sH of tho oxidation shows itsolf by 
the liquor assiuning at first an olive-green or 
greenish-brown colour, until (inally a crystalline 
precijiituto sejiarates out. When the amount 
of this pn'C'ipitato no longer incroosw, the opera¬ 
tion is linished. 3'hc moss of crystals is quickly 
filtered, dissolved in warm watiar, docomposed 
with hydrochloric; or sulphuric acid, and boiled 
when the dye is precipitated in tho state of 
glistening grocnish-yollow platee. These are 
washed, and can th(*n bo applied for dyeing or 
printing. 

Galloflavin dyes cotton mordanted with 
alumina groonisU-yellow, which turns into a very 
brilliant yellow by treatment with tin crystals. 
Wool, mordanted with bichrome, is dyed 
nlivo-yellow, uoppor as mordant gives a d^k- 
brown, and stannous mordant duQ-orange. In 
practice, only chromo mordants arc usm, and 
tho shades obtained are fairly fast to light, soap, 
and milling, fast to dilute acids and al^lis, but 
du not compare favourably with the alizarins. 
Tho colour is somewhat sensitive to chlorine. 

Tho formula was first suggested 

for galloflavin (Bohn and Graebo), and subee- 
quentlv C 12 H 4 O 4 (Herzig). The substance 
crystailisos in greenish-yellow leaflets, is spar¬ 
ingly soluble in water, alcohol, and ether, more 
readily soluble in glacial acetic acid and aniline. 
The potamum salt C] 8 H 40 tK, (B. A G.) is a 
crystalline body which is insoluble in alcohol 
and cold water. The acetyl derivative 
Ci,H806(0C0CH,)4 

(B. AG.) or CtflH, 04 ( 0 'C 0 CH 8)4 (H.)cryBtalIi 80 i 
from benzene or ethyl acetate in white needles, 
m.p. 230® (B. A G.), 230®-233® (H.); is freely 
soluble in glacial acetic acid and chloroform, but 
does not dissolve readily in alcohol or etiher. 
The chloi^eiyl derii^ive Ci,H, 04 ( 0 ’CGCHf 01)4 
(B. A G.), is very little soluble in alcohol, etiier, 
chloroform, or Mnzene, easily soluble in aoette 
acid, and oi^ptallises in needles; m.p. 

Galloflavin, on methylation, yidds tetramdhM^- 
gaUajiavin C„H,0«(OCH,)4 (H.), crystaQte 
in felted, almost coloniiess needles mum aoe(» 
acid; m.p. 2^'’-239®. When this oompotmdii 
quiokly boiled with aqueons potash, sad 
treated with strong bydrochlorio aei^ H ytol# 
a crystalline substance, 
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C„HjOa(OCTI,) 3 COOH (H.), difficulUy Mluble 
in. alcohol, and cryntallining therefrom in fine 
white neodltw, melting at 263°-266®, with strong 
gaa OToiution. On methylation or cfttorification, 
this yields tdramelhflisogaUcrflavin 

C„HaO,(OCH,) 3 COOCH 3 
(H.), cryHtalliHing from alcohol in long noodlee ; 
m.p. 232'^-234“. llcated under reduced pressure, 
trimothylwogalloflavin lowee carbon dioxide, 
and a eubjdancc, OijHj, 03 (OOH 3)3 (H.), distils 
over at 27l)°-30()‘' (28 mm. preeauro), which sets 
to a yellowish-white crystalline nifws, is difficultly 
soluble in alcohol, ana can be crystallised there¬ 
from in white crystals; m.p. 130'’-134". On 
methylating trimethyii/fogallollavm witli aque¬ 
ous alcoholic! potjish and methyl sulphate, and 
finally with uiazoinothane, there is obtained 
a substance, 0 ,oHaU(OCH 8 ) 4 (('()OOii 3)2 (H.), 
orystallising out of methyl alcohol and molting 
at 92®-95°. I’liis sulwianoo is easily hydrolysed 
to tho corresponding dibasic acid 

0,«ir2O(O0Ha)4(COUH)2 i 

(H.), crystallising from dilute methyl alcohol, 
and melting at 214''-216‘’ with gas evolution. 
This dibasic acid, on boating under reduced 
pressure, loses carbon dioxide, and a monobasic 
acid CiolfaGCOdHsliCOOli (H.) distils over at 
2(l0"-289'’ (28 mm. pressure), which seta to a 
solid, and, crystallised from ethyl acotato, molts 
at 132”-135°. This series of transformations 
from totramotbylgalloflavin indicates tliat it 
probably coniainH two lactono bonds, and that 
galloflavin ilsolf may bo ropresentod as : 

(KV 00 

0 '0 

RefereMCcs. —Gcr. I’at. 37934, 188(1; Prdl. i. 
667 ; Knocht, liawson, and Loowenthal, Utlanual 
of Dyeing; JJolm ami Qniobe, Bor. 20, 2828: 
Herv.jg and Tschemc, Monatsh. 26, 003 ; Herzig, 
SitzungHl)erichto dor K. Akademie der Wisson- 
schaften in Wien. Math-naturw. klasse Bd. 119, 
abt. ii. b, Juni, 1910. 

OALLOGEN. GALLOL t'. Syt<thbtic drugs. 

GALLOTANNIC ACID t<. DigaUic acid, art. 

Tanitois. 

GALVANISED IRON i’. Zinc. 

OALYL. A derivative of salvarsan. 4 : i*- 
DAydToxyar8cnobenzone-3; 3''-pho8phamio acid. 
Used in the treatment of sypliiliR and other 
protozoal diseases (v. ARSB^' 1 C, Orqa^io oou- 
potrsDS of). 

GAMBINE. Nitroso-^-naphlhol {v. Quinone- 
OXTUE DYES). 

GABIBIR or OAMBIER. The Malayan name 
of an extract obtained from the IJncaria Oanibier 
(Rozb.). It is the terra japonic of tanners {see 
Catich^. 

QAHdOGE V . Qnu resins, 

QAJIHA ( 7 ) ACID. 2-Amino-8-nkphtbob6- 
sttlphonio acid. 

QAMHAM. A Tunisian dyestuff of un> 
known omiiL 

GANlFnBR. A local name of unknown 
origin for a hard siliceous sandstone occurring 

the coal-moasuTos of the north of England 
Formoriy it was employed as a road-stone, but 
now it u much vaed. for making lefiactory 
ganifiter* or 8 iliea*brioke and for the linings of 
eUel fumacei and oonvertoe. The name has 


been also loosely applied to other eilioeous 
materials used for making fire-bricks. In the 
typical locality, namely in the neighbourhood 
of Hhefiiold, the rock occurs beneath thineeams 
of coal at a definite horizon—tho Ganister group 
—in the lower ooal-mcat^urcs. The best bed, 
lying immediately beneath tho Tfard Mine coal, 
varies in thickness from a few inches to 5^ feet, 
with an average of 2^ {e(^t. Here it is a hard 
compact rock with a very fine and even-grained 
texture, and consists of sub-angular grains of 
quartz, mcxstly 0‘16-0*5 mm. across, closely 
packed together and cemented with secondary 
silica. No approcial)l(! amounts of mica, felspar, 
or carbonates arc present. Tho rock thus has 
tile (character of a quartzite. It is light to dark 
grey in colour, ancl is often iron-stained along 
tlio joint surfaces. It breaks with a splintery 
to 8 ub-cou(!hoidivl fiacturo with sliarp edges, 
(larbonaceous pateljos and streaks, and fossil 
tree-root*! arc embedded in the rock. It con¬ 
sists of 90-95 p.c. of silica with small amountfl 
of alumina, iron oxides, lime, and alkalis. 
Sp.gr. 2*69. Silica rooks of very much the 
same nature are widely distributed in most of 
tho coal-fields of England, Wales, and Scotland ; 
f.g. tho Dinas rock (or ‘ clay ’) from tho Vale of 
Noalh in Glamorganshire, which contains os 
much as 98 p.c. of silica. They pass insensibly, 
both laterally and vertically, into siliceous fire¬ 
clays (‘ bastard ganister ’). Tho rock is won 
by quarrying or underground mining, and is 
crushod, ground, and mixed with lime ( 1 - 1 } p.o.) 
or firo-olay to act as a binder. I'bis mixture is 
moulded into bricks, which, after drying, are 
tired at about 1690^', or it is applied directly as 
a furnace lining, or used for sotting the bricks 
and patching and repairing furnaces. Canister 
is also ground to a fine sand for use in casting 
iron and brass (t'. Mineral Resources of Great 
Britain, Mem. Geol. Survey, 1018, vol. vi. 
(2ndedit.,1020);andl^,volivi.; A. B.Searle, 
Refractory Materials, London, 1917). L. J. 8 . 
OARANCEUX and GARANCINE t;. Madder. 

GARBAGE FATS. Under the name ‘ gar¬ 
bage fats ’ may be comprisod all those fats con¬ 
tained in house and other refuse which do not 
1 find their way into the sewers. Such refuse is 
generally collected by the municipalitief and 
destroyed as soon as possible, the primary 
object being to remove it rapidly from inhabited 
areas and dispose of it in a sanitary, or at any 
rate in the least objectionable, maimer. The 
: system in vogue in this country, and rapidly 
I Bupersoding ^e older method of dumping on 
waste land, is to destroy the refuse in specially 
designed deetructorR, after a rough sorting out 
of tins, iron pots, old leather, &c., hM taken 
place in the destructor works. Thus all putres* 
cible matter, together with tho fat present, is 
destroyed. Hence efforts have not be^ wanting 
to recover the fatty matter. In the United 
States of America especially methods for the 
disposal of garbage have developed. An 
early process (worked in Buffalo about 1^5) 
consisted in. extracting the garbage with light 
petroleum. This has, nowever, been supeneded 
Dy cheaper prooesses oompzued under tlie tenn 
* reduction prooes^.’ These prooesses aie my 
simUar to the methods used in the nnderiBg 9 
fish oils (ms on»), and dao^Mti 

house greases. 
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In •evflcal cities of America, the Arnold* 
i^ertcm {tfooeea is worked, in which the fatty 
matter is extracted by purely meohanical means. 
The garbage is deliverM into largo digostors, in 
which the mass is boiled with steam. After 
boiling at 80 Ibe. prossuro, the whole mass 
ooUeots into three layers, tlio top layer of wliich 
forms the separated grease. This grease ih sold 
for the manufacture of low-elass soajjs and low* 
class lubricants. It has a dark-brown colour, 
and is characterised by a large amount of free 
fatty acids and unsaponihable inntter. Not 
infr^uently it dcvolopH an unpleasant odour 
when kept. J. L. 

GARCINIA INDICA (Choifly). A ]ilant 
belonging to the order Gidftfe.roi. The pericarp 
of the fruit is used at (loa as a spice, and the 
blood-rod acid juice as a lomona<le. The Roods 
yield 30 p.c. of fat, which contains 50 p.c. of 
stearic acid. Tlio cake left after tlio removal of 
the fat contains a fine rod colouring matter 
soluble in water and alcohol (Houis and Pimentel, 
Compt. rend. 44, 1355). 

GARDENIA GRANDIFLORA. The fruit of 
the Oardenta grnndijiora, known a^^ ‘ Worigsky,’ 
is or was employed in ('hina for dyoing yellow, 
os an assistant for the produotlon of green 
colours, and in conjunction with safflower. 
According to (Irookw (Dyeing and ('alico 
Printing, 422), it hos not been mucli uH(‘d in 
this^ country, and the yellow and orange colours 
it yields are of a somewhat fugitive cliaractcr. 

RoclUoder and Mayer (J. pr. (’hem. 74, 1) 
isolated from it iioctin, the rubichlorio acid 
(ohlorogonin) which is prtwent in Madder, Chay* 
root and Morinda root (l.c.), tannin, and a rod 
amorphous colouring matter apparently identical 
with the crooin of saffron {Crocun fiaiivus). 
Persoz obtained the colouring matter os a roddish 
orystaUino mass (drookos, he.), and found that 
this dyed cotton when mordanted with alumina, 
yellow, and when mordanted with iron an olive 
colour. 

In Bancroft’s Philosophy of Permanent 
Colours, i. p. 285, mention is made of the use 
of the Oarae7iia ftorida by the Chinese for the 
dyeing of scarlet under the name of “ unki.’ 

The Deeamalee or Dikamali gura, which is 
obtained in India from tbe Oardenia hicida, 
contains, according to Stenhouse and Groves 
(An^len, 200, 311), gardenin m.p, 

163®—164®, and this was isolated as dbep yellow 
crystals insoluble in water and alkaline solutions, 

A. G. P. 

GARLIC. AUiiim sativum var. vulgare (D611.). 
A ^lant extensively used as a condiment in 
Sp^, Portugal, Northern Africa, and other 
countries. 

K5nig gives as its average composition— 
W^r Protein Fat Carbohydrates Fibre Ash 
6-8 0*1 26-3 0-8 1-4 

Among the carbohydrates is included 0*9 p.c. 
of pentosans. The characteristic odour and 
flavour of garlic are due to an essential oil, 
amomting to about 0*2 p.o. of the weight, 
wbich consists znainlv of allyl sulphide and ^lyl 
uothiocyanate, the former largely predominat- 
A wild epeoies, AiZ»um vtneaUf is a 
S?” k??* 'weed in paetures and meadows, 
ga when eaten by dmry cows imparts its 

nsagreeable flavour to the milk, H. L , 


OARRET (Oer. CfrantU; Fr. OrtHOi). A 
group of minerals differing widely in 
composition, but all conforming to the general 
orthosilicate formula R,"R/"(8i04),, wheie 

■ R"—Ga, Fe, Mg, Mn ; and Pe, Cr, or 

i rarely Ti. Th(» following principal types may 
I be distinguiHbed :— 

; Cttlolura-lron-Karnel Ca,Fe,8l40,|Andradlte 

■ CalcIum-chromium-gnTiM^t Ca jCr*Sl ,Oi» Uvorovita 

; Calciuin-alumlaliim-garnot Ctt,Al,8l,()„Oro8Sttlartte 

' Iroii-aluraiulum-Rarnet FcjAljSljOnAlmandlne 

Maguosium-alumiaiuni-Kornet M«jAljSl,OnPyiope 
MauRanefle-alumliiium-ganiot Mn3Al|8ig()j|SpesBsrUte 

Only exceptionally is tlio composition of 
; actual garnet crystalM an repn-Montod abAve. As 
I a rule, several, or even all, of these eoinpounds 
! enter into isomorjihous mixtures ; and whilst 
i there is generally a preponderance of one or 
; other of them, this is not always the case. All 
‘ tho mombors of the group crystallise in the cubic 
[ system, usually with the form of the rhombio- 
; dodecahedron or tho icoaitetrahedron, or a com* 

. bination of those. 7'he crystals are often 
I rounded or granular in form. There U no 
I cleavngo, and the lustre often inclinre to 
: rosinous in character. Corresponding with the 
. wide range in chemical composition, those 
minerals exhibit a wide range in eolour (yellow, 

; brown, red, green, black, rarely colourless, but 
not blue), transparenov, sp.gr. (3*16 to 4*3), 

' hardness (6|-7J), and mode of occuirenoo. 

; They occur os primary oonstitiiente of igneous 
rocks; in gneisses, schists, and crystitiline 
I limestone; in veins and encrusting tne walls 
! of crevices in rocks. Granular rocks composed 
wholly of garnet are also known. 

Tho chief application of garnet is as a gem¬ 
stone, of whioh there are several beautiful 
I varieties. Hcsfimile, or cinnamon-stone, is a 
variety of calcium-aluminium-gamot, contain¬ 
ing small amounts of ferrous and manganous 
oxides; its colour is a warm yellowish-red. 
i Almandinfi is deep red, often with a violet tinge. 

\ Pgrope (Bohemian garnet, ‘Capo ruby’) is a 
' fiery red. lihodolitr., a variety midway between 
almandine and pyropo in composition, is remark* 
able for its delicate rhododendron-red colour. 
Demantoid is a calcium-iron-gamet of a rich 
omorald-greon colour and with a brilliant lustre. 

Garnet is also used as an abrasive agent, 
mainly in the form of sand, for sawing <*^4 
grinding stone and for making garnet-paper 
(often sold as ‘ emery-paper '). Owing, however, 
to its.lower degree of hardness, it is 5 less value 
than corundum and ornery. Practically the 
whole of the massive garnet used for this 
purpose is mined in the eastern United States, 
principally Now York, but also Conneotiout, 
Pennsylvania, and North Carolina. The ootput 
amounts to about 6000 tons per annum, valued 
at about 6f. per ton. Tn the gamet-mining dis¬ 
trict of tHb MittlegeUrra in northern Bohemia, 
the small material, leR after picking out the 
stonee suitable for cutting as gems, is used for 
gravelli ng ga rden walks. Jj. J, R. 

GABRIM!TE. a hydrated silioate of mag. 
nesium and nickel, of importance os an ore of 
nickel. It is soft and earthy, greasy to the 
touch, and usually of a br^ht ap{d»g;rsen 
colour; Bp.gi'. 2‘3-2‘6. The oomposition is 
variable 36-62; MgO, 2-37 ; NiO, MO; 

H,0, 10-^ and the material is prbbal^ 
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a mixturo. It may be regarded na a hydrated 
magneBium Hilicato, aUiril to Horpentine, in 
which variable proportioriH of magnesium ore 
replaced by nickel. 'I'lie darker green varieties 
are KonicinTH!H diKtitigiii.'<hed by the name 
noumrik (from Moiinum in New Caledonia), the 
name garmontc (after Jules (iarnier, the dis- 
covoror of the Now (’akMlonian nickel ores) being 
Tosorved ftir the lighU^r-coloured varieties. A 
ehocolate-(!ol(lur<^d variety, containing iron, has 
been eall(Ml cIuH'olik (,l. (Jarland, NicKol Mining 
in New (’ahslonia, Trans. Inst. Mining and 
Metall. lKk4, 2, 128, 224). Nrp<mik, from 
Ni'pnui, New t'aledonia (K. (llassor, (k)mpt. 
reinl. HK)U, 14:i. IITII), is a iimdy erystallino 
variety for wlueh tiie formula is given as 
3{Ni,Mg)0’2Si0a,2II.,(>, the amount of niekel 
oxide ranging from IK to 51) p.i^. 

TliOHo minerals oeeur ni veins traversing 
Rorpentino rocks in tlu’ neiglilxiurhuod of 
Noumea, or Numea, tln> enjiit.al of New (lalo- 
donia ; and, like the Herpeut-ino, they have been 
produoed.by the alteration of pendotito rocks, 
the olivine of wlueh contains traces of nic'kel. 
Over lot), 000 tons of tluvie nickel onvi are ex¬ 
ported annually from New CaliMlonia. 

Largo dejiusit-s, forming beds 10 motres in 
tiiieknoss, of the same tyjie of ores oeeur, also 
in connection with RcrpentmeK and olivine rocks, 
at lliddloH, in Douglua t'u,, Oregon. The nickel 
mineral from tins locality is somotinuw referred 
to ijcMOdte, 2NiO*2MgU'5SiO!j,OH^(). Other 
similar occurrencea are mot with and to some 
extent mined at Webster in North (Carolina, at 
Texas in Lancawier (!o., l^nnuylvania (f|;en* 
thito), ivt Revda in the Urals (revdanskite), 
and near li'rankenstein in Rrussian Silesia 
(pimolite, alipite, &c.). 

On the New (’aledonian oroa, Sfc A. Liver* 
Hidgc, The Minerals of Now South Wales, &c., 
1888, 275; F. J). Power, Trans. Inst. Mining 
and Metall. 1900, vol. 8, 420, with bibliography ; 
E. Glosser, Ann. doa Minea, Paris, ltX)3, aer. x. 
vol. 4, 363. L. J. S. 

GAS, AIR. When a current of air is passed 
over or through a volatile liquid hydrocarbon, 
such as petrol, gasolene, or benr.ene, the air 
becomes chained with a certain amount of the 
voTjour from the hydrocarbon and is rendered 
inflammable, the mixture being known under 
the name of ‘ air css.’ Of the various hydro¬ 
carbons that have oeen tried, petrol has proved 
to be the most useful, on account of its extreme 
volatility and froedora from impuritiefi which 
have a slower rate of evaporation. 

Petrol is the first distillate from the crude 
oil as it comes from the oil well, and consists 
largely of pentane CjH,., hexane C|H,4, and 
heptane C,H,a, the first liquid members of the 
great paraffin group of hydrocarbons. It is 
volatile, and has a flash-point below the freezing- 
point of water : one gailm of petrol on being 
vaporised, will give 28*4 cubic feet of vapour, 
wmlst a pint of it poured on a level surface will 
oov^ about 80 square feet with an inflammable 
vapwr, through which, on eomiiig in contact 
with a light, a flame will spread ; and 100 cubic 
feet of Mr can be made highly explosive by the 
vapour from a pint of petrol. 

Attempts to produce an illuntinating gas by 
ouburetting air with the vapour of some volatile : 
hydrocarbon, date back to 1841, and until 1889 


the mixture was mado rich enough to produce a 
luminous flame. This meant that a largo per¬ 
centage of vapour was required, but on this 
account, and also by reason of tlie varying 
quality of tlio hydrocarbon employed, as well 
as the inoflicicncy of the carburettors, it proved 
very difficult to maintuin the production of a 
gas of uniform coranosition, with the result that 
the amount of liglit obtained at the burners 
fluctuated. Owing to these drawbacks, tho 
development of lighting by means of ear- 
buretted air remained in abeyance until 
the introduction of petrol of fairly unifonn 
conipo-sition for motor-ears and tho extended 
use of the iueandeseent mantle tumod tho 
attention of inventors once more to tlin possi- 
bilities of the jirocees. 

Using an ineundeseent mantle, there ia no 
need fcir a rieli gas, so that the jiroportion of 
hydrocarbon vufjour can be reduced to a con- 
aidoruble c.xtent, thus doing away with many of 
the troublew atteiuling the carburation of tho air. 

If air bo passed over or through a vessel 
containing petrol, the resulting mixture is of 
very uneerfain composition, as at the eommonco- 
mont the more volatile, constituents evaporate 
very quickly, yielding a gas whieli is far too 
rieh, whilRt at t he end of the operation, owing 
t>o tlie loss of those lighter portions, the residuo 
does not evaporate at anything like tho same 
rale, ho that the air cannot take up the requioito 
amount of vapour, and the gas is of poor quality. 
Moreover, wnon evaporation takes place, a 
certain amount of heat is absorbed or rendered 
latent, which reduces tho temperaturo of tho 
letrol in tho carburettor, and as tho temperature 
alls, so it evaporates less readily, thus atfeeting 
the conqiosition of the mixture. It is ussonti^, 
for obvious reasons, that a gas supply, whether 
for heating, lighting, or power purposes, should 
be as eomtant in quality na poasinle, and this 
has led to the introduction of a host of devices, 
the aim of which is to secure a gas of definite 
and uniform eomposition. 

In tho majority of air-gas generatore in use 
at the present time, tho incandoscent mantle is 
employed to develop light from a mixture of 
petrol vapour and air so poor in hydrocarbon 
that it givos a non-luminous but sufficiently 
hot flame to raise the mantle to incandescence. 

When petrol vapour is added little by little 
to air, it gi found tnat with U2 p.c. of vapour, 
a flame will just travel through the mixture; 
with 1‘5 p.c., the mixture bums under proper 
conditions; whilst with 2 p.c., the mixture 
becomes explosive, increases in explosive force 
up to 2*6 p.c., and gradually diminishes in 
oxplosibility until 5 p.c. of the vapour is pre¬ 
sent, when it becomes non-explosive and bums 
quietly once more. 

It is clear, therefore, that if a mixture of 
from 1*6 to 1*8 p.c. of petrol vapour with air 
can be made, such a gas will bum with a non- 
luminous flame in a properly constructed burner 
without the addition of more air, and which wiE 
have sufficient flame temperature for use with 
a mantle, whilst it has the enormous advantafle 
that, if through a leak it should escape into the 
air, the admixture of more air with it renden 
it non-explosive instead of, as in the case of 
orfl^a^ coal ga% gi^ng an explcuve mixtort^ 

This prepay was first utilised by Hoabar 





m 


QM AIB. 


ia hi« Mfety air gas, and haa been the objective 
of all lur-gaa apparatus makers sinoe his time, 
as it enables somothing like 1400 to 1600 cubic 
feet of air gas to bo made from a gallon uf potrol, 
and yields most ocunomical results, as in 
proporiy constructed burners such gas will give 
about 0 candles per cubic foot consumed with 
an incan<^cont mantle. 

Combustion, with the bt^ttor ([ualities of 
petrol, is represented by the following cc^uation:— 
2C,Hi4H-iyOa= 12CO^+ 14HjO 

At the present time, air-gas ajijiaratuB may 
bo divided into two classes : 

(1) Those which give an air gas containing 
over 5 p.c. of tlio hyclrocarhou vajiour, ana 
therefore rtiquire the a<lditK>n of air in a Jfuiuson 
burner before comliustion in the mantle ; and 

(2) Those in whicli the peroenlage of hydro¬ 
carbon vapour is under 2 p.c., and tiuf gas is 
burnt in burners (^f jiroper construction witiiout 
tho addition of more air. 

To the lirst cbiss Uihmg such forms of 
apparatus os tlio ‘ Acrogcu,’ in wliich the gas is 
aitcrwards burnt witli u further addition of air. 
Such forms of a])|»ttru1<u8 have been in use on 
the Continent for many years, in some eases 
being utilised for the lighting of largo villages 
from a central supply station. '!’(» the second 
class belong by far tho largest nutidicr of genera¬ 
tors, such as tiiosu whici) iiuvc from time to 
time made tlicir appearance under such names 

the ‘ Non-cxplosivu Cas,' the ‘ Praed,' the 
‘ Eos,’ tlie ‘ iSafety Light,’ tlio ‘ National,’ tho 
‘Globe,’ tho ’Loco,’ ‘Solui,’ ‘Centenary,’ and 
several other systems. 

In all those forms of macliinc, tho ajipuratus 
is designed autotnaticully to mix or evaporate 
the potrol with air in tho right iiroiiortion, no 
matter whether it supplira a large, or small 
number of lights, and in order to do this it is 
useless to employ carburottors in wliich a eurrent 
of air flows over tho surface of or ilirougli the 
petrol, and tho best results are obtained by 
introducing small (|uantitios of petrol into a 
carburettor of suitable form, whore it meets 
with exactly tho amount of air ncccsisary to 
vaporise it entirely, producing the gas of the 
required ooinposition. This is done in several 
ways. In one typo of auparatus, a current of 
air is fort^od by a fan driven from a hot-air 
engine through tho carburottor, where it nioots 
with tho supply of potrol, which is pumped up 
from a storage tank below tho apparatus, and 
entering the carburettor at tho top in the right 
ratio to the air supply is injected into the current 
of air as a spray, thus ensuring immediate 
volatilisation. 

In another typo of machine, tho flow of 
potrol to tho carburettor is regulated by a 
mercury voire contained in a chamber outside 
the carourettor. As the level of the potrol in 
4he carburettor sinks, so the mercury seal is 
^Opened, allowing more petrol to flow into tho 

t ^^J^burettor in just suflioieut quantity to replace 
Qm loss. In a third system, the air is forced in 
ough a rotating meter, the revolving spindle 
which works the regulator of the potrol tank. 

. t he carburettor, the petrol flows on to the 
muiooe of a sphere or ball, round which the air 
"Omde to circulate in such a way as to com* 
evaporate all the petrol, the mixture 

; : ,iyou m.— 


being, at tho same time, well agitated by a fan 
to onsure thorough mixation and uniformity of 
oomposition. 

Another form of apparatus oonsistB of a 
multi-chambered turbine arrangement, ^he 
petrol and air in definite quantities are admitted 
into each chamber in sucoession, and violently 
agitated therein, with tho result that the 
petrol is almost instantly vaporised, the 
carburotted air btung discharged into a central 
mixing cliambcr into wliich tho gas from each 
chamber flows before it pusses oil to tho holder. 

Tho motive power for tho production of the 
uecoHsary pressure of air can Ui obtained by the 
slow descent of a weight, by water power, or, 
rao.st generally, by a hot-air engine actuated by 
the eombustiuii of a small portion of tho air 
gas itself. 

Tho drawback to the use of a foiling weight 
iH that, unless au abnormal length oi fall be 
arranged for, its period of working is com* 
paratively short before it requires winding up 
again. Water is reliable, and servos well wlioro 
a supply is available, but the cost is high if it 
has to be ])uid for. The hot-air engine as now 
made (^onsuiiu^ but a very small amount of 
gM.s, and iH of simple ycL reliable construction; 
Jt runs noisolosKly, and cun keep at work 
fur indefinito periods with tho minimum of 
attention. 

Tho burnerH ompluyed for the combustion of 
the air gus naturally vary with tho quality of 
gas made, os with gas containing below 2 p.c. of 
vapour no admission of air before combustion is 
needed, and the burnci's have to be packed with 
small tubes ur wire gau7.o, so that if by any 
chance an explusivo mixture is formed in the 
generator, owing to the amount uf petrol vapour 
having risen tu over 2 p.c., flashing back to the 
regulating apparatus, and so causing an explo¬ 
sion, woind be prevented ; with those znachmes 
wliich give a mixture richer than 6 p.c. in vapour, 
a burner of the ordinary Bunsen type, capable 
of very delicate adjustment, has to bo employed, 
but in no case must an apjiaratus be installed in 
wliich there is no arrangement, such os a safety 
chamber, between the burners and the regu¬ 
lating drum for tho prevention uf a flaih- 
back. 

With regard to tho installation and distri¬ 
bution of the gas, owing to its sensitiveness to 
atmospheric cunditions, great attention should 
be paid to the arrangement of tho falls in the 
pipes, and Kiphons should bo inserted where 
there is any (ihanco of a deposit accumulating. 
It must be mentioned that the chief drawba^ 
to petrol-air gas is tho very heavy oondensatloD 
which occurs in tho distributing pipes, and in a 
few instances, where prevailing conditions are 
amenable to the deposition of moisture, the 
system has had to be abandoned almost wtirely 
owing to ^he troublq arising from this oaose. 
This is particularly the case when plants are 
employed in which heat is employed for Meeting 
vaporisation, it is an advantage to ose {|Pee 
of rather lar^r diameter than would be adaped 
for coal-gas l^hting, especially for iostaU^MM 
producing a weak gas, as the volume of gH 
oonsumed per candle power is more than donlm 
that of gas, but existii^ pifM can oe 
utilised in many cases, providing they are not 
lees than | inch in bore. As regards the 
• •» ' ' 
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the ordinary coal-gtie littingo caii genorally be 
employed, providuu tho aaa way u of sufficient 
size to be consiettont with iFio extra volume of 
gas oonsurucd. 

The heating power of air gas is of courBO 
depondout upon the ]>oroontago of petrol vapour 
which it contains, and as the different com* 
luercial niakoe of petrol, benzene, Ac., which 
could be employed in hucIi plaiiU vary, it is 
z^eseary to know not only the percentage of | 
petrol vapour present, but tho source of such j 
vapour. WhereoH for lighting alone a gas of ! 
low calorilic jiower may bo employed, for such ■ 
purpoHOH HH cooking and heating the mixture ' 
should bo of about (> ji.c. saturation when a 
gas of about iUK) )i 'I’IlU. will be obtained. 

'I’ho calorilic jiowcr of slanilnrd grades of 
spirit employed in air-gus machines and internal 
eombustion engines varies Ixdwwui 1110,000 and 
135,000 H.'l'hilh }((T gallon, density at 15“ 
ranging between O tiy andO'72. 

The enormouH im rcase in the cost of petrol 
occasioned by t he European war reacted very 
much to tho disadvantage of air gas, for, on the 
basis that I gallon of sjurit yields 5000 candle- 
power hours, tho caiidlo hours obtained for Ic/. 1 
amount to only 120 with petrol at’ 3s. U'/. per ' 
gallon. In contrast to this, it may bo mentioned ; 
that ordinary coal gus at a price of 3.'*. tk/. per | 

1000 cubic feet yiehls in llie low-pnvisurcinvortod ! 
incandescent burner bu much os 480 candle liouiv. j 
V. 11. h. 

OAS CARBON i'. C!auuo» ; also Gas, 

CoATi. 

GAS, COAL. During tho 17th and 18th 
centuries, several observers noticed tlie evolu¬ 
tion in the neighbourliood of coal-tiolds of com- i 
bustiblo goa, whirli burned witli a luminous | 
flame, and also that a gas of this nature was i 
produced by the distiliation of coal in closed ; 
vessols, but tho first to carry out the iirocess of ; 
tho distillation of cool for t)ie special jiurpoMi of i 
producing a gas for use as an illuniinant woa | 
William Muriiocb, wJio, in 1702, lighted his ; 
house at Redruth l>y this means. At that time, ; 
Murdoch was in charge of James Watt’s con- | 
doDsing Htea.m engines recently erected at ' 
Gomisn miimH by Mcssix. Boulton and Watt, of i 
which firm lie was the representative, and on j 
returning later to the works of Meesra. Boulton j 
and Watt at Solio. Hirmmghani, ho continued : 
hj* work on tho subject, and, probably in 1708, j 
lighted a part of tlic works with coll gua. In- I 
depondently of Murdocli, but at a rather later j 
date, Philippe Ix-bon of l^oris also emplovod for | 
lighting purposes the gas evolved by the die- j 
tdlation of wood, the date of his lint patent | 
beiiu 1790. I 

from 1803 onwards, installations of coal-gas ‘ 
plant were introduced for lighting various 
homes pnd faotorice, largely by Murdoch and 
Boulton and Watt, but tl;^ey do not .appear to 
Uavo oontemplated the erection of wo»8 for a 
pubiio supply of tho gas, although this plan had 
MW advocated already by Lebon. F. A. Winsor 
of Winzer, a native of Moravia, ^had become 
aoouainted with Lebon's ideas when in Paris, 
ana on settling later in London, ho commoncod 

agitation for the foundation of a company 
for the manufacture and supply of oou 
> gaa» and marred thousb his efforts were by 
gm eztxavagaaoe of vtatement and un¬ 


justifiable claims, they were novertheleBS 
eventuallv succesaful in 1810 in obtaining 
an Act of Parliament for the formation of a 
Statutory Company in London, which two 
years later receivea a charter of incorporation, 
and still continues under tho name of the Gas 
Light and Coke Co., London.^ 

From this time forward, tho mgnuiaoture 
and public supply of coal gas has steadily in¬ 
creased, but until tlie lust (juarter of tho 19th 
century, the coal gas wtis almost exclusively 
employed for illuminaling purposes, by utilising 
the lummositv developed by burning it in open 
flames, and ite quality of chief importance was 
its illuminatihg power. During the last 40 
years, however, the conditions have completely 
altered, owing to steadily increasing employ¬ 
ment of tho gas for the purposes of heating and 
cooking, and for the production of power by 
its use in gas cngim-s, for which purposes the 
calorific power of tlie gas is the chief factor of 
importance. Moreover, since tho introduction 
of the incandescent bunior by Auer von Wels- 
bach in 1887, this method of ligbtiiig, in which a 
mantle compoHcd of thona and ceria is heated 
to incamhscence by a Buns(‘n flume, has, to a 
very gri'iit extent, rephu’ed tlio open flame 
burners, the numlici of whicli is stnl steadily 
decreasing, probably less than 5 n.u. of tho gaa 
supplied being now thus used. With the 
incandosecnt burner, tho light evolved is 
dependent mainly, though not entirely, on the 
calorifle power of tho gua, but hoa no direct 
connection with its illuminating power when 
burnt in ojion flames, so that at the present 
time, HO far as the great bulk of tlie gas supplied 
is concerned, its ealorifle power is the property 
of primary impoilancu. 

During tbe last 50 years, gA^at progress 
lias also been made in tho manufacture oi gas 
having low illuminating power, and containing 
a large proportion of inert gases such os nitrogen 
and earmm dioxide, but whudi eon bo produced 
at u low price and has still sufficient calorific 
power for employment in gaa engines and for 
furnace licating, and such gas ft now also {at>- 
duced in very large quantities, being, in most 
cases, manufactured at the works where it ia 
roquirud, and not distributed from a central 
station {sc^ Fuel). Here, however, only thfl 
production of what is ordinarily known aa 
* coal gas ’ will bo considered, that is, the gai 
^tributeif for public use and capable of beSng 
employed at the desire oi tho consumer lof 
lighting, heating, or power purposes. ThO 
magnitude and extent oi this industry and the 
manner in which it has extended during 34 
yoai-s is shown in tho table (p. 307), giving 
the summary of tho figures in tho Board oi 
Trade returns from all authorised gas under¬ 
takings belonging to 816 statutory gas com¬ 
panies or locu authorities for the years 1885, 
1909, 1913, and 1910. 

This table does not include the prodnotion 
of private companies, but their total output ii 
very small, and would not materiany affe^ < 
figures. The total amount of coal oarbonlied 
by these small private undertakings, some 800 in ’ 
number, is not more than 500,000aninia&^y. 

> For a fall eooannt of the early Uitary, ms A., 
Hlstoryol tba latcoducUoa of Gas TigbHai, v., 
Hunt /waiter Htaig). 
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Capital 
or loan 
authorised 

Paid Up and 
borrowed 

Tonsol Number of | Number of 
coal car- cubic feet of cubic feet ot 
bonlsed gas made : gas sold 

length 
ot gas 

maln« In 

miles 

Number 
of oon- 
sumers 

Number 
of public 
lamps 
lighted 

1886 . 
1909 . 

1913 .i 
1919 . 

£ 

71,863,267 

154,500,093 

163,346,673 

176,363,107 

£ 

36,513.570 

132,123,284 

130,727,277 

149,978,436 

tliousanda thousands 
8,378,904! 84,637,727 77,393,670 
15,226,320:i93.547,394;177.6H6,943 
16,971,724!224,617,167 206,474,473 
19,033,712 249,666,414 228,637,998 

18,967 

35,230 

39,079 

40.109 

2,005,026 

6,164,060 

7.103,113 

7,640,133 

402,074 

712,903 

741,703 

643,712 


In addition to the goa outptit, coke, tar,' layora of thia material. At a rather later date, 
and ammonia are alMO produced in largo quaii- hydrated ferric oxide, placed in similar purl* 
titles as by-products. The exact figures for fiers, was employed for the removing the sol- 
coke and tar are not available, but approxi- phurotted bydrogon, the carbon dioxide being 
mately 7 to 8 million tons of coke and 1(K),0(X),000 then either separately removed by lime at 
gallons of tar are now sold annually from gas- , allowed to remain in the gas. 
works alone. The production of ammonia from i After the coal-gas industry became firmly 

f asworks in 1020, calculated os sulphate, was established, there was, as already stated, for a 
76,196 tons. ** long time no material alteration in principle in 

PrlnciptoS ot manufacture. Up to within the manufactun^ but very considerable changee 
the last few years, the method of manufacture j took place in the details of the plant and in the 
of coal gas has remained in its general principles \ construction of apparatus of largo sir.e to deal 
almoet identical with that employed by Murdoch J with the constantly increasing demand. Until 
and his immediate succiwsors (prominent among I about 1880, gas undertakingn were subjected to 
the latter being Samuel Clegg, wenr., and his son, but little effective competition from other moans 
Samuel Clegg, junr.), althougli in detail and in ; of producing artificial light, especially in towns, 
the magnitude of the u{)erations, great cliango i but from that time, comfiotiLiun has steadily 
has taken place. vSo far as the actual carbonisa-' increased, on the one hand from the eleotrio 
tion of tho coal is concerned, Murdoch, after j light, and on the other from the introduction of 
experimenting with different typew of retort, | cheap mineral burning oils, and tho stimulus of 
settled down to the employment of lung, narrow j effective competition has resulted in a much 
retorts set horizontally, into which the coal was ' more rapid advance, both in the teobxucal 
charged all at once in such a manner as to leave i aspects of the manufacture of tho gas and in the 
a free space above tho coal throughout the whole commercial methods adopted in its sale, 
length of the retort, the cliarge being then j The technical advances have, until recently, 
allowed to remain in tho retort until it was com- involved nogroat alteration of principle, and have 
pletely carbonised, when tho residual coke was consisted generally in improving the efSoicnov 
raked out and the retort recharged with coal; and economical working of the plant employea, 
and this plan is still the one employed in tho and in the introduction of mechanical transport 
majority of casee. At first, cast-iron retorts for tho large quantities of material which have 
were used, but tho rapid wearing out of these, to bo dealt with, including tho adoption of 
especially when the tiimporaturo of curbonisa- labour-saving machinery. Further, the tem- 
tion .was increased, soon led to tho substitution ; peratures at which the coal is carbonised have 
of fireclay for east iron, and such fireclay retorts ■ boon increased, resulting in a larger yield of gas, 
have long been .in universal use, except in a ; per ton of coal, and although such gas is of lower 
few very small works. illuminating and calorific power, tho falling off 

The further treatment of tho hot volatile is much loss than the increase in yield, especially 
products issuing from the retorts to obtain as regards the now more important quality ot 
a gas suitable for distribution, still gene- calonfio power. In consequence of these changes 
rally follows the lines adopted in the earlier and the increased use of gas for other purposes 
days of the industry. These products are first than that of lighting, which has resulted in a 
corned to approximate atmospheric temperature, more uniform demand for gas over the 24 hours 
when the condensible vapours liquefy, forming of the day and in the summer and winter 
tar, and the steam always present in quantity months, the price of gas had, up to the outbreak 
condenses to water, the latter then dissolving of war in 1914, dn the average, steadily fallen, 
part of the ammonia present in the gas as well in spite of the fact that the cost of the raw 
oa other gaseous impurities, especially sul- materials and the rate of labour remuneration 
{Curetted hydrogen and carbon dioxide. The had risen oonsiderably. 

remainder* of too ammonia is removed by The actual price varied very much, ocoord- 
washing with water (wet purification). For Ing to local conditions, such as the magnitude 
the iurther purification of the gas, the latter, ^f tho works and its distance from suital^ ooid 
aftw removal of the ammonia, was in the supplies, fiSid also wfth the character of the 
earliest stages of the industry passed through financial and technical administration lA the 
milk of lime, which removes the whole of the undertaking, both in the present and in the past, 
jpd^aietted hydrogen and carbon dioxide, and Up to the yegr 1914, the lowest price chiutgad 
Bone of the carbon disulphide present in small was Is. 2a. per 1000 cubic feet for gnml , 
anoimt, but the use of milk of lime was soon purposes and Is. per 1000 cubic feet for poww 
iwj^aoed by that ol slaked lime in a slightly purposes, and except in the case of small undef- 
Uoiat oonmtion (dry purification), placed in takings at a distance from Uie ooahfielda* Ibi 
liiyen’ in a dosed purifier constraoted in such a price rarely exceeded 3s. 6d. per 1000 ou^ feet, 
momr tfkat the gas filtered through succeseive fflnoe the year 1914, howerer, the TOIV 
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great inercaao iii the ccwl of coal, plant, inatcrials, 
and labour has resulted in a corresponding 
largo increase in the cost of gas, and whilst as 
boioro the price charged in different parts of 
the counlrv varicH greatly in accordance with 
local cunditionH, iluw now generally amounts 
to about double, the pre-war charge. At the 
same time a material rtKiuclion in tlic oalorilic 
power of i}i<^ g»iH lias taken place m most cases, 
partly due to the coal and oil Hhortage?, partly 
to tlu' dilliculty of maintaining the manufactur¬ 
ing plant in cllicuml n‘j)air and of building 
extensions of plaid, and partly owing to the 
ni'CCHsity for war purfioses of extracting tin; 
beii/.ene ami toluene c<intcnt of tlic gas. Owing 
to this abnormal stab' of affairs, the various 
statutory stipulations as to tiie talorihc or 
illuminating power of the gas to Im’ supplied hy 
the various gas untlcrtakings were practjeally 
susponded during tla^ latter part, of the uar 

f eriod. At its eorieluHion the I'liel Keseareh 
ioard of llie I h’part iiumt of Si ienlific and 
Industrial Hi'seanli weie aski'il by the Ooveni- 
nicnt to rejxu't on the matter of tiie future control 
of the industry, and their recommendations, 
moddieil in eeitain details after eonsnh'ration 
by the Moanl of Trade and eonsultutioa with the 
(las Industry, w(Te made statutory by the (las 
Jlcgulatiou Act of 

Ily tins Aet> fundamental and far-rcaehing 
alterations were made in tlie conditions under 
wliich statutory gas undorlakings were to cany 
on their ImsinesH. Up to the year 1913, the 
general principles adopted in the control were 
as follows : In tlie ease of gas undertakings 
euntrolled by Local Aulhontii'S, a certain 
miiumum illuminatnig power was prescribed in 
the Hpeeial Aid relating to the undertaking, and, 
in addition, tlie iim\nmim price which could be 
charged per HKK) cubic feet, ol gas, and the usual 
elauHOH with regard t.o sinking fund for ri'jiay- 
inont of capital. In tlio earlier period under¬ 
takings owned hy eoiujiivnies were treated in a 
Bomewhat siniilar manner, their minimum 
illuminating jiowcr ami a maximum jiriee being 
prtwirilx'd, and also a maximum dividend pay¬ 
able. It was also usually provided that any 
new eapital raiHod liy sueh companies must be 
sold either by auetu>n or by tender and not 
issued at its par valiu'. Later the maximum 
price and maximum dividiuid clauses were 
dropjied in the ease of tlic majority of the 
statutory eoinpnnies. and replaced by the 
adoption of a “ .standard price ” and “ standard 
dividend,” and a sliding scale introduced, 
whereby for each penny the price of gas was 
roduecfi below llu' slaiulard price, an additional 
divideiul (mostly about |tli per cent.) was 
jmyuble above the standard dividend, and vice 
irrsfl, if the price of gas increased alwve the 
standard, a similar amount had to bt' deducted 
from tlie dividend payable. Those sliding-scale 
clauses, wliich made it to tiic intere8t**of the gas 
eompanics to reduce tlic price to its lowest 
possible figure, had given general satisfaction 
up to the outbreak of war in lM4,*but the great 
incTcaso in costs of coal and other materials so 
increased the cost of gas above the standard 
price, that the sliding scale resulted in a very 
gfeat reduction, and in some cases a dis- 
appearance of the dividend payable. As a 
tem|)orary measure, a sbetfi Act was passed in 


1917 whereby it was enacted that till the end ol 
the war, the sliding scale clauses should not be 
operative after they had reduced the dividend 
payable to two-thirds of the standard dividend. 

I'lic actual illuminating jiower prescribed 
varied considerably with the different under* 
takings according to t lic conditions of coal suMly 
and tne character of tlie demand for gas, and in 
the yi'ars just jircceding 1913, a few undertakings 
had received parijumeiitary sanction for the 
Hubstitution of a calorific jiowcr standard for on 
illuminating power standard. 

'I’lic most fundanieutul ehangc made by the. 
(Ja.H Regulation Act of 1920, is that of the basis 
on which the gas is charged for. In place of a 
tharge based on the volume of gas (KXK) cubic 
feet) of a.s])eeified illuminating or calorific iiower 
the charge will in future be made on the number 
of Rritish 'rhermul Units (Clross) contained in 
the gas KU])pJied, or in other words, on the 
I’otontial Knergy contained in the gas, and all 
stipulations as to Uie illuminating power of the 
gas in ojicn flame burners are ri^pcaled. The 
unit of nieiiHuix'iiient is taken as JUO.CKK) British 
'I’hormal Units Gross, wliich is defined by the 
Act as “ a therm.” 

Eaeli undertaking is left free to “ declare ” 
wliat calonlii! power of gas per cubic foot it 
will supply, having regard to its local conditions 
in respect of coal supplicH, manufacturing plant, 
&c., but it must then maintain such declared 
calorific power as a minimum, under penalty for 
failure, or give due notice of sucli alteration and 
carry out at its own cost any necessary ad- 
justiuentR of consunuTs’ appliances as may be 
ncciiKsary to luiable them to use the gas of 
altered (quality wulh efficiency. 'J'hc actual 
volume of gas sujiplied to consumors will bo 
determined by meters as at presi'nt, and tho 
volume of gas shown, multiplied bv the calorific 
power per cubic foot and divided by 100,(KX), 
will givo the number of tlicrins on which the 
cliarge is to be made at tlio price determined 
by the Act or Order of the undertaking con¬ 
cerned. 

Further, tlie Board of Trade aro authorised 
to substitute for the maximum price or standard 
price per 1000 culuc feet of gas s^iecifiod in the 
Acts or Orders of eaeli undertaking, a price per 
therm as nearly as may be corresponding to the 
former price per 1(X)0 cubic feet, but “ with 
sucli addition as apjicars to the Board reasonably 
required i» order to meet the increases (if any) 
due to eircumstanees beyond the control of, or 
which could not rcasonalily have been avoided 
by, the undertakers, wliicli have occurred since 
June 3()th, 1914, in the costs and charges of 
and incidental to the production and supply of 
gas by tho undertakers.” 

in adilition, the former clause w to the 
absence of sulphuretted hydrogen from the ^as 
is maintained, and a mort* stringent stipulation 
as to the minimum permissible pressure of tho 
gas is made, tliis not to bo less than 2 inches 
of water in any main or service piw between 
tho main and tho meter exceeding 2 inches m 
diameter. In view of tho difficulties caused by 
the war in carrying out renewals and extension 
of manufacturing plant and the distributaoB 
system, 6 years are allowed before the above 
I pressure stipulations become fuUy op«<ative. 

I Tho Act also stipuIftM that the Booed 
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Trade should ae soon as posublo canae inquiries 
to be held into two otnor matters on which 
opinion was divided, namely, (I) whether any 
r^riction should be made on the perc^cnfagc 
of carbon monoxide Hiippliod in gas naed for 
domostic purposcH, and (2) whether tliore should 
be any linjitatifm in the jjeroentage (»f inooni- 
bustibie cohstitnonts ])rosent in the eas. Com¬ 
mittees appointed by the Hoard of Trade have 
since reported that no restrictifui is advisable 
in respect to carbon monoxide. In res])oet to 
incomDUstiblo constituentH, the conunittco al.so 
report that no restriction is advi.sahle at ])rcscnt, 
but recommend that the matter sliould be furt her 
considered after a ]K‘riod of a few years when 
more evidence will he available, owing to gas 
undertakings having had a jierioil of working 
under the new conditions resulting from the 
Act of lt)2(). 

As there are over 800 stati^ory undertakings, 
each with its separat-e Act. or Order, a consider- 
able period is necessary for t he H<iard of I'radc 
to effect the revision of those, and although ])ro- 
gress has been made, only a minority of the 
undertakings are yet working under tli<> new 
condition.s. Among tliose whu lt ar<>, there is a 
considerable differenet* in tlie ealorilie value 
“ declared ” which varies fr(un a nmxiniuni of 
550 H.Th.U. per cubic foot in the case of 
the South Mctroixilitan (iii.s Co, down to 
400 H/rh.U. ; in the gn'at majority of eases, 
however, the declared value jh between 4.50 and 
500 H.Tli.U. Widely varying views are at 
present held as to the most ('conomical calorido 
value for the supply, some regarding amucli lower 
calorific power than 400 iTTh U. as the most 
advantageous, and a much more (‘Xtondod 
experience of working under the new conditions 
will be necessary bo^iro a fairly general agree¬ 
ment can be come to Indwinui the conflicting 
views. 'J’hcrc is little doubt, however, that the 
next few years will firing about eonsideralilc 
changes in methods of working from those 
contained in the present article, both in improve 
monts of old, and development of new methods. 

In the United States, and also in (lanada, 
following on the development of the oil-lields 
and resulting cheap oil supply, the manufacture 
of coal gas was largely superse^led by that of 
carburetted water gas, i.R. of a mixture of 
water gas and oil gas of approximately the same 
illuminating power and calorific power as coal 
gaSj and in lOlO some 80 p.c. of the gas supplied 
consisted of carburetted w*atcr gas ; since that 
date, however, the tendency has been in the 
direction of increasing the proportion of coal 
gas supplied. In this country also, from 1890 
onwanu, many gas undertakings have also 
manufactured carburetted water gas, which 
was mixed with the coal gas to an extent not, 
as a rule, excee^ng 40 p.c. of the output of 
any individual undertaking. 

In the year 1913, nearly 24,000 million cubic 
feet of blue-water g^, and carburetted water gas 
were made in the United Kingdom or 10*8 p.c. 
of the total production, and only a very 
small proportion of this was blue-water gas. 
Since that date the iucreaeing scarcity and rising 
pTioe of oil has In’oaght about a largo reduction 
of the anKwnt of oil used in this way, and the 
addituMi of blue-water gas without oil enrich- 
nwot has greatly increased, this being made 


either in separate plants or by the introdnoUon 
of steam into the retorts during carbonisation. 

In 1919, the total amount of l^lue-water gas 
and carburetted water gas pr<Mluoed in separate 
plants amounted to 38,500 million cubic feet, 
or 1.5*8 p.c. of the total jiroduciion; no figures 
are available as to the amount of water gas 
produced by steaming in the retorts, as this 
cannot be jnea.sure,d separately from the coal 
gas aiimiltanoously ]>roduced, and is conse¬ 
quently included in the coal-gas figures. The 
amount of oil used, on the other han<l, decreased 
from 58 million gallons in 1013 to 34 millioo 
gallons in 1919. 

Gas coal. In this country, by far the largest 
]»roportion of coal employed for gas-making 
p\irj)OHC 3 is of tlio character known os bitu¬ 
minous caking coal, t.c. a coal which, in addition 
to yielding a large volume of gas, also forms a 
plastic mass during the I'arly stagee of heating, 
and then Hubs(>.quently undergoes carbonisation, 
and results m the prodnel ion of a coherent coke 
of good commercial value. The non-caking 
bituminous coals, even when yielding a lareo 
volume of gas, only give a poor coke, having the 
same shape and siie os the nioeos of coal car¬ 
bonised. and having a low Helling value. Tliese 
are therefore only employed in eases whore 
local conditions are sucdi that non-caking 
coals are obtainable at a cost sufficiently liolow 
that of caking coals, to oom))ensate for the 
lessoned value of the coke produced. This is 
especially the cose in Scotland, whore the 
Scotch splint coals are often of a non-caking or 
only fw'bly caking quality. 

A furtner exception to this rule also occurs 
in tho case of cannel coal, which was formerly 
used in considerable quantity, os, although the 
coke obtained was almost useless, it gave a very 
large yield of gas of high illuminating power, 
and a certain proportion of cannel was therefore 
used in many works to enrich tho gas given by 
poorer coals to tho statutory quality. At tho 
present time, however, very little cannel ia 
employed: firstly, because the increasing 
scarcity of good cannel caused a rapid increase • 
I in its price some 30 years ago, on which account 
: oil from petroleum was largely used in ite stead 
I for enrichment, either by making this into oil 
gas or carburetted water gas ana adding these 
gases to the coal gas. In place of the use of 
cannel, the low-quality gas was also frequently 
enrich^ by carburotting with volatile hydro¬ 
carbon vapours, such as tne low-boiling paraffins 
and benzene. In the Fieoond place, owing to' 
tho lessened importance of illuminating power, 
enrichment of tho gas was largely given up. and 
the quality reduced to such a figure as can 
bo obtained direct from the caking coals roost 
readily procurable -.in the locality of the 
particular gas undertaking. 

The rkh cannel aoaU were chiefly obtained 
from the Wigan coal-field in Lancashire and vhe 
Lanark coal-field in Scotland, but the supplies 
are now largely exhausted. Poorer oannels an 
found to sozfle extent in roost of the other oo^ 
districts, but these often give little or no bettw 
yield and quality of gas than the bituminous 
coals, and give rise to a very low quality of 
coke, and are therefore only used when the pcioe 
at which they can be purchased is very low. 

It is held by many that, in view of tiie fast 
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that cannol ooalH are capable of giving much 
higher yielde of crude oil when suitably carbon¬ 
ised than can l>e ubtairted from coal, oannel 
ooaU should he rcHerved for such crude oil 
prodiiciion, and a good d(‘al of experimental 
work lu»a ))e{‘n earned out in thw direction. 
Up to the prcHoiit the proctwn of such crude oil 

f roduution from <'annei and similar materials 
aa not Ixion earned out on a sufTicjently exUmded 
scale to dotennino fully its commorciul practica¬ 
bility. 

Chief sources of gas coals. (ftuH coal occurs 
in all the coal-yiclding an'O-s, but the cluof 
Huppliew (K'(!ur in the Newcastle or Durlmin 
district, .South Yorkshire, Jjinciislun?, Derby¬ 
shire, and North StaflordHliire, Hinaller auiouiits 
are obtaiiu'd from North Wales,^Soulli Wales, 
and Homersfd. (Jenerally sp('akmg, m order to 
naiuee the eost of carniigii. a gas underl-aking 
obtains its coal from Mu' tiearest, ticld producing 
a Huitabli' quahly. In llie London dislricd, j 
however, and also for ilu' most part in the 
south and south west of England, the main : 
supply is drawn from the Durham field, the 
greater distance away of tliiwe coiljeries being 
mom than (uiunterhalariced hy tlu^ fact that the 
coal is broughti for the grtiater part of tho way 
by coasting steamers insteail of by rail, which | 
reduces tho ratt« of carnage. 

The coals obtained fi-oin the dilTereiit soamEi 
in tho same district, and often oven from the 
same scam, vary coiisidiTahly in their jiropertioH 
from a gas maker's point of view, and with one 
and tho same soniiile o! coal, tbe guM results 
also depend gri'atly upon the conditions under 
which it is carbonised. NevertheloiR, tlio eoalb 


from each district have, as a role, oertaio 
oharaoteristics which distii^ish them from 
those of other localities. Thw is eepeciallv 
tho case with tho coals from the Durham Seldf 
these, for the. most jiart, undergoing carbon^- 
tion moro slowly than the others under similaf 
conditions, and yielding a harder and denser 
coko. They also yield a thicker tar of higher 
Hji.gr., ^nd* in general give u somewhat lower 
yioTd of ammonia. The North Staffordshire 
coals also yield coke of good quality, the gas 
eoki' from botli those districte being, on the 
average, sujierior that from Yorkshire, 
Derbyshire, and Lancashire coal. 

'Valuation of gas coal. 'J'ho simple elemen¬ 
tary analyaw of coal, giving the percentages of 
moisture, carbon, liydrogen, oxygen, nitrogen, 
Hul])hur, and asli. nfTords but very little informa¬ 
tion os to its value for gas-making purposes. If, 
however, ns lirsf pointed out by ilunto (J. 
Dasbol. 1KK8, 111, 81)5), the figures for moisture 
and luih bo eliminated, and the percentage 

a iosltion of the actual coal substance calcu- 
, it is possible to judge the general proper¬ 
ties of the coal from tho figures obtained. 

«t. (lairo Devillo published a table (below), 

O tlie results obtained from five typical 
of coal, which were subjected to analgia 
amrgna-making tests m tho coal-tosting plant 
of the Uaris Uaa Works. Coals of Type 111 
(■f’ri-lfO p.c. of 0 in tho coni subatanoo) 
rojirosent the best type of gns-moking coals, 
giving a good yield and quality of gas and 
also good coko. duals of Types 1 and 11 
produce much coke and a poor yield of gas, 
whilst with Types IV and V the gas reeulta are 



Type I. 

Type 11. 

Typo 111. 

Type IV. 

Type V. 

f Oxygon . 


O-fiO 

7-71 

10-10 

11-70 

100 parte of eoall Hydrogen 

5 0(5 

5-37 

5-40 

5-63 

6-64 

Bubstanoo containjdarbon . 

88-38 

86-!)7 

85-Kl) 

83-37 

81-65 

(Nitrogen (approx.) . 

1-00 

1-00 

1-00 

i-oo 

1-00 

1 Moisture content of air-dried raw coal 

2-17 

2-70 

3 31 

4-35 

6-17 

Total weight of distillation pniihicte (p.c.) . 

26-82 

31-51) 

33-80 

37-34 

39-27 

„ „ coke .... 

73-l>l 

68-41 

66-20 

62*06 

60-73 

Gas, por cent, coal substance 

13-70 

15-08 

16-81 

16-96 

17-00 

Tu . 

3-40 

4-65 

6-08 

6-48 

5-69 

Qbs liquor. 

4-58 

5-22 

6-80 

8-62 

9-86 

CoKKismoN or the Gas ik pib cbnt. 
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Owbon dioxide . ** . . *, 

1-47 

1-68 

1-72 

2-70 

3-13 

Carbon monoxide ..... 

6-68 

7-19 

8-21 

9-95 

11-93 

Hydrog^ . 

54-21 

62-79 

60-10 

46-46 

45-26 

MethaAe and nitrogen • 

34-37 

34-43 

35-03 

36-42 

37-14 

Hekvy hydrocarbon!) .... 

3-27 

4-01 

4-94 

6-68 

6-H 

Mia 

^ gravity of the gas. 

Cnw o^umption for equal eandle powv • 

.0-362 

132-1 

0-370 

111-7 

0-399 

1039 

0-441 

102-1 

0-483 

1019 
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Trade should ae soon as posublo canae inquiries 
to be held into two otnor matters on which 
opinion was divided, namely, (I) whether any 
r^riction should be made on the perc^cnfagc 
of carbon monoxide Hiippliod in gas naed for 
domostic purposcH, and (2) whether tliore should 
be any linjitatifm in the jjeroentage (»f inooni- 
bustibie cohstitnonts ])rosent in the eas. Com¬ 
mittees appointed by the Hoard of Trade have 
since reported that no restrictifui is advisable 
in respect to carbon monoxide. In res])oet to 
incomDUstiblo constituentH, the conunittco al.so 
report that no restriction is advi.sahle at ])rcscnt, 
but recommend that the matter sliould be furt her 
considered after a ]K‘riod of a few years when 
more evidence will he available, owing to gas 
undertakings having had a jierioil of working 
under the new conditions resulting from the 
Act of lt)2(). 

As there are over 800 stati^ory undertakings, 
each with its separat-e Act. or Order, a consider- 
able period is necessary for t he H<iard of I'radc 
to effect the revision of those, and although ])ro- 
gress has been made, only a minority of the 
undertakings are yet working under tli<> new 
condition.s. Among tliose whu lt ar<>, there is a 
considerable differenet* in tlie ealorilie value 
“ declared ” which varies fr(un a nmxiniuni of 
550 H.Th.U. per cubic foot in the case of 
the South Mctroixilitan (iii.s Co, down to 
400 H/rh.U. ; in the gn'at majority of eases, 
however, the declared value jh between 4.50 and 
500 H.Tli.U. Widely varying views are at 
present held as to the most ('conomical calorido 
value for the supply, some regarding amucli lower 
calorific power than 400 iTTh U. as the most 
advantageous, and a much more (‘Xtondod 
experience of working under the new conditions 
will be necessary bo^iro a fairly general agree¬ 
ment can be come to Indwinui the conflicting 
views. 'J’hcrc is little doubt, however, that the 
next few years will firing about eonsideralilc 
changes in methods of working from those 
contained in the present article, both in improve 
monts of old, and development of new methods. 

In the United States, and also in (lanada, 
following on the development of the oil-lields 
and resulting cheap oil supply, the manufacture 
of coal gas was largely superse^led by that of 
carburetted water gas, i.R. of a mixture of 
water gas and oil gas of approximately the same 
illuminating power and calorific power as coal 
gaSj and in lOlO some 80 p.c. of the gas supplied 
consisted of carburetted w*atcr gas ; since that 
date, however, the tendency has been in the 
direction of increasing the proportion of coal 
gas supplied. In this country also, from 1890 
onwanu, many gas undertakings have also 
manufactured carburetted water gas, which 
was mixed with the coal gas to an extent not, 
as a rule, excee^ng 40 p.c. of the output of 
any individual undertaking. 

In the year 1913, nearly 24,000 million cubic 
feet of blue-water g^, and carburetted water gas 
were made in the United Kingdom or 10*8 p.c. 
of the total production, and only a very 
small proportion of this was blue-water gas. 
Since that date the iucreaeing scarcity and rising 
pTioe of oil has In’oaght about a largo reduction 
of the anKwnt of oil used in this way, and the 
addituMi of blue-water gas without oil enrich- 
nwot has greatly increased, this being made 


either in separate plants or by the introdnoUon 
of steam into the retorts during carbonisation. 

In 1919, the total amount of l^lue-water gas 
and carburetted water gas pr<Mluoed in separate 
plants amounted to 38,500 million cubic feet, 
or 1.5*8 p.c. of the total jiroduciion; no figures 
are available as to the amount of water gas 
produced by steaming in the retorts, as this 
cannot be jnea.sure,d separately from the coal 
gas aiimiltanoously ]>roduced, and is conse¬ 
quently included in the coal-gas figures. The 
amount of oil used, on the other han<l, decreased 
from 58 million gallons in 1013 to 34 millioo 
gallons in 1919. 

Gas coal. In this country, by far the largest 
]»roportion of coal employed for gas-making 
p\irj)OHC 3 is of tlio character known os bitu¬ 
minous caking coal, t.c. a coal which, in addition 
to yielding a large volume of gas, also forms a 
plastic mass during the I'arly stagee of heating, 
and then Hubs(>.quently undergoes carbonisation, 
and results m the prodnel ion of a coherent coke 
of good commercial value. The non-caking 
bituminous coals, even when yielding a lareo 
volume of gas, only give a poor coke, having the 
same shape and siie os the nioeos of coal car¬ 
bonised. and having a low Helling value. Tliese 
are therefore only employed in eases whore 
local conditions are sucdi that non-caking 
coals are obtainable at a cost sufficiently liolow 
that of caking coals, to oom))ensate for the 
lessoned value of the coke produced. This is 
especially the cose in Scotland, whore the 
Scotch splint coals are often of a non-caking or 
only fw'bly caking quality. 

A furtner exception to this rule also occurs 
in tho case of cannel coal, which was formerly 
used in considerable quantity, os, although the 
coke obtained was almost useless, it gave a very 
large yield of gas of high illuminating power, 
and a certain proportion of cannel was therefore 
used in many works to enrich tho gas given by 
poorer coals to tho statutory quality. At tho 
present time, however, very little cannel ia 
employed: firstly, because the increasing 
scarcity of good cannel caused a rapid increase • 
I in its price some 30 years ago, on which account 
: oil from petroleum was largely used in ite stead 
I for enrichment, either by making this into oil 
gas or carburetted water gas ana adding these 
gases to the coal gas. In place of the use of 
cannel, the low-quality gas was also frequently 
enrich^ by carburotting with volatile hydro¬ 
carbon vapours, such as tne low-boiling paraffins 
and benzene. In the Fieoond place, owing to' 
tho lessened importance of illuminating power, 
enrichment of tho gas was largely given up. and 
the quality reduced to such a figure as can 
bo obtained direct from the caking coals roost 
readily procurable -.in the locality of the 
particular gas undertaking. 

The rkh cannel aoaU were chiefly obtained 
from the Wigan coal-field in Lancashire and vhe 
Lanark coal-field in Scotland, but the supplies 
are now largely exhausted. Poorer oannels an 
found to sozfle extent in roost of the other oo^ 
districts, but these often give little or no bettw 
yield and quality of gas than the bituminous 
coals, and give rise to a very low quality of 
coke, and are therefore only used when the pcioe 
at which they can be purchased is very low. 

It is held by many that, in view of tiie fast 
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Fig. 1 gives a diagEftmniatic representation 
in plan of the main features of a gasworks 
eapablo of making from JO to 15 million cubic 
feet of goH per day. and fiaving connection both 
witlj rail and wiitor, lb<! works Iwdng divided 
inU) two rotiijdctciy wjuinito scclionH, so far ua 
manufacturing plant is concerned; the goa 
from each scc'lion, liowcvc.r, joiiis together at 
the inlet to the gas holders, wliich can be lilled 
from either seciion. It very rarely lja]){>enH, 


COAL. 

i however, that the disposition of the site rendere 
j so sytnmctrical an arrangcmonl possible. 

I Carbonisation or the Coal. 

Itroadly H|)eakiiig, tho process of carl>oniBa> 
tion, wliicii IS liy far the most important part of 
I the manufacture, consists in subjecting the coal 
to distillation in closed vessels from which air is 
ex(dud«*d, whereby it is ejdit up into two portions, 
namely, a volatile jiorticn which e-scapea from tho 
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retort, wd bv subsequent treatment yields Inr, will be more conveniently considered after ft 
ammoniaoal liquor, and permanent gas, and a description of tho actual process of oarbonisatioTi 
nou-volatile portion consisting mainly of carbon | as it is at present carried out in the majority of 
and the ash of the original coal, whicli remains | gasworks. 

behind in the rotort os a porous mass^of coke. I Manufacture of gas in horlxontal retorts. 
The nature and amount oVthe constituents of ^ The material employed for tho manufacture of 
the volatile products, as well as the eoniposiiion i retorts consists at the present time almoat 
and physiou propertioe of tho residual coke, I universally of fireclay, and for modem oarbonu* 
depend not omy on the nature of the original | ing conditions, the quality of tiie latter abonld 
coal, but also to a laigo extent on the tempera- j be such that it will wit^tand temperatnres up 
turo employed for its oarbonisation and on the j to 1300*^-1400'’, and should not develop seriottB 
manner in which the heating is carried out. The \ cracks when subjected to such rapid ^temations 
nature of tho physical and chemical eliangos of temperature as inevitaUy occur when the 
which occur is exceedingly complex, and these, hot retort is recharged with a cold mass ot eoaL 
BO far as they have at present been elucidated. The shape of the retorts ts^^ong and nanow, tiw 
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len^h being from f) to 10 feet when the retoit 
is dosed at one Mid, or from 18 to 22 feet when 
a ‘ through ’ retort ia employed, closed by a 
mouthpiece and lid at each end, thia last l>oing 
now thoplan moatly adopted in works of incxlinm 
and largo The widtli of the retort varioH 

usually from 18 to 25 iiiclioH anti the depth from 
13 to 16 inches, the size lO-inch hy 22-inch 
being probably used mt)rc than any otbor. The 
shape of cross section employed vanes very 


O'vVfe" 




and 5, which give diagrams showing the cross 
section and three longitudinal sections of a bed 
of eight through retorts. The gases by which 
the retorts arc heated circulate around the 
retorts in each of the vortical ohamborH formed 
by tho cross wall®, travelling tirst upwards along 
tiio inner huIos of tho roUn*t«, and thouoo over 
the top of the highest retorts and down along 
tho outer sides of the retorts and away to the 
ohimnoy. 

The method formerly adopted for boating 
was that of dirc<d- bring, a sliallow coke fire 
being maintained on a Imarth placed in the 
centre of tho setting below tho middle retorts. 
With such finng tho heating of tho retorts is 
offoctod solely by tho Rcnsiblo heat of the pro* 
ducts formed by the combustion of the 
carbon of tho coke by tho oxygen of the air, 
i.f: carbon dio.vi<le, nitrogen, excels of oxygen, 
I and in order to get the ri'torts properly heated 
in the jiart with wliit;)i the gas last comes in 
contact, it is necessary that tno temperature of 


considerably; m n few instanot's, circular 
retorts ar(> employed (t(j which, of coiirHe, tho 
above-mentioned dimensions of width ami depth 
do not apply), in otheis oval retorts, but tlu^ 
majority have now a flat bottom and circular 
top and have apjiroxiinately the shape of a half- 
invorU«l 1), q, and art* commonly known as 
D-rotorts, the eornejs b(‘tween tho bottom and 
sides being, however, alwti-ys rounded, to 
facilitate tho removal of the coke, and to render 
the retort less liable to crack, I'hc thickness of 



the retort wall is 3 inches, increased to 4 inches 
at the end to facilitate the fixing of tho iron 
mouthpiece and Hd. 

A number of these retorts arc fixed hori¬ 
zontally in a single brickwork arch, the number 
n Btioh a setting varying generally from 0 to 12. 
The retorts are suppoi^ by tnuisverse brick 
walls, plooed at intervals throughout tho length 
of the retort, and extending to the top of tho 
aidi eneloaii^ the setting, the method of con- 
•trad^mi being oteariy shown in Figs. 2, 3, 4, 


tho latter must not be below about 1000® when 
they pass away from tho setting. As in addi- • 
tion, a considerable excess of air must bo used 
to get complete combustion of the coke, this 
excess ot air likewise passes away to the chimney 
at a high temperaturo, resulting in great waste 
of fuel, and tlio actual consumption of coke for 
hcAting such dircct-tirod settings amount to 
26-30 p.c. weight of coal carbonised. 

At tlie present time, in installations of any 
size, this method of direct firing has been 
abandoned in favour of gaseous heating. For 
this purpose, a deep producer is provided for 
each bed of retorts, as shown in Mgs. 2 to 6, 
which is charged with hot coke, when required, 
by allowing the incandescent coke from the 
retorts to fall directly into it. A limited supply 
of air (primary ai^ is admitted below the 
furnace bars, and passing through tho dera layer 
of coke, the oxygen is converted chiefly into 
carbonic oxide and to a smaller extent into the 
dioxide. Steam is introduced alon^ with the 

f (rimary air, as water is allowed to dnp on to tiiO 
umace \>ar8 to prevent their burning tbroogh, 
and water also evaporates from that kept in the 
ashpon below the surface, and this sbmn 1i 
largely converted into hydrogon and cation 
m<moxide in passing through the iiieaiidwo<nit 
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fuel. Tile preeenoe of steam lowers the tempera* 
tare of the fad iti the ^rnnrator, thus redaoing 
wear and tear of the lioinit, and also prevenU 
the fuHion of iiio clinker formed from the ash, 
and renders it more readily removable. The 
oompositiim of the gaft vari<« ofjcording to the 
proportion of air ari(l steam used, but genoraliy 
approximates to the following I'xamplo :— 
('arlxm dioxide . . . f5'2 p, 

('-urbon monoxide . . 24 4 

JIydrog(m .... 8 li 

Methane . . . . O'K 

Nitrogf'ii .... (>l'0 
'J’he produ('(^r gtis (bus oblmnod consists to 
the exUud of alioul. two-thirds of incunibustible 
gastw, ttut! is not im ideal one fur obtaining very 
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higlatomperatureN; but it in, nevertheless, fully 
capable of developing tlio highest temperature 
required for carbonwation—this being made 
more easy by reason of the fact that it enters 
the setting already heated to a wery high 
temperature. Further, as will be soon directry, 
the air required lor its rombustion also enters 
the sotting a(- a moderatidv high tomporaturo. 

In very brief outline, (ho method of working 
the setting is aa follows : The liot furnace gas 
oolleots above tlu^ coke, and then paasee 
through nostril holes cut in the funiaoe arch ; 
one or more iiostril holes being placed at the 
bottom of each of the vertical apaoes formed by 
the cross walls supporting tne retorts 
FigB. 2 to d). As it enters the setting, the 
' fnrnaoe gas is met by the stream of secondary air 
necessary for its complete combustion; this 
being introduced by suitable flues so arranged 
that a SQpplv of air meets each stream of furnace 
gas issuing from tlie nostrils in the furnace arch. 
Complete combustion of the gas bakes place as 
the streams of furnace gas and air intermix in 
their oiroulation around ike retorts ; * the heat 
thus ovolvod causing the temperature of the 
latter to be raised to the require point. 

The waste gases leaving the setting have 
inevibabiy a high temperature, as toey must be 
sufficiently hot to raise the temperature of the 
last portions of the retort with which they 
come in contact to the carbonising terqperature 
requited, and if allowed to pass dire(?k to the 
ohiinney much loss of heat would ensue. To 
effect a partial rq^ciyeiy of this heat, the waste 


I gases, on their way to tbo chimney, pass thrcHuh 
the regenerator, which consists essentially ca a 
series of flues adjacent to and separated by a 
I thin fire-brick partition from a parallel set of 
\ flues through which the secondary air is allowed 
‘ to flow on its way to the setting, tsavoiling in 
i the reverso direction to the waste-gas stream. 

! Much of the heat of the latter is thereby trans- 
' ferred to the secondary air, and thus carried 
: back into the setting, resulting both in economy 
of fuel and enabling a higher temperature to 
be obtamed with a lower fuel conaumption than 
w’ould otherwise be the case. 

The aiiumnt of })rimary air admitted to the 
furnace and of secondary air 1o the sotting is 
i controlled by suitable slides on the ports of 
: adjiiission and by dampci'H placed at the outlet 
of the regenerators. In a setting of through 
retorts, thwo last are usually four in number, 
each taking the waste gns from one quarter of 
tlie setting, so that by iheir adjustment, not 
only is the total amount of gases (Irawn tlirough 
the setting controlled, but also Ibe jiroportionate 
^amounts drawn into the diiferont parts. By 
smtabh' n^gulation of the primary air slides and 
, dampeitJ, lhi» furnace is made to produce the 
reipiisite (jimntity of gas for the proper heating 
of t-he setting, and the secondary air slides are 
adjusted to su^iply as nearly as practicable the 
exact ([uanlitv of air nnpiiicd for the complete 
: combustion n^ the furnace gaa. With this method 
! of beating (lie fuel, consumption is reduced to 
about one-lialf that rcquircil with direct firing, 
1 vi?.. from 12 to IG p.c. of ibe weight of the coal 
' carbonised, whilst simultanoously much higher 
retort temp('ratur('H are attainable. 

, The charging of the coal into the retort and 
I tlio withdrawal of the cuko produced were 
; formerly always effected by manual labour, 

, the coal being charged with the shovel, or by a 
' scoop run into the retort by hand, and then 
i invorti^d and withdrawn, the coko bein^ drawn 
by a rake. This plan is still adopted in small 
works, where the magnitude of the operations 
, is not sufficient to make the instalmtion of 
! machinery remunerative. In larger works, 
, however, the operations are now usually 
I offectod mechanically, a considerable number of 
j machinee of different being at present in 
' use. Limitations of space, however, prevent 
^ anything more than a very general description 
i of these machines. In the earlier machines, 

: which were widely adopted, namely, the West 
and the Arrol-Fuulis machines, the existinjg 
manual method was closely imitated by meohani* 
oal means, the charging machine for the coal 
inserting the latter by means of a scoop or 
I similar contrivance, and the disoha^er re* 
1 moving the coke by a mechanically equated 
rake; in the West apparatus, compressed 
air is used as the motive power; and in tifes 
Arrol-Foubs, hydraulic pressiue. In more 
recent types of machine different methods an 
employed. Thus in the De Brouwer apparatiH, 
a stream of coal is projected into the r^ort at 
such a high velocity that it is oairied to a stop 
placed at the far end, and then built up In an 
even layer to the front of the retort ; In ]^ea ol 
raldiig out the coke, the plan now being adopted 
is that of mechanioaUy poshi&g ofot the opho 
from one end, this methga being, of eoaixse, «i% 
appiieabto to through 'setorta, whioh w 
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r ied at each end. Other maohiace, snoh aa ; the to|) of the retort. To diK^ustge ^ ntoit 
f1ddea>Aldridge« are also in nae, wMoh elTeot! aft«r oarboniBaticMi ie complete, the atop la with* 
in one movement the dincharae of the coke and ! drawn from the bottom, when the ooke ahoold 
the introdnotion of a freeh cnai^o of coal, and | fall out by the action of gravity. Uaaidly, 
at the prcfiont time electrical ])Ower ia lai^cly ' however, a certain amount of asaiatMKM la 
employ^ for actuating retort-houae machinery, required to start the movement, euoh aa prioking 
In addition to the actual machinery eiTiploy(Kl with a bur, this being oHptH^ially the otae wHh 
for charging the coal aud drawing the coke, ad- ; n^turts which have boon at work for some time 
ditional mechanical ecjuipmont i» also rcKjuired and have altered in sha|>o. 

in the retort house. 'Fhe coal to be carboniHe<l : Inclined lotorts were first adopted with 

must not contain lumps of too large ivsizo wliere i praotioal huccoss by <’ozo at the Kneiina Ghe 
machine charging w used, and is thcrofore Works in 18K5, and have since bean installed to 
dropped into a coal breaker, from winch it : a very coiisiderablo oxlout in most countries 
falls into an elevator, and is raised to a h<Mght . where the gas industry is established, including 
well above the retort bi'nchos. fallmir from the Groat Britain. Here, however, it has never 


latter either direct or by means of a eonvoyor 
into storage bunkers, from which it, jh drawn by 
the charging macliines ns required. Mechanical 
conveyors of various tvpos are also frequently 
employed for removing th<* coke from the 
retort liouso as it is discharged from the retorts, 
and to carry it to snitnblo sen^ening machinery 
for sorting into different gradoe. 

Inchn^ retorts. In order to utilise tlu) 
action of gravity in charging and discharging 
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TCtorts, the horizontal poeition of the retorts has 
been abandoned in many installations during the 
past 25 yean, the retorts being set instead at an 
angle ox about 212° to the horizontal, tbb being 
amicozimately the ai^ of rest of broken o(^ 
6 shows a Icmgitodimd section of such a 
seeing of inolmed retorts. To charge them, a 
steqp is planed at the lower end of the retort, and 
natream of coal admitted at the top, s^cb falls 
down the vetot until ft teaches the stop at the 
, botton^ after whioli, with a property legnlatod 
Wffiiy of it bidkb op in aa even layer to 


appeared probublu at any time tiiat the inclined 
retorts would altogether supplant the horizontal 
retorts, and during roc,ont years but few new 
installations have been built, the improved 
machinery for charging and discharging the 
horizontal retorts luvving uicreosod the favour 
with which thma arc n;gardod. 

The relative advantages of the two systems 
refer altuost oxclusivoly to ((in^stions of capital 
cost, upkoop, and labour charges, and do not 
materially atToct the matter of the yield and 
' qualily of gus, us ihn actual carbonisation of 
I the coal, with proper working, takes placo in 
I the samo manner in each case, the coal in both 
i being heated in an even layer in the retort, with 
i a considerable amount of free spaoo above the 
' coal, and the soquonco of changes which take 
! placo from tlio action of heat U substantially 
: the same in both cases. 

i Retort-house working. The weight of oool 
! intrudmtod into the retort varies natundly 
! according to the size of the latter, but up to 
I about the year 1900 tho weight of oharge 
; placed into tKe retort of the most common siu, 
i namely, 20 feet long, 10 inches deep, and 22 
! inches wide, was between 0 and 7 ewte. (and a 
I proportionate charge in retorts of other sieei); 

I and with such a charge, even with coals whiob 
j swell considerably during carbomsation, a Buffi- 
; cient amount of free space remained altove the 
I mass at the end to permit of tho introduotioft 
; of tho rake-head to discharge the coke. The 
‘ temperature within the retort varies in different 
i works from about 900° to 1250°, tho tendency 
I being constantly in the direction of the highn 
I figure, and the time required for the oarboi^Ba- 
: tion of such a charge averages about 6 houn in 
j the case of most caHng bituminous coals, bo^ii 
; only about 4 hours with Hcotoh splint 
I The gas evolved during the fint uU'boor is 
I somewhat low in quality, but in the suooeeding 
: I hours the yield of gas 'is highest botii ia 
I quality and quantity. For the remainder of 
I the time, tho volume and quality steadily 
I dimin&h, and when carbonisation is neariy eon* 
ilete, the small volume of gas evolved consists 
argely fk hydrogel, with from 10 to 20 p.0. of 
I meth^e and some carbonic oxide. In Older, 

1 therefore, to obtain a stream of gas whkih is 
approximately uniform both in quantity end 
quality, and also to facilitate Tet<Met*lKiaie 
working, the retorts are not all obaigcd togetiMf* 
but a certain proportion oidy are dwim it 
ragolar intervals of an bohr or two nOttBS, 
aocordmg to oiioam^anoea, so thi^ the CMudNiti* 
sation m the different retorts Is mt di ffew * 
stages at say partietdar tim^ and tiM 
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of ga« formed by iho combined Btreams from diameter, termed the ascmaion pm, extending 
the retorte keepH more nearly uniform. upwards above the brickwork ot the setting 

Treatment of the hot gases issuing from the (Fig. 8). By means of the bridge this 
retorts. In t^rder to colU'ct f iio evolved gasofl, a connected with the dip pipe, which convoys 
cast-iron jnontli|»H’C(! in bolted to the mouth of the gas into the coliecting main. A separate 
the retort («tr to ])oUi inoulbs of a througli collecting main is usually now provided for each 
retort) having a hing<-d lid in front, wliich cun bo bed of retorts, the combmed gas from each of 
ojienod ff>r tiw‘ purpose of disciiarging the coke ■ these passing away by a pijie at the top or side 
and putting in a fresh (diarge of coal, and tiien into the foul 7/i.ain, by which the gas is conveyed 
oloHod HO ns to form a gas-tight, joint. An ; from tiio ri^tort luiuse to the condensing and 
illustration of a ‘ aelf-sealmg ’ mouthpiece in [lurifying jilunt. 'Fwo typi's of collecting main 
eommoii use is shown in I'hg. 7. On tlu-. top f)f ■ are in use. namely, tlie h/dravlic nuiin and the 
tho rnoutlipiece is cast a ho< k(d, into wliich is ! dnj uumi. 

lixed a vertical |)ipe of from -1 to H iiu iics | In the hydraulic main, which is moat 
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commonly employed, the tar and liquor con* 
densod from thi* gas at tins jxiint are allowed to 
acGumulale to such an e.xtent that tli<‘ dip pipes 
are sealed in the liquid, tliis seal lluni forming 
an automatic valvi*, which allows the gas mode 
in tho retort to^bubhlo tlirough it into the 
collecting main, Init. j>r(‘Vcnks any gas getting 
back from that main along tlie bridge pipe, and 
ascension ]n}>e, when the rutort lid is »»pcn for 
purjKwea of charging. With the dry main the 
dip pipes an' not sealed in the liquid, and in 
order to prevent gas passing baek when the lids 
arc open or air lieing drawn into the main t hrough 
the open lid, sonu^ method of closing the pipe 
most bo provided which can bo operated when ^ 
Uio lid is open. Several forms of valve are \ 
in use, but are apt to givo trouble from tho i 
separation of thick tar and carbon on them, | 
and, thoroforo, in other cases, arrangements are I 
made whereby tho dip pipe can w sealed in 
the liquid whilst the lia is open, and unshod as 
soon as this is olosod. 

Wliore tlie hydraulic main is employed, 
matters are now so arranged in most works that 
the tar and ammoniacal liquor which separate 
in that main, arc drawn off separately, the tar 
being taken away from the bottom as aeparates, 
whilst the liquor flows away from an overflow, 
the height of which can lie regulated as desired, 
the object especially aimed at being to ensure 
that the dip pipes are sealed in liquor, and not 
in tar or varying mixtures of tar ana liquor. 
This soporato removal of the tar and liquor may 
he effeoted in many diSemnt ways, a type of 


apparatus in common use being tho Dillamore tar 
tower,shownin Fig. 9(p. 318)., This is placedat 
tlio end of a bench of retorts as shown, and 
Horves a number of beds. Tho tar pipe runs from 
the bottom of each hydraulic main to about the 
middle of tho tower, whilst the lighter ammonia- 
cal liquor flowK from a sido opening near the 
upper level of the liquid in the hydraulic main 
I to the top of the tower. 'Fhe latter is also 
connected by an equilibrium pipe to the top of 
tho hydraulic main, or foul mam, the gas pressure 
in each being thus maintained the same, under 
I wliich circumstancoR the upper level of the liquid 
I is the same- in Initli. 'riie condensed liquor 
flows from the top of tho lower over a weir 
valve, the height of which can be regulated to 
give any required depth of seal in tho hydraulic 
main. The tar accumulates in tho bottom of 
the towor, displacing an equal volume of liquor, 
which flows away over the weir valve, and is 
run off periodically, care being taken that its 
upper level never rises above the level at which 
the tar enters the tower. Whilst running the 
tar off, liquor must be run in from a tank to the 
top of tho tower at a greater rate than that at 
which the tar is run off, os otherwise the level 
of the liquid in the hydrauUo main wonld fall, 
unsealing the dip pipes. 

In oraer to imtain good results in carbonisa* 
lion, BO far as yield and quality of gas are oon^ 
oemed, it is most essential that the gas piessoie 
in the retort should be maintained as aniform as 
possible, and only sBgfa^ above that Of the 
atmosphere, atk^on to this poAni Mag 
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ftecood only in importance to keeping 

good and even temperatures of the retorts. 
The nccfssity for this arises from the fact that 
the fire-clay retorts are thcmBelves porous, and 
also develop cracks through the alternate 
heating and cooling, and hence, if the pressure 
within the retort exceeds that of the bosoh 
circulating round it to heat it, gow tends to 



escape through the pores and cracks, and is 
burnt around the setting and thus lost; and if, 
on the other hand, the pressure within the 
retort is materially lower tnan that within the 
setting, waste gases, consisting chiefly of nitrogen 
and carbon dioxide, are drawn into the retort 
and pass away with the gas made, and lower its 
quality. In passing over the hot retort waUs, 
gas, however, always undergoes a certain 
amount of decomposition, ros^ting in the 
deposition of carbon on the walls, which tends 
to olook the pores and small cracks, and thereby 
to render the retort more gas-tight, the leakage 
bein^ much higher with a new retort, or im» 
med ia t ely after the removal of the crust of 
* gas caA>on ’ or * scarf/ The latter process 
OMSt be carried iwt periodically, as it othrawise 


becomes so thick os to interfere with the 

S r heating, as well as with the charging and 
uging of the retort, the gas carbon obtained 
finding a ready sale for tho manufacture of 
electrodes. 

A very considerable pressure is required to 
pass the gax through tho condensers, scrubbers, 
and puntiio-s, and into tho holdere, and if tho 
whole of the nceiwsary pressure wore tlirown on 
the retort, most of the gas would, in largo worka, 
bo lost into tlie setting, and, therefore, in all 
but very small works a pump or exhauster is 
employed to draw the gas irom tho retorts as 
it is made, and to force it on through the sub- 
S(Miiient apparatus and into tho holders. The 
e\hauHt<'r is run in sucii a manner os to maintain 
tiio ga« prwsure constant in the hydraulic 
main nbo\e tho liquor h^vcl, and in addition an 
automatie retort-liouse gtivernor is also fre- 
<picntly iMiijiloyed to ensure that tins nrussuro is 
maintainod uniform lus poHsible. Kven then, 
in order to ensure that (ho prejssuro in tho retort 
itself is maintainod eonslanl, great care must bo 
exereiM'd in maintaining tiie hydraulic main 
exactly lovid, and tiie dip jupes of equal length, 
as otherwise the deptii to which t luwo aro scaled 
in iM^uor will vary, and, consequently, the 
])n‘Hsufo in llu' retorts, whieli is equal to that 
in th(' iiydi-aulK' main less t he depth of the seal, 
will also vary, ho that Home may bo losing gas 
to the setting and otiiers drawing furnace 
goH into tlic coal gas. Where tho latter is the 
case, the pressure in the I’ctorts and ascension 
pipe is below tliat uf tho atmosphoro, and, 
cousequcntly, when the retort lid is opened, 
air is sucked into tho gas through tho ascension 
and dip j>ipo, thus further reducing iU quality. . 

Kven when tlic hydraulic mains are level 
and the diji jiiiies scaled to an equal extent 
throughout, and the jinvisuro in the hydraulic 
main is maintained c-onstuiib, the bubbling of 
tho gas through tho liquid causes a rapid oscilla¬ 
tion of the presHuro within tho retort, which 
may bo consi<l(?rabIc. Tly careful attention and 
regulation of the dejitli of seal, this oscillation 
can ]»• very greatly rciluccd, but never altogethen 
ohminatcd, and in this reapect tho dry main, in 
which there iu no seal for the gas to bubble 
through, has tho advantage. On the other hand, 
the fact that the seal forms an aulomaiir, valve, 
which does not require to be operated by the 
workman when opening and c^ing the lids, 
and also that whoro a dry main is used, more 
trouble is often oxjioricnccd in getting the thick 
tar to flow property from tho mains, especially 
with some types of coal, has led to the hydraulic 
main being most frequently adopted in spite of 
the above objection. , 

CuSMICAL ChANOES OCOUBfiDtO OtTlUIfO 

Cabbonisation. 

The essential elomentary constitaenta of 
coal aTe*carbon, hyorogen, and oxygen, and, in 
addition, smaller amounts of nitrogen 
sulphur are always present, as well as 
amounts of miner^ matter, which remAiaa 
behind as ash when tho coal is completdy bumth • 
With regard to tho chemical constitution 
of the doubtless numerous compounds jnmmt 
in coal, littte definite e vidence is as yet avallaUle. 
There is general agreement that t^ 8ubs£ai|c«i 
have been fonned slowly from tbe l^e dqpcsdta 
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of voffotablo matter of tlic oorlMmifcrous period, agreed that the larger jffoportion of the wh- 
the ohangea taking place generally in abaenco of stances forming the cxisti^ ooal have been 
or with only limited necoss of air, and that both derived from the “ collulosic constituents of 
temiieratun! anil bacterial action have played the original vegetable matter, and that the 
a part in its jiroduction. it is also generally smaller proportion consists of substances 
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an of Tvry liigh molecular weight. Keutral | 
Bolvente suoli as alcohol, benzene, &c., extract! 
only exoeodinglv small amounts of soluble, 
matter from the coal. The basic solvent I 
pyridihe is, however, much more effective j 
iBedson, J. 8oc. Chem. Ind. 1908, 27, 147; 
Burgess and Whoolcr, Chem. Soc. Trann. 1911, 
99, 649), have shown that with this solvent! 
varying amounts uj) to 35 2 >er cent, of soluble , 
matter may be extracted. It i«, however, 
doubtful if tins extracted matter consists of , 
substances actually present in the coal, as it is 
very probable that the chemically active liquid ' 
pyridine#first effects some resolution of the \ 
substances present in the coal into those of j 
lower molecular weight, some of which dissolve ' 
in the pyridine. Good gas>making coals I 
generally give a high percentage of euoli 2 >yridine 
soluble matter. 

The changes which take })laco when coal is 
hoatod in absence of air arc exceedingly compli¬ 
cated in character, and rc^sult in, the production 
of an immense number of different substances, 
some gaseous, some liquid, and Hum<^ solid at 
tho ordinary temperature. 'Pho liquid con¬ 
stituents, which condense togisthcr in the form of 
coal tar, are by far the most iiumerouB, the 
different compounds isolated from it already 
being numbered by hundreds, and doubtless 
large numbers of unknown eonipounds are 
also preaont (v. 'I’ah), Moreover, both th© 
uaturo of those substanuiv^ and their relative 
amounts in the products vary greatly according 
to the tomporaturo to which the coal is heated, 
and tho manner in which the heat is applied, 
and our knowledge of tho nature of tho reactions 
occurring during the process is still very far in- 
dood from complete, so that it is only possible 
00 yet to discuss those changes in voiy broad 
outline. 

When coal is hoat(»d, except for evolution of 
water, and small quantities oi oxides of carbon, 
no ajiparcnt change takes place below but 
the available evidence points to the conclusiou 
that some changes take place below tho apparent 
point of decomposition which result in tho 
Association of many of the substances present 
into others of lower molecular weight, as many 
coals and bituminous shales if heated for some 
time below their apparent decomposition point, 
yield a largely increased quantity of soluble 
matter on extraction with nentral solvents. 
At temperatures varying from 300"' to 360® with 
different coals decomposition commences with 
evolution of volatile products, the larger pro¬ 
portion of which condenses to liquids at the 
ordinary temperature, and only a small pro- 

C tion of which forms permanent gases. These 
consist chiefly of carbon dioxide, carbon 
monoxide, and gaseous hydrocarbons, with 
little, if any, hydrogen. 

By canying out tho decomposition at the 
lowest possible temperature in a high vacuum, 
Pictet, Bamsayer and Kaiser obtained a tar 
from which they were able to isolate a series of 
hydrocarbons oil- of which belonged to the 
cydbeparaffin series, the lowest of which was 
bexan 3 rdrotolaene, and the liighest 

They were also able to isolate the same 
bg^iirooarboiiB from the extract obtained hy long 
^nitiiMed extraction of .large amounts m 
HoiMstBibert coal with bensesm. H«ioe it 


seems probable that these hydroowbons afee 
either present as such in coat, or in such a state 
of comoination that they are readily dissociated 
from the combination. In addition the 
“ vaouum-tar " contains considerable amounts 
of oxygen compounds; the major portion of 
these consist of the higher homologues of phenol, 
phenol itself being ahNont or present in only 
minute amount. • Acids containing tho carboxyl 
group aie also jirescnt in siuail projiortion, and 
a larger nroporlion of neutral oils containing 
oxygen wiiose constitution is unknown. 

When tho coal is carbonised, whether on the 
small or large scale, at temperatures not exceed* 
ing 400'-4^‘\ the general elmraeter of the tar 
and gas produced is similar to that above 
described, although, of course, secondary de¬ 
composition of the primary products must occur 
to a somewhat larger extent, these conditions 
ronresenting what is now generally termed 
“ low-temperature carbonisation.” Tne yield of 
tar with “ gas-coals ” varies from about 8 to 10 
p.c., apdthc gas yield from 3000 to 4000 cubic 
loet jier ton of high caloriJic power, consist¬ 
ing to the largest iixtent of methane, ethane, 

& c., and only moderate pcrecniages of hydrogen. 
The saturated hydnx'arbons in the tor are to a 
large extent of tfie cycloiiaraflin series, but some 
hydrocarbons of tho ^laraffia series are also 
present. UiiKaturated hydrocarbons are also 
present in ({uuntity, ohiofly olcliiies, but there is 
always also a fair proportion of those of the 
GnHin—t Korirs, esi>eoially of the dienes, as well 
as cyolojientadicne and its huniulugues, but unless 
the temperature exceeds about GW®C., aromatic 
hydrocarbons are almost entirely absent. 

The physical eharactor of tho residue varies 
greatly according to the character of the ooal. 
Wliere tlio coal contains constituents which are 
fusible, tho melting of thoHc converts the ooal 
at temperatures rather above 300"' into a plastic 
or semiHolid mass, which then undergoes oeoom- 
poBition leaving a porous coherent oc^. Where 
tho constituents do not fuse before decomposing, 
the residue remains of the same shape as the 
original coal. In both cascu tho residue stiU, 
contains eousidorablo percentages of volatile 
matter, and burns in the air with a flame but 
without production of smoko. 

Where the chief object is to obtain smokeless 
fuel from coal or earbonaoeoiis products, 
or whore the special atm is the maximum pro¬ 
duction of oil from the material, such iow- 
temperature carbonisation may be advantageous. 
The yield of gas under these conditions Is, 
however, so low (although of high calorifio power) 
that the employment of such low temperatures 
is not Off a general rule commercially practicable, 
and for this purpose higher temperatures must 
be employed when the gas is the chief product 
requir^. 

In oo^dering the changes which take place 
at such highar tcmpofaturos it is most convraient 
to deal first oidy with the carbon and bydrogMi 
of the coal which are the most importwt OOD- 
stituonts from a gas-making point of view; 
When tho closed vessel into whioh the oo^ ig 
placed is heated to a higher temperature, it oidy 
rises in temperature uowly, ahd therefodis A 
first only uaaoigooa the above low-taBiqwratina 
The further aotdaa lisat tfaaa 
brings about fresh ohaogss, both ia tikO iMMink 
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fayclrogun-oontuiiiin^ ruHitluo aud in Iho vola¬ 
tile HubetanvcM primarily evolved from Iho 
ooai. The ollect of further heat on the 
residue ih to drive oh more hydrogen, which, 
at tcmjicratun'H of 700 -HOO ", is mostly evolved 
OH methane and fioe hydrogen, the latter being 
pnwent in larger jiroportion, the amount of 
other gaseous iiydroearbons being very much 
smaller than in the gjiS jirodueed at low tempera- 
turii. The lesidual coki; bci-omeH <lenser and 
harder, but at this iempenitun! still eontains 
iiydrogen in ajipreeiable quantity, and on 
raising the Uimperutuic*. to the highc^st obtainable 
in practice, an adilit loiml yield oi gas is procured 
still consisting of iiiethane and fiydrogcn, but 
as the lemperature iiKU'eaM'S the percentage' of 
methane falls and that of hydrogen rises, 'flio 
higher the teinjieraturo to which the residual 
coKO is linally lieuted. tlw! greater is therefore 
the yield of eombuHtibii'. gas. 

The volatile J) 1 o^lu(•t^ lirst eviilved fiom the 
coal, consisliug <‘liieily ol eornpouiKls which me 
liquid at the ordinary teinpcniliire, also under¬ 
go further change wlieii a liiglicr eurbouising 
temperature is emjiloyi'd, if Lln'.y an* subjei ted 
to the action of tins lieat before they can escape, 
the iiyiiroearbons I'ontaincd in tiu'ni yield 
a large jironortiou of gases which are jicr- 
inanont iit the ordinary temperature, tiui most 
Important of lliesu being -hydrogen, methane, 
and etliyh'Ui'. At lemjs'ralures uboNo (150", 
aromatic hydrocarbons are produced, and if ^ 
the temperature does not niueli e.xcciKl 700°, 
only those contiiimng one bomtene nucleus, t.r. ' 
denvativuH of ben/i'n<' itself, appear to be lurmud 
in material amount, sui'h hydrocarbons os 
naphthalene and antfiraeeiu' being almost 
ontiiH'ly absent' in the tar formed at' tluisi; 
leinporaUmiH. The e.\ael. manner iii whieli the 
jirociuc'tion of tliwe laMixene derivatives occurs 
IS as yet in doubt, it huH been suggested tliai 
they arc formed by less of hydrogen from the 
naphtlioncs present, containing a ready-formed 
ring of SIX carbon atoms, or that they are 
fornuHl by ix'ductiou from the phenolic bodies 
.whioh an' siimiltaneouHly produced from the 
oxygenated eonstitvients of the coal. Whilst 
it is likely that some of the benzene den- 
vativw are produced in these two ways» the 
fact that at the above tenipcratuivs aj)i>roxim- 
ately the aamo extent of jiroduction of oenzeno 
derivatives occurs with any (^arbonoc'cous matter, 
even fmm open-cliain hydrocarbon, and in 
absence of any oxygen conipounds or of najdi- 
thenCH, makes it im])robable that anything like 
all of these derivatives are obtained in this 
manner. 'J’hus wlien American petroleum con¬ 
taining but little eyelui^aiafiiQH and phenol, is 
cracked for the maniuacturo of carburetted 
water gas at temjwraturcB of 760'^, the proportion 
of aromatic Iiydroearbons found in the tar 
produced is quite as high a&that obtaii^d when 
oils lai^cly consisting of cydoparaffins arc used. 
The most probable supposition on the evidence 
at present available, is that at the temperatures 
which result in the production of fte benzene 
derivatives, the various hydrocarbons undergo 
decomposition to the exWnt of producing the 
siiwle-atom unsaturated hydrocarbons 'CH 3 , 

: CUt, * CH, oa^iable of temporary existence, os 
shown by Sir J. J. Thomson in poeitive-ray 
analysis of methane, and of analogou moleoulee 
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I such os: C'C'Ha, and that the benzene derivatives 
I are produced by the subsequent union especially 
1 of those molecules lo form the benzene ring, 

I which when once formed is known to be exceed- 
I ingly stable towardi^ heat. At such tempera- 
. turcs benzene itself forms only a moderate 
; proportion of the aromatic derivatives produced, 

: the honiologues willi one or more side chains 
being produec'd in larger f|uantity. 

As the terjqx'ratiire t-o winch the volatile 
, products arc subjeited is further raised, there 
, 18 an increasing tendency to the production 
! of benzene itseli by tiie chmmation of the side 
I chains from th(' toluene, xylene, ffc., and 
HimultaniiouHly complex aromatic hydrocarbons 
containing more than oru’ benzt'ne nucleus make 
; their appearaiici', and the higher the temperature 
till! largi'i’ are both tlic quantity and the com¬ 
plexity of the i)iodiK‘t'S, many of which are now 
of vei V ingh moleioilar weigid', and for the most 
part infusible and insoluble, and therefore 
lemaiii suspi-ndvd 111 the tar jiroduced, forming 
I what IS commonly termed the ‘ freo-corbou ’ in 
: the tar. Saturated alijiliutic hydrocarbons 
■ largely disappear, and tlio ([uantity of dienes 
! falls, init oletiiKw still remain jiresent in con- 
' sidorable quantity. 

, At these latti'r temperatures, the cfTocts on 
tli(' gus produetion are by no moans altogether 
favouralde, as altiiough home hydrogen is 
produced in the chaiigi's which tho volatile 
products unclergo, the simpler gaseous liydro- 
carbons winch form the most iinportunt con¬ 
stituents of tho gas thomHolvos undergo decom¬ 
position into liydi'ogen and carbon, which last 
is deposited partly on the coke and partly on 
the walls of the retorts us ‘ carbon ’ or ‘ scurf,* 
and tills inatcriul, although of some value, is 
of greater worth if loft in the giwi in tho form of 
hydrocarbons. The presence of the solid ‘ free- 
carbon ’ in the resulting tar also gmatly increase* 
the difUeulty of retort-house working by forming 
deposits in the mains, &c., whicli are only 
removable with difficulty. 

'Phe chomical considerations therefore load 
to the conclusion that while in order to obtain 
from coal tho maximum yield of energy in tho 
form i)f combustible ga>i, it is advisable to 
subject the latter finally to us high a tempera¬ 
ture Qfl possible, HO as to drive otT tho volatile 
matter completely, tho guaoa and vapours 
produced in the distillation should only bo 
subjected to a considerably lower teinpt'rature 
than that to which the coke is eventually heated, 
as too high a temperature results in the separa¬ 
tion of carbon, which would otherwise have 
nunained as gaseous hydrocarbons in the gas ; 
thus depreciating both its calorific and illuminat¬ 
ing power. On tho other hand, it is equally 
evident that those volatile product* must not 
l)e subjected to too low a temperature, for in 
that ease tho hydrocarbons, Ac., produced in 
the early stages of distillation would not be 
suflieiently decomposed, and would be lost from 
a gas-inaking standpoint—being condensed in 
tho tar. 

Tho remaining constituent* of the ooai 
concerned in the jiroduction of gas are oxyg<m, 
nitrogen, and sulphur. The ash remains in the 
coke, and iu3od not be further considered 
Ox^D is prosent in oonsideraUe amount in tho; 
coal substance; and the chal as used also idways 
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Qontaios either moiatuie in the free state or in 
Buoh a loose state of oombination that it is given 
off at temperatures below 100°—the amount 
varying usually from 1 to 7 p.c. The low- 
temmraturo carbonisation first taking place 
results, as stated above, in the resolution 
of the oxygen-containing constituents of the 
coal into carbon dioxide, carbon jnonoxide, 
and steam, and condensable compounds of 
carbon, hydrogen and oxygen largely consisting 
of the higher phenols. 'J'lie furtluT action of 
heat on these last results partly in the elimina¬ 
tion of the side-chains and production of lower 
homologues and of phenol itself, and in addition 
the action of these on tlie licaUMl carbon results 
in sonic of them losing their oxygen and yielding 
the corresponding aromatic liydrocarbon. Tlie 
resulting tar at nigh temperatures always still 
contains considcrabJe, percentages of phenols, j 
the amount relative to the coal carbonised ' 
always increasing as the jierccntage of oxygen 
in the coal used increases. As the temperature 
risea, the carlion dioxide teiuls to oombiuo 
more and mon* with the red-hot carbon, 
present, undergoing reduction to i-arbon mon¬ 
oxide, and the sU'am tends also to act on the 
carbon, with production of water gas ; and the 
higher the temjiemtiirc to which the gosi's arc 
heated, £9<i)ex:ially while in contact with tho 
coke, tho greater is the amount of carbon 
monoxide formed, and t he higher also the amount 
of steam converteil into wafer gas. In high 
temperature carboni'ation, tliercforc, a small 
proportion of tho oxygen m tlie original coal 
IS recovered in the tar as phenol, etc., 
but the bulk of it reniaiiis as steam, winch con¬ 
denses out on cooling, and, roughly, about one- 
fourth is found in the gas a.s oxidiw of carbon. 

Tho offect on tho nitrogen is similar to tliat 
on tho hydrogen. At very low teinporaturos 
some ammonia is given ofl, and also substancos 
containing carbon, liydrogen, and nitrogen, 
which condense in tho tar ; wliilo a largo pro¬ 
portion of the nitrogen riunainH in the residue. 
At higher, but still modcrabs temperatures, 
much more nitrogtui is given oft from tho coal, 
and the above vfilatile jircMlucts are largely 
broken up, with tho formation of ammonia and 
some free nitrogen; and at such U'mpcratures 
the maximum yiebl of ammonia is obtained. 
At still higher temporaturea, more nitrogen is 
evolved from the colte ; but the ammonia itself 
is then largely deconiposod into its elements 
nitrogen and hydrogen, and also reacts with the 
hot carbon, producing hydrocyanic acid ; and, 
in spite of tho more complete elimination of the 
nitrogen from tho coke, tho yield of ammonia is 
decreased. In ordinary gas-works practice in 
horizontal retorts, only from 14 to 17 p.c. of the 
nitrogen in the coal is mostly recovered in the 
form of ammonia (v. Ammonia). Some of 
the nitrogen is also found in the tar, chiefly in 
the form of nitrogenous bases, such as pyridine. 

The sulphur, too, probably comes off first as 
compounds with car^n, and hydrogen; and 
these, when more strongly heated, yield sulphur¬ 
etted hydrogen, which can be removed from the 
gas wiUiout much difficulty. At still higher 
temperatures, however, the decomposition of 
these volatile organic snlphur compounds takes 
tfoee with formation of larger quantities of 
Aorbettk dholphide: this compound being also 
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produced, but probably in much smaller amouat» 
m the gssea last driven off jfrom the ooke, due to 
the sulphur still remaining in the latter. High 
temperatures, especially if allowed to act fiiUy 
on tho volatile products, therefore tend to 
increase consideraoly the amount of this im¬ 
purity, which can only bo removed with difficulty. 

Both with regard to sulphur and nitro|^, 
thondore, well os in the case of the hycho- 
carbonN, it is desirable that the volatile products 
theniKelvos shall only Iki heated to a moderate 
Uunperature if a maximum yield of the valuable 
product (ammonia) and a minimum yield of the 
dcletenous impurity (carbon disulpnide) is to 
bo obtained. In the case of tho oxygen com¬ 
pounds alone does there ajipear to be any 
advantage in subjecting those products to a high 
temperature, owing to the larger proportion of 
carbon monoxide and smaller proportion of 
carbon dioxide produced, os well os to the larger 
amount of Hteam converted into combustible 
gas. On the whole, the advaiitag(« gained in tho 
latter respei't are more than eountcrbalanced by 
th(5 deleterious action of such high temperatures 
so fur as tlie hydrocarbons and tiic nitrogen and 
sulphur compounds are concerned. 

While, therefore, tlie ciloot of heat on coal, 
and gi'iicrally on sulistances containing carbon 
and hydrogen, m primarily to resolve the com¬ 
pounds into simpler substances, tho changes 
which take place finally arc largely synthetical, 
and new substances are produced in large 
measure by tho eombinution and interaction of 
tho primary decomposition produots, the 
nature and amount of the new substanoes 
formed varying greatly according to the con- 
ditiuns of carbonisation, and ospooially with 
the temperature to which they are hoat^ and 
very greatly with tho length of time during 
which they are exposed to that temperature. 
In addition to the synthetic production of new 
hydrocarbons already referred to, othere occur 
in which diflcrent eonstituenta are con¬ 
cerned, The formation of carbon monoxide by 
the action of the dioxide on carbon, and the 
synthosis of water gas by tho interaction of, 
steam and carbon, have been roforrod to. In 
addition, there is some evidence that methane 
mav also bo formed to a certain extent in ths 
carbonising process by synthesis from hydrogen 
and carbon monoxide, m accordance with the 
reversible reaction C0+3Hj;F=tCH4+H,0. This 
reaction occurs almost quantitatively when * 
mixture of the gases is passed over metallio 
nickel at 250° (Sabatier and Sonderens, Compt. 
rend. 134,514), and altiiougb, as the temperature 
rises, the reverse reaction takes place in increas¬ 
ing degree, tho evidence available points to the 
conclusion that appreciable amounts of methuie 
are foritiod in. this manner under some conditloxui 
during carbonisation. 

In tl^ carbonisation of coal in the most 
; usual gas-works practice, the coal, as above 
described, is placed in a long narrow retort eet 
either horizontally or at an angle of about 32° to 
tho horizontal, leaving a considerable amoant 
of free space above the coal through which tiu 
evolved gas must pass to reach tho exit pipe at 
I one or both ends of the retort. The oorbonisa- 
i tion commences on the outside ol the misi 
I namely, at the bottom and sides — ^where H Is ^ 
t contact uith the heated retort watt, and 

T 
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»t thu lot), whcru it Ih atlcctod by the heat 
radiated Uuough tlie free H])aee from the hot 
crown of the retort. 'I'hc coal on the outside 
Hret becomeH ])a)tty and agglonieratoe, and then 
undorgoea Iho low-tmiperaturo decomposition 
already doMcriU’d, the renultant vapoorb and 
rich gas oHcanjng fairly readily into the free 
space above tlie- coal. Here they are Hubjeetod 
to the furlhcr actiuti of lieat in two ways— 
namely, by (;oniaci with ih(' heate<l walla of the 
retorts, and also by the action of the radiant 
heat rays wliicii are traversing tlic freci space. 
The net iiiwult of tiieir combined action ih to 
raise llie tem|M.'ruture of llte vapnvii'H passing 
Ibrough the free Hpace. and to linng aliouL 
much cliange ; and Ili(‘ luglier the teinpi'ratiirc 
to which llie rcloii, walls arc heated, the greater 
is the ainount of hirthcr liocoinposition that 
they undergo. 

The further action of heat on the pasty ina.ss 
on live outjside of tlii- charge convcits this 
eventually into coke; heat passing siiiiultaiu'- 
ou«!y further into t hei i liurge and eonvf'rting Hie 
layer below into the pasty condition, which is 
aBsistiid by the eojuh-nsation on tliese lower 
layers of sonie of tlin tarry inatten* formed by 
the doeoinpoHibion of 11x5 lioltier layeix abovi', 
and tile extent to which hucIi eomlenHiition 
oocum doubtless lias mucli inthieiieo on tlio 
lihyaical jiropertiiw of tli(> rcKulting toko. 'I'liis 
seiiuenee of changes eonlmuw until the heat has 
[lenotraU'd to the centre of llie iniiHs, mid ellected 
lbs complete earlionisation. After tlii' first layer 
of hot eoko has been funned, the gasew produced 
from tlio Ulterior of llie charge, in ordi'r to 
escape from tiie iet,or(. must not only undeigo 
the ordeal of heat in passing through the free 
space, but also piw-s ihroiigb th<' hot layer of 
ooko on the outside of the eliarge ; and llie 
teinjKirature and ari'ii of this rok(' mass con¬ 
stantly increases as time goew on. Further, a.s 
oarbonwfttion jiroeeods, tlie raUi at winch tlie 
gas is evolved deoroiusfw, and in eousi'quence, its 
speed through the free space beronies h'ss, and 
it is exposed to lieat there for a greater length 
/>f lime. From all these causes, the ipudity of 
the gas falls otT after tlie tirst hour, and ('fipecially 
when thf^ carlxnusatioii is approiu-hing coni- 

E lotion. 'I'lie jicrcentiiges of methane, ethylene, 
etizone, sulpliuretted hydrogen, and carbon 
dioxide st-eodily diminish as time progressen, and 
that of hydrogen steadily iiKuvasos ; while that 
of carbon monoxide varies loss eonsidcrablv, as 
shown by the following table, gi\ing tlie analysis 
of the gas evolvt'd at difTerent siagoH from a 
retort charged wit h Derbyshire coal, tlie U‘m]H“ra- 
tuie of oarboniHation lieing about OriO":— 


Jloim after comiuoiicemeut 



1 hour li hrs.! 

2 Hire J 

3} hrs. 

5 hfb. 

Sulphuretted 

hydrogen 

: 

S-R 

3-1 ! 

2-8 ' 

2-1 

1-2 

Carbon dioxide . ' 


2-8 ! 

: 2 lj 

2 3 

1-7 ' 

Ethylene and 
benzene 

i 

s-n i fi -2 

i 3-(i ■ 

2 -4 ' 

0-0 

Oxygen 

0-01 o-b 

1 01) ^ 

0-0 j 

trac’c 

Carbon monoxide' 

4-4 1 


j 4-ft 1 

4 A ! 

3*8 

Methane . 

4ft-7 42-0 

i 39*4 ! 

37-5 

20-3 

Hydrogen 

20-8 87'6 

i42*2| 

46*2 ] 

60*8 

Nitn^en(bydifl.) 

1 0'7| 

4*4 

4*6 

6*0 1 

6-2 
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Before the introduction of gaseous firing, the 
retort temperatures obtained in practice did not 
usually exceed about 900°C., or ltJ60°r. Under 
these conditions, the volatile products were 
not materially overheated, autf gas of high 
* illuminating power was produced; while the 
! tar simultaneously fonned was fairly fluid, and 
I only contained moderate amounta of the 
I objectionable ‘ free carbon.’ The quantity of 
najihthalenc formed was also not excessive, and 
that of ‘ bght oils ’ siniultaneously produced 
' was, in most cases, sulheient to wash the napli* 

' thalcni' out of the gas during condensation to 
a sulheient extent to prevent its subsequent 
dejiosilion in the solid stale in tlio inainH and 
j serviciis. On tlio otlier hand, under these 
' conditions, a relatively low yield of gas per ion 
, iH obtained, as an apjireciable <|Uttiitity of 
I volatile, inatli r is left m tlie coke. 

\\dien, witli the aul of gaseous tiring, higher 
carbonisation temperaUnes wine employed, 
iiiiilb'rs wete considerably modiiicd, us the 
Volatile, matter of the coal was more eompletcly 
evolved witii the ])ioduetiou of a greater volume 
of gas. liuL, as wi; liavo seen, it billows mevit* 

' ably that, in u horizontal or inclined retort 
: luiving a large frei* sjuice above the coal, the 
' volatile products must also be more strongly 
1 heated by an iiicreivse in the retort temperature ; 
i and, as a reault, under tliest* conditions, the 
gascfi and vajioups undergo a more far-rcacliing 
I deeomjiositjon than before-, and a reduction in 
tlie quality of the gas is Ijrought alioiit. Some 
of the- hyuJoearbuns formerly jiri'si-nt- in the gaa 
arc now deposited in solid or liquid form, which 
I (iitlier ri’niaui in the n-t-ort- as cariion or arc 
I condensed with tlio tar, mid are lost from u 
I gas-making point of view. Simultaneously, 
other disa(lvarit,Hg(“ouH ehanges occur, inasmuch 
jw the tar pioduecd is thicker and contains 
mucli morti ‘ free carbon,’ thereby increasing the 
trouble from stopped Hseonsion pipes and pitched 
hydraulic mains, and greatly increasing the 
pnudieal dilliculiios of retoridiousc working. 
Further, the action of these high temperatures 
on the volatile ])roducts inereuses the produc* 
tion of naphtlialeiie ami tlecroHses that of light 
oils, and rondei-s the cooled gas much mor# 
liable todepo-sit solul naphthalene in the mains 
and services both on the works and in the district, 
enusing Horious trouble both to supplier and 
eoiiHuiner. 

In epite'of these last-named drawbacka, the 
einjdoyment of higher temperatures hae, on the 
I whole, proved favourable: the increased yield 
, obtaimxl from the more eomplctei elimination of 
j tlio volatile matter of the eoiu having more than 
counU'rbalanced these disodvantagus. Never* 
thcle.ss, a proooea of carlwtiisation is very desir¬ 
able, in wfiieb the coal itself can be heated to a 
Ingh temperature without simultaneously causing 
too great heating of the volatile products ; 
it is largely with a view to this end that modifi¬ 
cations of the method of working have been 
introduced during the past few years. 

From what has been said, it is eteor that one 
of the chief causes of the overheating of the gases 
and vapours is the existence of a la^e free spMe 
aliove the coal in the retort. With hori¬ 
zontal retoit, BO l(Hig os the coke had to be 
extracted by a rake, worked etther by hand or 
mec^^cally, a cooBideiable amount of free 
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apaco was necoosary in orclor to afToi'd room for 
tne introduction of the rako-head aliovo the 
coke: but the invention of moclianieally 
propelled pushers, which discharge the coke hy 
pushing from one end of the retort, has done 
away with the neceusity of the free space for 
the removal of the coke, and han made it ponwible 
to put in a much larger charge of coal without 
incniasing the difticultics of discharging the hitter. 
In recent years, thiTcfore, by the introduc¬ 
tion of such increased charges, the amount of 
free space has. in many works, been largely 
reduced in lionzontal retorts, so tiiat the gaso.s 
and vapomx are e.vpo.sed to a snialier anmuiit 
of retort surfaci', and, istill more imjiortant, 
owing to the vfihimc of tlie free space i)ciijg 
smaller, they pass through it mon; (juickly, anil 
are exposed to the action of i iieat for a slorter 
time. As the jiractical result, it is found that 
the coke pro(lucc«l ih larger, a tlnnncr tar 
containing loss friio caibon is produ('(*d, owing 
to tlie lessened ovciheating, Jess turbon disul¬ 
phide is produced, less trouble from na])lit luilonc 
eiiHuoH, and retort-hoiiso working is coiisi(leral>lv 
facilitated. Wliotlier tlie total lieal value of the 
gas obtained from a ton of coal— hr. the mull ipio 
of gas per tun X calorilic jjowei— is giealer I lian 
can be obtained witii the smaik^r cimi'ge.s. is a 
matter on whicli diiTonuit opinions prevail at' 
present. 

On the other hamJ. owing to the increased 
thicknesK of the cliargc, a longer period must bci 
allowed for its carbonisation if the c<-n(ral coie 
is to bo^completely caibonised; and beyond a 
uortain weight of charge, varying apjiarontly 
with dilTorent clossi's of coal, the gas production 
per retort per 24 lioiirs falls off, or can only bo 
maintained by increasing the <iarboriisation 
temperature above that employed with tlie 
smaller charges. Such higher tiuiiperaturi's also 
increase the neat to which the gases are exjiosod 
in the free space; but experience seoniH to 
show tliat the erteet- of sucfi iiKTuaso is small 
when the volume of free sj)ac(} is low, or, in other 
words, that in bringing about dooompositiun of 
the volatile products the time during which the 
gas is exposed to heat is much more- imjiortant 
than the temperature of the retort walls. 

Carbonisation in vertical retorts. But, whi!<‘ 
the amount of free space can be in this manner 
greatly reduced, it is scarci'ly ])rac.ticable to 
eliminato it altogether in horizontal retorts. If, 
however, the retort is placed in a vertical instcaxi 
of a horizontal position, this is readily effcctofl ; 
as, in the nature of things, the coal whem <-hurged 
in from the top must comyiletely till the retort. 
Although a small amount of free space may be 
loft at the top, matters can be so arranged that 
this is not too large and that the retort walls at 
this point arc not heated to any great extent. 
Hence latterly carbonisation in vortical retorts 
haa been much invi^stigated, and is now 
practised in a steadily increasing number of 
works. 

Intennlttent vertical retorto. In the DeKsau 
vertical retort system, patented by Bueb (En^. 
Pat. 1393, 1904), the previous practice is 
adhered to, in so far that the coal is charged 
into the retort from an overhead hopper all at 
onee, and allowed to remain there until carbonisa- 
tim is oomplete, when the coko is dischaiged by 
gravity and tho retort refilled with frosn oeal. 
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Tho retorts ore either 4 or C metres in leng^, 
having an oblong cross section with rounded 
corners and are tapered, inoreaaing in size from 
top to bottom to Militate the disohaige of tho 
coke. Until recently 10 or 12 retorts were set 
in rows of two in a setting, each sotting being 
heated by gas from a separate deep producer 
capable of being tilled much above tne point at 
which the producer ga-ses are drawn off. so that 
it may run for 24 liours without wcharging. 
k’ig. 10 gives a vertical boction of .such a sotting 
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and producer, sliowing clearly tho general 
arrangement of the plant. 

As the thickness of tho charge is greatest at 
the bottom, tho highest temperature is main* 
I amed at this point, with a rather lower tempera* 
turo in tho upper portions where the thieknoss 
of the charge is Iohh. Tho result of this arrange* 
ment is that, even at high tomperaturos, not only 
i.H a large yield of gas obtained, but at the same 
time tlie tar formed is very fluid, and only 
contains a Binall percentage; of free carbon. 
SimultancoiiKly, the nujihthaleno production is 
lessened, and that of the lower boiling tar 
constituents increased, with thi; result that the 
naplithaJeno is sullieicntly completely removed 
from tho gas in the ordinary process of conden¬ 
sation, without the adoption of any special 
treatment, and, at the same time, the amount 
of sulphur obtain(;d in tho form of carbon 
I disulphide is reduced. Tho yield of ammonia is 
also nigher, and the coko produced is harder 
I and donsctethan that formed from the same coal 
I in horizontal retorts. 

j In spite, therefore, of very high retort 
1 teinporatures, the objcctionablo overheating 
! which occurs‘with horizontal retorts having a 
j highly heated free sjiace above the coal, is 
^ obviated in such vertical retorts. This is largely 
I due to abolition of this free space, but other 
^ conditions also como into play. In the bori* 
j zontal retoHs, after a layer of incandescent oolre 
I has been formed on the exterior of the charge* 
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all prrid\ic<;(l frt)in lJi<; unaltiTcd coal in the 
centre of the cliarj'c. iniiHt find it« way out 
through tlu' incaiKleHeciiL layer, and thuH ho 
wuljjeelrd to <’onMi(lerahle heat. In the inter- 
njittent \ei'tj)al the carboniHation alao 

takoH pliiee from the j)erij)hery inwards, and a 
layer of iticajnieHeenti coke is fornu'd in tlie early 
stages, hut. m tlijK ease the gas jiro(luee<l fnun 
tlm still uncarlionised coul in tlu* ('('ntie of the 
ehiit'ge has two [lossilile patlis of es<'ajie- (in the 
one hand, tlnougli the not coke layer, and on 
the other, thmugli tlu* cool eeiitral eoi'c of 
uneai'honisr'd oi' pailly earlioiUHed coal, and tlie 
giLM travelling ni tlie hitter direetion eHea|H\s 
overlieating hy Ihi- hot coke layer. 'I'he relative 
urnouitlH of tlie gius \vhn h travel in each direc¬ 
tion is still a matter iti disjiute, Imt the evideiiee 
avadalde h'ads to the I'oiu'luHion that with 
coals wliK'li heeiuue Jiasty on heating, nmeh 
th(' largrvst riiojiortion of the gas tiavids tluongh 
the. hot coke, as the plasin eoal tilin iormeil 
hetween llie eailionised eoke and uiiea.rhonised 
eoal in a more or less eimtinuous layer is almost 
impermcahle to gas, and as the greater g-'ts 
production lakes j,!aee on tlie coke side, where 
it IN siihjeeted to tiu’ greiit(’st heat, the givses 
produced lind llieii easiest route to the outlet 
at the lop of the letoit liirough llii* hoi coke 
layer, which is always lii’oken and (issiired. (hi 
t.he other liaud, wheri' a non.caking eoal is 
earlioniNed in vertical r(‘lorla. no such plast.ie 
layiT forms, and with sueli coals unless 
the eoal it sell is very small and lies in a eomjmet 
maas, (lie volatile piodiiets then maiiilv pass as 
formed to the outlet at the lop of (lie retort 
tlirough the (ool eot(' of unearhoniH('d eoal. 

In tlni later form of tlie Dessau retorts, tlic 
length of t.he oliloiig eioss Hcetion has heeii 
reduced, and lliese tvtort*< set in rows of three, 
which are eliurgi’d and diselmrged •tuiiiultane- 
ously. Th«‘ reduction in the sire of the retort 
nen'Hses the proportion of heating surface to 
the euhie eajiaeily ot the retort, and results in a 
more rapid earliunisalion and im nNisi'd output 
of gas, and also a reduei'd find (‘on.suluption. 

Continuous vertical rettvls. in this system 
of earhomsation, the <d)j(‘el aimed at is not only 
to avoid an evecssiv i‘ heaU'd fre(i spa(‘e ahove tlu' 
eoal, hut also to render the process n eonlinuous 
one, hy the addition of nicclianual nnangements 
whereby th(' eok(' is witlidraw'ii ('onlinuouslv. <>r 
nearly so, from the bottom of tin' retort, fresh 
eoal laving added to tlu' retort at tlie to]> to 
rejdace the eok(' withdrawn, so that tIu' coal to 
bo carbom-Hcd slowly travels down the ix-tort, 
undergoing gradual conversion into coke and 
gaa. The eomlition.H in the retort, tiii'ndore. 
remain ap]iro.\imat('ly constant, and the (juan- 
tity and (|uahly of the gas evolved remains 
fairly constant, instead of both falling olT as 
carbonisation proetx'da, as is the ease witli an 
inU'xmittrontly ehorgod rel^rt. t 

The eontinunus system of carlMmlsation has 
been cliieHy worked out in this oountry. Al¬ 
though many experiments in thi.s dirtvetion w’cre 
m&do in the last century, none luel with any 
desgree of sueoess. In tlie early years of the 
preeont century, however, very inlenHding 
reeulto were oblained with the Settle-Padtiled 
continuous vertical rotort (Eng. Vat. 12552. 
1002 ; 24688,1003), which showed that excellent 
uarboDising reeults, so for as yield and quality 
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j of gas and coke wore concerned, coulct be ob- 
! tained in this manner, although, largely owing 
I to dilBculties arising from the shape of retort 
' adopted, th(.v practical difficulties found in 
■ worlcing it liav(v prevenl^'d its further adoption. 
At the jiresent time several such continuous 

I iroccHsos are in uh(‘, the most widely adopted 
icing the Woodall-1 )uekham system (Eng. 
I'at 1(>4!»7, 15K(3; 16(153, 1907) and thfe 
(Hover-We.'tl .Nvstem (Ihi”. Vat. 230.50, 1905; 
2(i03, 1907; ' 7534, 1907 ; 8.572, 1009), a 
diagrammatic section of each of thcfi(i plants 
lieing sliov^’n in Kigs. 11 and 12, from which tho 
general airangement is readily'^ seen. In the 
Woodall Duckliuiii ref (Jits. J‘'ig. II, the discharge 
of I lie coke is controlled by the cokc-feed roll 
shown below (he retort, which isslowly revolving, 
and as it lotales allows (lie eoke to fall into 
the I'ha.tnbei la-hivv. from which it is emptied 
periodically, the sjus'd of t-lie eoal througli tho 
retort being reguhited liy varying tliat of the 
{(ved roll. Ah the coke, is leiiioved, the. whole 
mass 111 tlie retort falls, leaving a sjiaco at the 
top, which iM at oiU'(' tilled by fresh eoal intro- 
diUN'd irom a small hopper above each rotort, 
conneeli'd by a valvi' with t he mam eoal bunker 
above from which it can U' tilled with coal os 
nsjuired. 'I'he rctoits, four of which arc placed 
in a setling, are 25 feel, in length, and have a 
eonsiderabie taper to facilitate tho downward 
movement of the niasH, The lieating is etTeet(‘d 
hy producer gas, wlueli, with the aocondary air, 
enters at (lie top, tin* mixed gases passing 
downwards, the tenqjerature on the outside of 
tin' rotortH being highest at the top and Uecroas* 
ing to t he bottom of tliei letorts. 

in the (llovoT-Wost sysbmi, Fig. 12, the dis- 
eliarge of the eoke is effected iiiaditlerent. manner. 
At tnc liollom ot tlie retort, is placed a sere.w 
conveyor, the }ntci\ of which is less than tho 
angle of rc'st of tlie coke, and tliis is slowly 
rotaleil, thus elToeting the gradual discharge of 
the eoke into the ihamberH bc'low, from which 
it is lemoved at snit.able mtorvals. As the coke 
IS lemovu'd from the bottom, the whole masa of 
the material in th(> retort movofl downwards, 
leaving a space at the top wliieli is at once tilled 
from the small hopper at the toj) of each retort 
and closed at. the top by a gas-tight valve, 
.shutting it ot! from the main eoal bunker above. 
Tho small hopper is filled with coal every few 
' hoors by oijenmg the valve and allowing it to 
till u]) (n^m tho mam bunker. The retorts are 
from 20 to 2{l feet in lenglii, and tapered, eight 
being placed in a single setting. For the 
])urpoHe« (d heating, tlic setting is divided into 
a number of sections by horizontal division 
walls, the three upper sections receiving tho 
combined waste gases from the chambere below, 
and abstracting inuen heat from these beforo 
they pass to the chimney. Tlio next six sections 
form the heating cliambors proper, each receiving 
, a Boparato supply of producer gas from tho 
furnace, a* well as a separate supply of 8econ<Jary 
air, and by suitably regulating the supplies, the 
tompc'raturoH in tlie ditforemt sections can be 
adjusted to that found most suitable fur the 
partienlar coals carbonised. In the lowest 
sect ion, the secondary air is admitted on its way 
I to tho heatii^ sections, and thereby oook the 
now carboni^ coke, passing tlirough the 
I retorts, so that this is dischaxg^ in a r^tively 
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cool condition, and requires no quenchinp, ite 
heat being retumetl to the setting witli the 
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seoondaiy air, efTocting a considerable economy 
in the fael consumption. 

The oonstant moyement of the moss through 


the retort in such continuous vortical retorts 
modilies the conditions of carbuniHation to some 
extent. As with tho intermittent retorts, the 
heat penetrates the mass of coal from tho 
jK‘ripher\' and travels muards, but tho coal is 
coiiatautiy moving downwards, the uncarbonised 
coal takes the form of an invortc<l cone, the base 
of wlucli 18 at tho top, and the apex at a point 
about two-thirdn of the huiglh of the retort 
below. A Hinall pro}!orti(»n of gas, with much 
st<‘ani, IS formed on ilie inner and cooler side of 
Llio layer of lU'Comjiosing eoul, and escapw un 
through llie ejre of unoaihonisod coal, but with 
a eiiking e(»al the hulk of the ga.s is formed on 
the hotter outer portion of the dt'CompoHing 
]>a.stv layer and [la-'^ses up through tlm surround¬ 
ing hot'eoke. (hily a limited amount of free 
space js left at tlu‘ top. 'Die tar produced i« 
thin and containH hut little fi’i'e carbon, no 
naplitiialeni‘ trouble occurs with the gas after 
coiideiiHation, tht' earhon disulpliide iw reduced, 
and at tiic saine time a high yield of gas of goo<l 
caloritio power is ohtained. 'Pin* coke formed 
from tlu‘ continuous process is usually lesH deoso 
than that obtained by intermittent carlKinisation 
111 \ ertical rcl orts. 

Water-gas production In retorts. Ah already 
mentioned, iiilmixtiirc of blue water gas to the 
i-oui gas i.s heing carried out to an ihcrcaslng 
e.\U’nt. In Home instances th<' water gas is 
made in a si'paraU' plant and introduced into 
tho coal gas Ktrcam at varying pointM, and in 
otherH tlie increased water-gas jiroduction is 
ohtained by the addition of Hteaiii, to the 
retorts. Such steaming lias lu'on carried out 
-n horizontal retorts by mtrodueing steam below 
the coke moHs thruugliout tiic length of tho 
retort, and tins has ])ruv(‘d a valuable moans of 
maintaining the goH .supjdy during recent periods 
of coul shortage. 'I'he conditioiiH in horizontal 
retorts are, however, not favourable to tho 
manufacture of any considerable proportion of 
water gas in this juanner, (*xcopt witn produc¬ 
tion of a high percentage of carbon dioxide in 
tho mixed gas obtained. Vertical retorts, in 
which the steam has to pass through a much« 
deeper bed of prwent much more favourable 
conditions, and il has long been tho prootiec 
in tho case of intermittent vortical retorts to 
admit steam to the bottom of tho retort during 
the last 1-2 houre of tho charge to increase 
the jiroduotion of water gas, anfl recent require- 
nienls liave brought about a groat increase in 
tho extent of thw steaming. 

With continuous vertical retorts, small 
amounts of steam have for a long time been 
admitted continuously at tho bottom of the 
retort, resulting in the production of small 
amounts of water gas, and also in preventing 
ignition of tho gas when tho bottom doors are 
opened for tho discharge of tho coke. During 
recent yoarH the ^‘xtont of steam admitted 
(usually previously superheated) has grsatly 
inoroased, and very considerable proportions 
of water gas arc now lieing thus made m these 
retorts. The changes whini occur are, however, 
not solely confined to the production of water 
gas, as Hocondary effects occur to tho gas, tar, 
and ammonia production from the coal itself. 
This arises from the fact that owing to the 
) increased production, tho gasee formed in the 
retort from tho cool are thereby driven out of 
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the retort more quiokly, and thuR exposed fcSr a 
shorter time to the action of heat, which results 
in an moreased, yield of both tar and ammonia 
from tho lessened decomposition occurring. 
The increased amount of hydrogen in the gas 
also tends to the production of tar containing a 
higher proportion cif hydrogen. On the other 
hand, as the water-gas production is endo¬ 
thermic, a greater amount of fuel Iiok to be used 
to maintain tho ttunjxtruture, and to iil)tain a low 
percentage of carbon tlioxnlo in tlu' gas higli 
tompcraturce mu.st Ix^ maintained at the lower 
portion of the retort ; the coki! yield in also 
slightly reduced liy reason of the carbon used 
for wator-gji.s jiroduetion, ami the percenLago <if 
asli in the r))ke obtained sliglitly imTcaseil. 
The amount of steam which can be added varies 
greatly with ditferent classes of coal, but with 
certain kinds of coal, yields of 2o,d00 of mixed 
gas having a calontic petwor of 4IM) B.Tli.l'. 
have Ihxui obt.aiiUid 

Detailed mvestigutions of the proci'ss of 
steaming in continuous vertical retorts have 
lioen made by Die Jiivestigation CounnitLeo of 
the Institution of (Jus J^higincers, and by the 
Fuel Hosoar<‘b Board. (Das .lourn ih2U, 150, 
(>40; 1921, 154, 542, O07.) 

Carbonisation in larger bulk, tkinsidcrablc 
attention lias roccutly been paid, wpi^cially in 
Germany, to the carbonisation of coal for gus- 
making purjxises in much iarg(>r bulk than tlio 
gas retort, and more in aei'ordance with the 
practice, wliero metallurgical eok(' is tiie product 
primarily required (sre art. (1 ok\). In tins 
industry, as tlio gas is a by-prpduct, the latter 
IS employed for iioating the oviuis, but iws with 
good working only about half the gas made is 
roqirirod for tins jiurpo.se, a oonsidoruble surplus 
remains, wliicli is generally used for boiler tiring 
or in gas engines, in the north of England, u 
considerable amount of this surplus gas is either 
distributed in tho neighbourhood of tho ovens 
for general purposes, or more fnxiueutly the gas 
ie sold in bulk to neighbouring gas undertakings, 
and mixed by them with the gas manufaijturod 
by their own plant. Muhllosborough is almost 
entirely supjihcd with gas from e.oko ovens, and 
a material proportion of the supply of Leeds, 
Shefliold, and other towns is df^rivcd froTii the 
same Bource. In Germany an<i m th<i flnitod 
States an increasing amount of coke-oven gas is 
employed in this manner. 

In the coke-ovon induutry, th«; object aimed 
at is not only the production of coke, but also 
tho utilisation of the slack inevitably produced 
in tho operation of mining. This is in many 
oasoB first washed to remove mineral impurities 
as far as possible, and, when charged into the 
ovens, lies in a dense moss, whiem may be 10 
tons or more in weight, and has very small 
interstitial spaces, and is sometimeB further 
specially compressed; moreover, it contains 
10 p.c. or more of moisture. Whilst the 
result of these alterations in tho conditions 
from those in gas retorts effects an improve¬ 
ment in the quality of the coke induced, 
.the gas, as it is formed, has greater difficulty in 
escaping from the centre of charge, and the 
volume produced is usually lower, although it is 
of good oaioTiflo power, provided due precautions 
are taken to prevei)^ we drawing in of undue 
amounts of furnace gases or air. The rate of 
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carbonisation is also naturally much slower, os 
the larger the bulk in which tlio coal is charged 
the smaller is the ratio of heating surface per 
unit weiglit of coal, which further influenoos, to 
some cxtfuit, tlio composition of the resulting 
gtw. 

Ill (iermany, partumlaiiy during tho jiast 
few yoars, cxtcnsiv»> oxporiments nave been 
made with earbouisiug chambers of rather 
Hiiiallcr Ki/.o than coke ovens, holding from 
'A to () Ions JILT charge, in which the heating is 
diet tc<l by producer gas manufactured from 
the coke, and ordinary gus coal is carbonised 
instead of waKhod slack. In some of the forms 
udopUHl, lu»n/.ontal chanibcn< arc used, and in 
othom, thcHi* arc provided witli a sloping 
bottom, to facihtaU' the charging of tho coal 
and (hscharge of the coke (tee J. (Jas Lighting, 
IbOb. KK). H!12). Tho coko obtained with BUdi 
chanilx'rs is more closely allied to motullurgical 
coko than U> ordinary gas coke, but whore 
ordinary gas coal is ustsl, the rcHultft, so far as 
(piality of gtw, tar, and ammonia arc concerned, 
i (lo not appear to differ maUinally from tl^e 
obtained with iutormittont vertical rotorUi. ?lis 
relative advantages of suoli chainbci-s and retorts 
he more in connection with uuoHtions of the 
capital ainl working costs, of the dosirability of 
su(;h large carlionming unitN for making a uniform 
uiiahty of gtui,^or adjusting the gas output to 
the Hcasoiiai variation in the demand for a 
public supply of gas, and of tho suitability of iho 
([ualitv of coke ]iroducod to BUp])ly the local 
domuiul. Kince 1911 a {<‘W installations of 
tliis intormodinto typo of chamborH, between 
tho si/.e of retorts and coko ovens, havo been 
adopted in this eountrv. 

The possibility n^ supplying gas of low 
calorific power has resultccl also in tho develop* 
mi'Tit of plants for the total gasilioation of coal, 
the general principle of which lies in tho combina¬ 
tion of a vertical retort wit h a wator-gas or 
mixed gas producer, tlie coal ])as8ing into the 
producer through the former in which, partly 
oy external heat and partly by the sensible heat 
of tho hot water gas or producer gas passing 
througli it, this is converted into a low-toraperef* 
tiire coke iK'forii reaching tho producer, where it 
i.s finally gasified, the mixed gas thus produced 
having a calorific power of 300-3.50 B.Th.U. 
Such jilants havo Ix'en adopted in many gas 
works in this (country as auxiliaricn, and also to 
a considerable: (extent on the (Continent, but 
dialled and chocked reports of their efficiency 
have not yet l>eon published. 

The efficiency ot plants of thia type would be 
very largely increased if oxygen were available 
at a cheap enough rate to be introduced along 
with steam instead of air into the producer. 
I'bis matter is fully discussed by Hodsman and 
Cobb {Gas Joum. 1920, 160, 040), ^ 

Condensation of the Hot Ga». 

The volatile products driven off from the 
coal issue from tho retorts into the mouthpiece, 
at a high» temperature, which may, at timee, 
reach 700®-800*, but this falls very rapidly aa 
the gas passes up the ascension pipe. This 
arises partly from the fact that the (uaerenoe in 
temperature between the gas within and the air 
circulating around the pipe is very great, and 
partly because the numoer of heat unite to be 
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removed for a ffiven temperature interval ia 
relatively small, being due t-o the spe(‘ific heat of 
the gases, and the latent heat of the tar vapours 
which condense, both of which are comparatively 
low. The temperature, theref()n'. falls rapidly 
up to the point at whicli water cc»mmenc(*s to 
condense, which is usually about 7r)''-S(V, and 
from this point onwards the rate of cooling 
becomes very slow, chiefly owing to the liigh 
latent heat of the 8t(‘am pro.sent. Tlie ilew- 
point is mostly attained by the time the ga.s 
reaches the din jJi]>e, and th<' tenipeniture of 
the gaa in the hydraulic or drj mam. where tlie 
streams of gas from tla* dilTiTi'iit. pel<tr1« mix. 
averages ahoul, (>() . ]ty the time t)ie steam 
eommenees to eondeasc. in far tli<‘ greater part 
of the tar vajanirs present have iKpietied, ami. 
owing to the rapid rate of cooling, thi'se separate 
in the form of finely du ided ilrops or vesn les, 
wliicdi are earru'd along willi tlie stream of 
uncondensed gas mechaiueally in tlie form of a 
dense brown fog. In jiassing through the 
hydraulic or dry mam. the greater pait of this 
fog (generally from 7<> to HD p.e.) eoalesei's t.o 
form liquid tar, a eunsjderahle amount of water 
also separating here also,-which eomianes with 
the ammonia and other impurities of the gits, 
forming ammoniacal Inpior, these two li(|UKis 
bemg removed m the manner already deserihed. 
The combined streams from all the eolieeting 
maiiiH of tho soparati' setting unil-e m a trunk 
mam termc'd tlio ‘ foul ’ main, hy which tlu'y 
aro conveyed from the retort house !o the 
condensing plant proper, the eombini'd stream 
having at tins point a temperature of fiD-fit)', 
and wtil! eontammg much suspended tar fog, 
amounting in sonu' (^ases to as much its oiu'* 
third of tlie total tar production. 

The coidmg of the gasi's to aiinroximately 
atmospheric temperature is efToeted liy moans of 
either atmospheric eoiidortsiM’s or watcr-eoolcd 
condensers Although many tyja-s of tin- former, 
differing in external appearance, are in use, the 
arrangement i.s in all casiw sueli that tlic gas is 
paase.d slowly through afiparatus exposing a large 
surface to the air, whertdiy tlie si'nsiblo heat of 
the gascB and the latent heat of the vajiours is 
given up to the air ])a.ssing over the surface. In 
tho water-cooled eondonsera water is omjiloyed 
as the cooling medium in plae<‘ of air. This 
typo of cond(5nser requires a mmdi smaller 
cooling surface than tho atmcwplierie type, and 
tho temperature to wliieh the ga.‘i it- (sMjh'd can 
bo more readily regulated by controlling tlie 
flow of water, provided a sufficient supply of 
cold water is always available. 

Fig. 13 shows the general arrangomont of a 
vertical, and Fig. 14 of a horizontal, atmoHjihcric 
pipe condenser, the manner of working lieing 
rewily apparent from the diagram. Fig. 15 
gives one. section of an annular atmospheric 
condenser, in which the gas passes through the 
annular s^cc between the inner and outer 
pipes, the air circulating not only over the 
outer pipe, but also ascending up the inner pipe, 
cooling Doth surfaces of the annular chamix*rH. 
The volume of air passing up the inner pipe can 
be varied by means of the damper shown, and 
the extent of cooling of the gas regulated to 
some extent in this way. Fig. 16 gives a vertical 
and cross section of a water-cool^ tubular con¬ 
denser, the gas passing downwards over the 
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outer Rurfaeo of tho small pipes, the water 
travelling up the pipes in the reverse direction 
to the gas stream, so that tho gas leaving the 
apparatus is finally cooled by tho incoming cold 
water. Many other gotid forms of both atmo- 
sphorii- and water eondonsers ar(> in use, but their 
action is, in genoral, similar to thewo described. 

When higli carbonising ii'mperaturee aw 
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employed, cepecially with certain classes of coal, 
the tar separating in the cold end of the con¬ 
denser is apt to become semi-solid from Crystal¬ 
lisation of naphthalene, eventually causing a 
stoppage. 'J’o avoid this it is convenient tS 
arrange the connect^ns and valves in such a 
manner that the inlet and outlet can bo reversed ; 
the previously cold end then receives the hot 
gas, and the thick tar becomes fluid and flews 
to the tar wAl, so that by periodic reventals of 
the stream blocks from this cause can bo largely 
avoided. 

In this country, where the seasonal changes 
in temperature are not, as a rule, very extreme, 
aAnoephoric condensers are employed to the 
largest extent, water condensers ^ing employed 
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frequently in fi<]<lit.ion to efToct Uie final cooling 
of the gofl. On tlic Coniinent, whore lower 
temporaturoM often prevail in winter and higher 
insuimmtr, water condeuHtn-H are more frequently 
u«od, and am enidosed in inuldmga to protect 
them from (!x)rcmc>i of UnujHTatuix'. 

in tlm eaily ‘lays of the nmnufacture, tjn* 
only I'oint considered waa the siinjile cooling of 
I he gits, I(ii1 It was Kdon found that tin' maninT 




in which t he cooling takos place and the tempo- 
ratiiro t-o wdiu h (he condensed tar is coohnl in 
ooutacl with the gas hu« a very material etfoct 
on“the illuminaling power of the gas produced. 
This arisen from the fact that the illuminating 
power of the gas is very largely depenrient upon 
the amount of l^cnzene vapour present in it. 
and the lower the iemjioratnro to which the 
tar is cooled when in contact with the gas, the 
greater is the proportion of the botfeone retained 
by the tar and the lower that left in the 
goB. The object aimed at in condensation is, 
therefore, not merely to cool the gas, but to 
oarry out the cooling in suofa a manner as to 
leave in it the maximum amount of benzene 
vapour that it can retain at ^ lowest tempera- 
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ture to which it may be subsequently expoeod 
during distribution, and, at tho same time, to 
remove as completely as possible the vapours of 
higher-boiling substances, ospoeially naphthalene. 
The importance of the removal of the latter 
ariKcft from the fact that it is a solid at the 
ordinary temjicratiiro, and, when present, is 
liable to be doposited m crystals as tho gas 
; eools, and then cauHen bloi’ks in the subsequent 
nmuiifactunng plant and in the distribution 
■ system, causing great inconvenience. Although 
I the amount of mqihthaleuo in tho gaft sent out 
, from the works rarely cxcccdH 10-20 grains per 
KtO cub. ft., an<l is usually much less, the 
, (Icjjosited naphthalene may, when woatlicr con- 
, dilions are tavoui-able to its separation, cause 
; (lie stoppage of hundreds of service pipes in a 
; single night in a large town. 

I 'J’o olfect the maximum retention of the lowest 
! boiliog-tar eonstitiM'nt, ben/ene, and tho most 
I C(iUiph'te removal of the higher-boiling con- 
i Ht it uenta, the idi^al proeedure would be to arrange 
; the condensing syHlem ho that the whole of tho 
! products of condensation flowed back in tho 
, opponite direction to the gas, whereby the gas 
j IS eont.iniially exposwl to the solvent action of 
j the lujuids eondensed fixun it at a lower tempera- 
j tinvy in e.xactly t he same manner as tho vapours 
I from a niixturo of liquids aro treated in a 
; fractionating column m the process of fractional 
i distillation. TJus jirinciplc is, however, vorv 
] diilicult of n])jilicati<m in its entirety in tho coal- 
I gas manufacture, for many reasons. In the 
I first place, as already rneniioncd, Iho sejiarato 
j streams from cacli retort undergo such rapid 
cooling before tlu'y I’ombine to a single Htream, 
tliat the tar lias largely separated as a fog, 
which is inevitably largely carried forward 
mechanically with the gas, instead of travelling 
m the reverse direction; and. seeoudly, water^Iso 
j eomlensee from the gas, and os tliis does not mix 
1 witli, and is specifically lighter than, tho tar, it 
tends to cover the surface of the separated 
i and prevent tho latter exerting its full solvent 
action on the substancos still preitent afl vapours 
ui tho gas. Where the coal is carbonised in 
larger units, as in coke ovens, the combined 
streams from the ditforent ovens have a much 
luglier temperature; here a strictly counter- 
current procoris is nior(‘ ])ossible, and Fold has 
pat^mted a process for the treatment of such 
gas in a spnos of mechanical washers, in which 
the gitf is suceoasively washed with the products 
! condensing at a lower tonijierature, the tar 
l^ing obtained direct from these in different 
; fractions, corresponding to those obtained in the 
first distillation of coal tar, and free from water, 
OB the temperature is not allowed to fall to the 
point at which steam commences to condense 
, (Eng. Pat. 2(5202, 190.'); 20139, 1907 ; 27567-«. 
I 1907 ; 9080,1910). The removal of t^ fog from 
: the hot gas from coko ovens at temperatures 
above the dow-point is also carried out by 
the Otto process (.♦ee art. Coke). 

The adoption of the counter-current system 
in gas works in tho later stages of condensation, 
tends to have a beneficial enect, but the extent 
is only slight, owing to the above-mentioned jao- 
tective effect of Uie condensed itTnm/inia/iftl 
liquor, the quantity of which is much greater 
than that of the tar after the gas leaves 
the hydraulic mainr In genial, uie iHdeet 
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^ye^noe oooais in practice 09 to the manner 
in wrhioh the condensed tor is allowed to flow, 
this being sometimes with and sometimes 
agaimtt the gas streams, and somotiinea alter¬ 
nately in each direetioii. it. is, however, 
generally agreed that tlie tar which soparatos at 
the earliest stages, namely, in tlio hydraulic 
main, sliould be removed from contact with th'j 
gas before the t4*mjs'raturc of t lu' latU*r ik 
rwiuood below 30"- :\r> 

Formerly, when gan of liigher illummatiiig 
power was madts iL wjih generally n'gard«*<l its 
important that the. cooling of the giis, at any 
rato from 00 ' to about 2r)'. should tak(' pbwH'i 
slowly, if loss of ilhinnuatitig ])Ower was to be 
avoi(ied. With gas of tiie ijualiLy now usually 
made, this is, however, of but little influeneo, 
rapid cooling in this (?a«o olfocting l)ut little 
reduction of the ealontic power, provided the 
temperaturo is not reduceci below If)''-2ft''; if. 
however, the gas is at any time cooled in 
jiresence of tar inueh helow l.'i", decided n'due- 
lion in calontii- power oeeurK, and too great 
reduction of temperature in condensation is. 
therefore, always !,o be avoided. 

During the whole of condensation, including 
that occurring in the retort house, from !) to 15 
gallons of tar ]ior ton of eon! (varying wilii tiic 
nature of the latUT and the tenipcratuic and 
method of carbonisation) are separated from ilu‘ 
gHS, togetii(*r with a ipiantity of ammoniacal 
liquor varying usually from about 10-15 galloim 
per ton. Th(*so lioth flow together to tJie well 
or wells, to which any tar and liquor from 
the Hubseijuent apparatus also gravitate. 'Die 
condensed water removi's a large proportion of 
the ammonia from tfio crude gas (usually about 
half of the 400-450 grains nor 100 cub. ft. 
contained in tlie gas is.suing from the retorts), 
ami tile alkaline ammonia solution also extracts 
the whole of the liydrochionc acid in the gas 
formed from the chlorine in the coat, and sonK' 
of the carbon dioxide, .sulpfairotted hydrogen, 
and liydrocyanie aoul. 'Phe liquor ohiamed in 
condensation is t<'rined ‘ virgin liquor,’ t hat 
portion formed in the n‘torl hoiwe being usuallj^ 
though not invariably, weak, and containing 
from 0 5 to 1-5 p.c. of ammonia, whilst that 
from tho condensers is more concentrated, and 
may contain 4 p.c. or more. 'Die cooled gas 
mofitly eonfaias some 2(K) grains of ammonia, 
and 50-100 grains of hydroeyamp acid per 
iOO cub. ft., from 1 to 2 p.c. ot sulphuretted 
hydrogen, and l-!i p.c. of carbon dioxide, and 
in addition also an appreciable amount of t^r 
fog, which has not boon removed from the gas 
in it« passage through the condensers, and 
which, if not previously eliminated, Ls deposited 
in the subsequent purifying apparatus, rendering 
them much lees efiicient. 

EllUUUtan. The gas pumps, or exhaust-ers, 
are in the most usual practice placed at the outlet 
of the cofldensers, the gas being drawn through 
the condenseiB and forced on through the 
eabseqaent plant. Varloas kinds of exhausters 
are employ^ tho moat popular being those of 
the Beale rotary type, shown in Figs. 17 and 18. 
These are automatically controlled by the 
vaoQum in the hydraulic main so as to maintain 
the latter constuit, a service pipe being run 
from the hydraulic main to a governor in the 
eshauster boxiso. The latter governor is then 
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connected with a throttle valve controlling the 
steam supply to the exhauster, so that the speed 
at which the latter runs is automatically regulated 
to give a stx'ady vacuum; or the latter may be 
run at a constant speed, and the governor 


•B 
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connected to a valve on a liy-pass main from the 
lulet to tlie outh't of the exlisiistcr, allowing 
more or less gas to How back from ilio exhauster 
outlet to the inlet, according us the rat-c at which 
the ga.H IS (‘volved from tlio retort falls or rises. 



Extraction of tar fog. 'I'o eliminate the 
remaining tar fog from tlie cooled gas, two 
motliods are enijiloyed. In tho first, repre¬ 
sented by the IVlou'/.e-Andoiiin tar extractor, 
thci IS divided up intci fine streams, which 
imjiinge, at a (‘(mHidiTabie velocity, on a flat* 
surface ; the tarry partieios adhere to the latter 
and coakwee to tar which flows away. Fig. 19 



shows the essential* portion of the apparatus, 
which consists in two plates with a smw space 
between them, the first of which is perforated 
with fine holes about ^ inch in diameter, and the 
second with'slots, the plates being so fixed that 
the gas issuing through the small holes impinges 
on the unperforated portion of the dotted 
plate. Two such pairs of plates are used in 
series, and these are arranged to form a ball 
(Fig. 20), which is sealed in the tar formed, 
counterbalanced by weights so that ft is free to 
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riiio in ihfi iivr, Tf the amount of pawiing angular vesflol. the lower portions of which arc 

through the u])paratuH iiicreaHc's, tho pressure perforated with holes inch in diameter, 
within tho holl tends to increase also, and the os ahown, this portion l>eing sealed in am- 

latter rises, mid tliu.s prosents a larger nuinher moniaeal liquor. The goa entering at tho top 

of h'lh-s for the gas lo jioss through, and rirr passex down hetween the troughs, and foreos 

HJ rer-sd, and in this some of the liquor ilirotigh the lioles into tho 

manner iln- veloeily of interior of the troiiglis. thus nnsealing tho 

till' gas through the hoh's, tlirough whuh the ga.s then bubhles, as 

holes IS kept ap}iio\i- well as thi'ougli the aeeonil jicrforateil plate 

niately eonstanl with across llie width of th(‘ ttoiigli The lujuor in 

\ar\ing jnoduelion of the ttoiigii is bioken up into foam, and clfects 

gius n’his apparatus is the rtunosai of the tar fog and some ammonia 

\riv' elln'ieiit when from llie gas. tlie waslicd gas jiassing away 

propelly worked, hut throiiL'h the open (‘lul of tlic trough to the gaa 

is jircferahiy main- millet. Willi projici woiking the amount of 

tiiined at a tempera- tai log van he teiiiici'd to helow 10 grams per 

lure ot ahoiit. Ill) , a- 100 culi ft., hut llie amuunti of ammonia 

otherwise the deposited i removi'd \afies great 1\ according to the strength 

tai may Ix'coriK' so I of tin’ Iniuor iisial. and the amount jiassed 

thick that It. cmmol ' tliioiigli llu‘ washer. Small amounts of carbon 

Ilou awuv, a.ml the ' dioxide, sulpliur(‘tt<‘(! hydrogen, and hydro- 

appmatns heioincs ' eyanic amd arc also i('mo\Td hy the washer, 

hlui ked i Wet purification. To effect tlie eom]ilete, or 

'I’Ih' second mcdluid almost compleli', i‘c‘mo\’al of annnoma, the gas 

consists in dividing tlie is next washed with watcT in suitable ajiparatus, 

gas into a number of the washing being comlmtc'd on Ihe counter- 

SI lal! stri'ams, and mb- j eurrenl iirineiple. fhe gas meeting a current of 

liluig these Ihrongli water flowing in flu* ojiposite direcfion, ho that 

iimmoniaeal liquor, tins the liquor leaxing the apjiaratus meets with the 

siTNiiigtlie douhle })iir- gas nelii'st in ammonia, niur is tlieieby worked 

pose of I'emoving tai up to the lughi'st. Hticuigtli pos.sdile, whilst flip 
tog, and 111 strengthcui- gas leaving the apjiaviitus eonu's in eontact witli 
ing the ui'uk lupioi frc'sh water, eoniaining little or no diasolvod 

prodnei'd in other juuls ammonia, and is thetehy trec'd as eonijilotply oh 

of the process (such as praelieable from it, One of the oldest forms of 

•2 the refort-houso liquoi, apparatus for fhe jiurjiose, which is still largely 

Pjq. 20. or the licjimr from the in use, is the hmr Acrulihcr (Fig. 22). This 

final seruhhi'rs), winch consists of a vertical tower of circular Hcction 

iH fed into fhe ajqtaratus. A very ('llieient filled with coke, flints, wooden boards on edge, 
apparatus of tins lyjie is the liivesey nr other material whicli exposes a largo Hurfmpo 
WHslicr, the essenfiiil feature of vihieh is to t he gas passing through it Water is ineeluvni- 
shown in i''ig. 21. Jt consists of a ])arallcl eally sprayi'd over the whole of the ujipcr surface 
Heties of troughs arranged in a east-iron rect- ol llu* tilling material, and slowly percolates 
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^ye^noe oooais in practice 09 to the manner 
in wrhioh the condensed tor is allowed to flow, 
this being sometimes with and sometimes 
agaimtt the gas streams, and somotiinea alter¬ 
nately in each direetioii. it. is, however, 
generally agreed that tlie tar which soparatos at 
the earliest stages, namely, in tlio hydraulic 
main, sliould be removed from contact with th'j 
gas before the t4*mjs'raturc of t lu' latU*r ik 
rwiuood below 30"- :\r> 

Formerly, when gan of liigher illummatiiig 
power was madts iL wjih generally n'gard«*<l its 
important that the. cooling of the giis, at any 
rato from 00 ' to about 2r)'. should tak(' pbwH'i 
slowly, if loss of ilhinnuatitig ])Ower was to be 
avoi(ied. With gas of tiie ijualiLy now usually 
made, this is, however, of but little influeneo, 
rapid cooling in this (?a«o olfocting l)ut little 
reduction of the ealontic power, provided the 
temperaturo is not reduceci below If)''-2ft''; if. 
however, the gas is at any time cooled in 
jiresence of tar inueh helow l.'i", decided n'due- 
lion in calontii- power oeeurK, and too great 
reduction of temperature in condensation is. 
therefore, always !,o be avoided. 

During the whole of condensation, including 
that occurring in the retort house, from !) to 15 
gallons of tar ]ior ton of eon! (varying wilii tiic 
nature of the latUT and the tenipcratuic and 
method of carbonisation) are separated from ilu‘ 
gHS, togetii(*r with a ipiantity of ammoniacal 
liquor varying usually from about 10-15 galloim 
per ton. Th(*so lioth flow together to tJie well 
or wells, to which any tar and liquor from 
the Hubseijuent apparatus also gravitate. 'Die 
condensed water removi's a large proportion of 
the ammonia from tfio crude gas (usually about 
half of the 400-450 grains nor 100 cub. ft. 
contained in tlie gas is.suing from the retorts), 
ami tile alkaline ammonia solution also extracts 
the whole of the liydrochionc acid in the gas 
formed from the chlorine in the coat, and sonK' 
of the carbon dioxide, .sulpfairotted hydrogen, 
and liydrocyanie aoul. 'Phe liquor ohiamed in 
condensation is t<'rined ‘ virgin liquor,’ t hat 
portion formed in the n‘torl hoiwe being usuallj^ 
though not invariably, weak, and containing 
from 0 5 to 1-5 p.c. of ammonia, whilst that 
from tho condensers is more concentrated, and 
may contain 4 p.c. or more. 'Die cooled gas 
mofitly eonfaias some 2(K) grains of ammonia, 
and 50-100 grains of hydroeyamp acid per 
iOO cub. ft., from 1 to 2 p.c. ot sulphuretted 
hydrogen, and l-!i p.c. of carbon dioxide, and 
in addition also an appreciable amount of t^r 
fog, which has not boon removed from the gas 
in it« passage through the condensers, and 
which, if not previously eliminated, Ls deposited 
in the subsequent purifying apparatus, rendering 
them much lees efiicient. 

EllUUUtan. The gas pumps, or exhaust-ers, 
are in the most usual practice placed at the outlet 
of the cofldensers, the gas being drawn through 
the condenseiB and forced on through the 
eabseqaent plant. Varloas kinds of exhausters 
are employ^ tho moat popular being those of 
the Beale rotary type, shown in Figs. 17 and 18. 
These are automatically controlled by the 
vaoQum in the hydraulic main so as to maintain 
the latter constuit, a service pipe being run 
from the hydraulic main to a governor in the 
eshauster boxiso. The latter governor is then 
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connected with a throttle valve controlling the 
steam supply to the exhauster, so that the speed 
at which the latter runs is automatically regulated 
to give a stx'ady vacuum; or the latter may be 
run at a constant speed, and the governor 


•B 
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connected to a valve on a liy-pass main from the 
lulet to tlie outh't of the exlisiistcr, allowing 
more or less gas to How back from ilio exhauster 
outlet to the inlet, according us the rat-c at which 
the ga.H IS (‘volved from tlio retort falls or rises. 



Extraction of tar fog. 'I'o eliminate the 
remaining tar fog from tlie cooled gas, two 
motliods are enijiloyed. In tho first, repre¬ 
sented by the IVlou'/.e-Andoiiin tar extractor, 
thci IS divided up intci fine streams, which 
imjiinge, at a (‘(mHidiTabie velocity, on a flat* 
surface ; the tarry partieios adhere to the latter 
and coakwee to tar which flows away. Fig. 19 



shows the essential* portion of the apparatus, 
which consists in two plates with a smw space 
between them, the first of which is perforated 
with fine holes about ^ inch in diameter, and the 
second with'slots, the plates being so fixed that 
the gas issuing through the small holes impinges 
on the unperforated portion of the dotted 
plate. Two such pairs of plates are used in 
series, and these are arranged to form a ball 
(Fig. 20), which is sealed in the tar formed, 
counterbalanced by weights so that ft is free to 
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Naphthalene re¬ 
moval. Mention ha8 
already boon made of 
the difficulty which 
arisea from blockagee 
both in the plant and 
mains on the works 
and on the mains 
and Horview in the 
district of supply, from 
tltf deposition of solid 
naplitlmlcno from the 
^as. In the early days 
of the industry, when 
lower carbonisation 
teinjieratures wore em¬ 
ployed, no difficulty 
was experienced in t his 
lespectr, a.s, although 
coiinderable amounts 
of naphthalene, were 
even then T>rosent in 
the hot gas, the amount 
ot otlier tar consti- 
tiiculs boiling at the 
same or a lower 
temperatimi than 
na[)htlialen<! was suf- 
lieient to ellect a 
practically complete 
washing out of the 
najihthalc'ue from the 
guH ill the ordinary 
process of condcufiia- 
tion As carlxmising 
teni]>eiHl lire increased, 
tnnihle fioin naphtha¬ 
lene became more. aii<l 
more noticeable, at 
tirst only where coals 
from the Durham eoal- 
tield wore carbonised, 
hut eventually, with 
still ingher carbonising 
tem}>eraturc«, from all 
chisMS of coal, and 
very serious nuisance 
from naphthalene 
stoj)|iages took place, 
holh manufoolurcni 
and consumers being 
ntlectod. 

'riie ditliculty arises 
fi om the fact already 
discussed, that in¬ 
creased carbonising 
li'inperaturos, when 
theie is also a con¬ 
siderable free space 
aiiovo the coal m the 
retort, elTect an in¬ 
crease in the pro¬ 
duction of naphtha¬ 
lene and a decrease in 
the production of 
lower-Doiling tar oils, 
tho proportion of the 
latter being then in¬ 
sufficient to effect tho 
complete washing out' 
of the naphthalene 
from the gas at the 
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^ye^noe oooais in practice 09 to the manner 
in wrhioh the condensed tor is allowed to flow, 
this being sometimes with and sometimes 
agaimtt the gas streams, and somotiinea alter¬ 
nately in each direetioii. it. is, however, 
generally agreed that tlie tar which soparatos at 
the earliest stages, namely, in tlio hydraulic 
main, sliould be removed from contact with th'j 
gas before the t4*mjs'raturc of t lu' latU*r ik 
rwiuood below 30"- :\r> 

Formerly, when gan of liigher illummatiiig 
power was madts iL wjih generally n'gard«*<l its 
important that the. cooling of the giis, at any 
rato from 00 ' to about 2r)'. should tak(' pbwH'i 
slowly, if loss of ilhinnuatitig ])Ower was to be 
avoi(ied. With gas of tiie ijualiLy now usually 
made, this is, however, of but little influeneo, 
rapid cooling in this (?a«o olfocting l)ut little 
reduction of the ealontic power, provided the 
temperaturo is not reduceci below If)''-2ft''; if. 
however, the gas is at any time cooled in 
jiresence of tar inueh helow l.'i", decided n'due- 
lion in calontii- power oeeurK, and too great 
reduction of temperature in condensation is. 
therefore, always !,o be avoided. 

During the whole of condensation, including 
that occurring in the retort house, from !) to 15 
gallons of tar ]ior ton of eon! (varying wilii tiic 
nature of the latUT and the tenipcratuic and 
method of carbonisation) are separated from ilu‘ 
gHS, togetii(*r with a ipiantity of ammoniacal 
liquor varying usually from about 10-15 galloim 
per ton. Th(*so lioth flow together to tJie well 
or wells, to which any tar and liquor from 
the Hubseijuent apparatus also gravitate. 'Die 
condensed water removi's a large proportion of 
the ammonia from tfio crude gas (usually about 
half of the 400-450 grains nor 100 cub. ft. 
contained in tlie gas is.suing from the retorts), 
ami tile alkaline ammonia solution also extracts 
the whole of the liydrochionc acid in the gas 
formed from the chlorine in the coat, and sonK' 
of the carbon dioxide, .sulpfairotted hydrogen, 
and liydrocyanie aoul. 'Phe liquor ohiamed in 
condensation is t<'rined ‘ virgin liquor,’ t hat 
portion formed in the n‘torl hoiwe being usuallj^ 
though not invariably, weak, and containing 
from 0 5 to 1-5 p.c. of ammonia, whilst that 
from tho condensers is more concentrated, and 
may contain 4 p.c. or more. 'Die cooled gas 
mofitly eonfaias some 2(K) grains of ammonia, 
and 50-100 grains of hydroeyamp acid per 
iOO cub. ft., from 1 to 2 p.c. ot sulphuretted 
hydrogen, and l-!i p.c. of carbon dioxide, and 
in addition also an appreciable amount of t^r 
fog, which has not boon removed from the gas 
in it« passage through the condensers, and 
which, if not previously eliminated, Ls deposited 
in the subsequent purifying apparatus, rendering 
them much lees efiicient. 

EllUUUtan. The gas pumps, or exhaust-ers, 
are in the most usual practice placed at the outlet 
of the cofldensers, the gas being drawn through 
the condenseiB and forced on through the 
eabseqaent plant. Varloas kinds of exhausters 
are employ^ tho moat popular being those of 
the Beale rotary type, shown in Figs. 17 and 18. 
These are automatically controlled by the 
vaoQum in the hydraulic main so as to maintain 
the latter constuit, a service pipe being run 
from the hydraulic main to a governor in the 
eshauster boxiso. The latter governor is then 
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connected with a throttle valve controlling the 
steam supply to the exhauster, so that the speed 
at which the latter runs is automatically regulated 
to give a stx'ady vacuum; or the latter may be 
run at a constant speed, and the governor 
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connected to a valve on a liy-pass main from the 
lulet to tlie outh't of the exlisiistcr, allowing 
more or less gas to How back from ilio exhauster 
outlet to the inlet, according us the rat-c at which 
the ga.H IS (‘volved from tlio retort falls or rises. 



Extraction of tar fog. 'I'o eliminate the 
remaining tar fog from tlie cooled gas, two 
motliods are enijiloyed. In tho first, repre¬ 
sented by the IVlou'/.e-Andoiiin tar extractor, 
thci IS divided up intci fine streams, which 
imjiinge, at a (‘(mHidiTabie velocity, on a flat* 
surface ; the tarry partieios adhere to the latter 
and coakwee to tar which flows away. Fig. 19 



shows the essential* portion of the apparatus, 
which consists in two plates with a smw space 
between them, the first of which is perforated 
with fine holes about ^ inch in diameter, and the 
second with'slots, the plates being so fixed that 
the gas issuing through the small holes impinges 
on the unperforated portion of the dotted 
plate. Two such pairs of plates are used in 
series, and these are arranged to form a ball 
(Fig. 20), which is sealed in the tar formed, 
counterbalanced by weights so that ft is free to 
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found in the puriiicd to any vory coneidor- 
ablo oxtoni. Jn hohi'* undertakings the hydro¬ 
cyanic acid is extracted at an earlier stage by 
Hpc<;iat proceMHOs jii order to obtain cyanogen 
compoutidH m marketable form, and the methods 
eTnj)l(>y««l for tins ])urpoHo wiU bo described 
lat('r. 

Whore .sul])hiiietl<’d hydrogen alone is to be 
nunovod, tlu' ])iirifving niidcnal <uni)loycd is 
moist hvdraied ferru' t)\idc, Ibc nal.undly occur¬ 
ring bog iron oic being largely used for the pur- 
p(*He. 'riiiH cont-airiH a Hiilbcicnt amount of 
iibrous organic niatlir to rciah'r the mass 
jiorous an<l allow of I lie ])a.ssagc of the' gas 
tbrougli it. Where aitilieial or nalnral feme 
hydroxi<!es, fre<‘ from organa' mallei, arc 
employed, tlu-si', are mixed witJi inutena! such 
as sawdust or wooil eliijis to give the reipiin'd 
porosity. 

The material is (diarged m e\<‘n layers into 
rectangular i iist-iion voshcIk (Fig 24) eontaiiiiiig 
woodmi grids to carry the o\ide, tlie thu-knesH 
and number of llie Ia\r-rs \aiying aeeonhng lo 
the size of the ]>uiilier 'riie latter is then 
closed by a lid, wliieb, in I lie difigfiim siiowii. is 
remlored gos-tigbl by tlio jiidViMiim of verUeal 
silk's wbieh <lrop into a water lute laist- around 
1/be jienjiliory of tlie junitier; ho long an the 
pn'MHurc of tile gas within the box dnoH not 
oxeoed that eipm! lo the water 
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seal, no gaa can escape. As, however, serious 
explosions have occurred owin^ to escape of gas 
through the water seal, owing to oxcessivo 
presaurQ, tlie present tendency is to the adoption 
of lutele-ss lafa which are bolted to the purifier 
and made gas-tight by the insertion of a rubber 
joint between the jturiiier and cover. 

'Pile piinfiiTs are mostly worked in sets of 
four, the connect inns being .so arranged that the 
' gas cun bi^ alluwi-d to eiiti'r any box, and then 
i pass in senes thioiigh the remaining boxes, 
i Freipiently only three boxes are worked in 
•seiK-s. the fourth being oil for changing the 
maleniil. or kept in reseive when freshly 
eliargeil until sitlpluiretted liydi’ogim is found 
to be getting forward neaflv t.<i the (outlet of the 
; box liefore it. when the friisii box i.s put to work, 
and the lirst box in the senes shut out and 
reeliargeil willi fresh oxide. 

'I'lie sul[i!iiirelti'il liydrogen acts on the 
hvdnitcil feme oxide in two ditTerent ways, 
forming either feri'ie Mil[ilitde or a mixture of 
' feiTous .sulphide and free siilpliur ; 

. (1) !'e,0„.rJt,0 ! :Ul.S-Ke,S,d-(^4:{)H,0 

( 2 ) Fe;i).,..rli ,0 I ;iH,S-^ 2 FeS + S-l-(-i'fll)H 20 

in neutral or faintly acid eonditioii, the reaction 
takes place according to the second eiiuation, 

, lint in slightly alkaline condition feme sulphide 
1 alone is formed, and as the coal gas entering the 
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purifiorB always eonl-ainH traces of ammonia, it 
iH this oom|Hmnd winch is chielly formed in the 
gas puriflorB. 

When the imias lion ceased to absorb suljihur- 
ettedhydrogen.it is reuioxed from the puntier 
and spread ouf on the tloor in moist eonditioii, 
with oeoasional turning over, lo expose it to the 
air, when the ferric sulphide is oxidised, reform¬ 
ing hydrated feme nxini', with sejiaralion of free 
sulphur. As soon oh this reaction i.s eomiilete, 
the mass can be returned to the purifier for the 
e.\traction of fuiiher amounts of siiljilmretted 
hydrogou, this alternate procciis of fouling and 
revivification Is'ing continued until the mass 
eontains 60-70 p.c. of sulphur, when it is sold 
for it^i sulphur content, bwing chielly us<‘d for 
sulphuric ai-id manufacture, one advantage of 
the material for this purpose being its almost 
complete freedom from arsenic. 

As the crude gas onteriiw the purifiers always 
contains some oxygen, the revivification of the 
ferric sulphide to {crric oxide and sulphur always 
takes place to some extent in the puntier it<«uf. 
and the length of time for which u puritier will 
run without clianging depends, to a large extent, 
on the amount of oxygon in the crude ga-s. All 
things considered, the volume of oxygen most 
suitable is rather more than half the porcontace 
volume of the sulphuretted hydrogen in the crude 
gas ; and whero the air «ooidenta11y getting in 


to the ga« does not reach this amount, more is 
addl'd. A Hlill larger addition of air further 
increoHOs the time the punfiers will run without 
changing, and consoijuently the cost for labour, 
but the extra amount of oxygen and nitrogen 
remaining in the gas lowers its quality, and if 
too much oxygen is pre.scnt the separated 
sulphur may even tire in the boxes, and, apart 
from the damage caused in the box, the gas 
may be badly eontaminatod witli sulphur 
dioxide. The temperature of the gas passing 
through the purifiers should not fall below 
about 15®, aa then the action of the oxygen 
bocomos very slow. 

Instead of working the lotation of the puri¬ 
fiers in tlie manner mentioned above, wliioli was 
formerly universal, modified methods are now 
frequently adopted. ThuM, for example, instead 
of glutting on a frc>sh box as the last in the 
scries, it is now frequently put on as the first 
box, where it removes practically the whole 
of the sulphuretted hydrogen, and the gas 
coming from the outlet of the two boxes last in 
the serios iKieoraes quite free from sulphuretted 
hydrogen in a shoit time, any sulphuretted 
liydrogen paasiiig from the last purifier daring 
this period being taken up by a ‘ catch ’ purifier 
placed on the common outlet main. At jj^tervaJs 
: of 24 or 48 hours or more, the last box is made 
I tbe first box of the seriw» when the same change 
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^ye^noe oooais in practice 09 to the manner 
in wrhioh the condensed tor is allowed to flow, 
this being sometimes with and sometimes 
agaimtt the gas streams, and somotiinea alter¬ 
nately in each direetioii. it. is, however, 
generally agreed that tlie tar which soparatos at 
the earliest stages, namely, in tlio hydraulic 
main, sliould be removed from contact with th'j 
gas before the t4*mjs'raturc of t lu' latU*r ik 
rwiuood below 30"- :\r> 

Formerly, when gan of liigher illummatiiig 
power was madts iL wjih generally n'gard«*<l its 
important that the. cooling of the giis, at any 
rato from 00 ' to about 2r)'. should tak(' pbwH'i 
slowly, if loss of ilhinnuatitig ])Ower was to be 
avoi(ied. With gas of tiie ijualiLy now usually 
made, this is, however, of but little influeneo, 
rapid cooling in this (?a«o olfocting l)ut little 
reduction of the ealontic power, provided the 
temperaturo is not reduceci below If)''-2ft''; if. 
however, the gas is at any time cooled in 
jiresence of tar inueh helow l.'i", decided n'due- 
lion in calontii- power oeeurK, and too great 
reduction of temperature in condensation is. 
therefore, always !,o be avoided. 

During the whole of condensation, including 
that occurring in the retort house, from !) to 15 
gallons of tar ]ior ton of eon! (varying wilii tiic 
nature of the latUT and the tenipcratuic and 
method of carbonisation) are separated from ilu‘ 
gHS, togetii(*r with a ipiantity of ammoniacal 
liquor varying usually from about 10-15 galloim 
per ton. Th(*so lioth flow together to tJie well 
or wells, to which any tar and liquor from 
the Hubseijuent apparatus also gravitate. 'Die 
condensed water removi's a large proportion of 
the ammonia from tfio crude gas (usually about 
half of the 400-450 grains nor 100 cub. ft. 
contained in tlie gas is.suing from the retorts), 
ami tile alkaline ammonia solution also extracts 
the whole of the liydrochionc acid in the gas 
formed from the chlorine in the coat, and sonK' 
of the carbon dioxide, .sulpfairotted hydrogen, 
and liydrocyanie aoul. 'Phe liquor ohiamed in 
condensation is t<'rined ‘ virgin liquor,’ t hat 
portion formed in the n‘torl hoiwe being usuallj^ 
though not invariably, weak, and containing 
from 0 5 to 1-5 p.c. of ammonia, whilst that 
from tho condensers is more concentrated, and 
may contain 4 p.c. or more. 'Die cooled gas 
mofitly eonfaias some 2(K) grains of ammonia, 
and 50-100 grains of hydroeyamp acid per 
iOO cub. ft., from 1 to 2 p.c. ot sulphuretted 
hydrogen, and l-!i p.c. of carbon dioxide, and 
in addition also an appreciable amount of t^r 
fog, which has not boon removed from the gas 
in it« passage through the condensers, and 
which, if not previously eliminated, Ls deposited 
in the subsequent purifying apparatus, rendering 
them much lees efiicient. 

EllUUUtan. The gas pumps, or exhaust-ers, 
are in the most usual practice placed at the outlet 
of the cofldensers, the gas being drawn through 
the condenseiB and forced on through the 
eabseqaent plant. Varloas kinds of exhausters 
are employ^ tho moat popular being those of 
the Beale rotary type, shown in Figs. 17 and 18. 
These are automatically controlled by the 
vaoQum in the hydraulic main so as to maintain 
the latter constuit, a service pipe being run 
from the hydraulic main to a governor in the 
eshauster boxiso. The latter governor is then 
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connected with a throttle valve controlling the 
steam supply to the exhauster, so that the speed 
at which the latter runs is automatically regulated 
to give a stx'ady vacuum; or the latter may be 
run at a constant speed, and the governor 


•B 
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connected to a valve on a liy-pass main from the 
lulet to tlie outh't of the exlisiistcr, allowing 
more or less gas to How back from ilio exhauster 
outlet to the inlet, according us the rat-c at which 
the ga.H IS (‘volved from tlio retort falls or rises. 



Extraction of tar fog. 'I'o eliminate the 
remaining tar fog from tlie cooled gas, two 
motliods are enijiloyed. In tho first, repre¬ 
sented by the IVlou'/.e-Andoiiin tar extractor, 
thci IS divided up intci fine streams, which 
imjiinge, at a (‘(mHidiTabie velocity, on a flat* 
surface ; the tarry partieios adhere to the latter 
and coakwee to tar which flows away. Fig. 19 



shows the essential* portion of the apparatus, 
which consists in two plates with a smw space 
between them, the first of which is perforated 
with fine holes about ^ inch in diameter, and the 
second with'slots, the plates being so fixed that 
the gas issuing through the small holes impinges 
on the unperforated portion of the dotted 
plate. Two such pairs of plates are used in 
series, and these are arranged to form a ball 
(Fig. 20), which is sealed in the tar formed, 
counterbalanced by weights so that ft is free to 
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but calcium liy<iro,Hulj)hidc, and, indeed, all the 
soluble hydroHulj)lmkf<, wJien iree from poly* 
BuipliidoH, coiiii)ine very slowly, if at all, with 
earoon diBulpliido in alwonco of oxygon. Voloy 
(Chem. Soc. Trann. 1885, 47, 478) HUggostB that 
the active coinjjound ih calcium liydroxyhydro- 
Hul]>Jiidn (Ja(^^ll)(f^H). but the writ-or regards it 
OH much more proliablo that the real absoriient 
iH caleiiini cliHiiljiliuh' ('aS.^, formed from tlie 
liydroHulpliide by oxidation : 

(d 0 -daS , f- Ikd 
for althougli the jnire Hidplii<li-H and hydrosul- 
phidoH of jiolaBKnnn, Hodnnn, ammoniiini, and 
(ialcium scarcely unite with earimn disidjihide at 
tho ordinary tempnatine. tlai disulphide!- of llu' 
above metals in all eas('H coinluru* rapidly and 
completely wilJi it, forming 'pirthiorarhoiialfs, 
Hindi as Na./lS^ ((hdis. ('oMi|)t . rend Hi. 2H2; 
Yeoman, (fhimi. Soc. Trans. 1921, 119, 88). 
This sn])|U)sitioii <'\piains why some oxNgi n is 
necossary foi' earhon disidjihide absorption, as 
it is reijuiri'd to (dleet the formation ol |)oly. 
Bulphnle from thc' piimary iivdrosulphnle, wliilst 
excoHs of o.v_>geii oxidises the latter to thio¬ 
sulphate, iV’C. 

Anari from the ohjections to tin* proeesw 
already mentioned, it will be seen that Mum 
inetliod involves the conijilete removal of carlion 
dioxide from the gas, whether this is otherwise 
advisable or not, and an (H*onomieul process 
which does not. ncci^Ksitate the HimidtaneouB 
removal of Mie carbon dioxide is vm'y dtwii'able. 
Many unsuccessful iitleuijits have been made 
to (leviRc siieli a jiroeess Tims Clans (tl, Soc, 
(’hem, Jnd 1887, h, 27 : J'hig. Vats. 7585, 1880 ; 
3027, 1887) showed that a somtion o( amiuoniuin 
polysulpludc rernoNcd carbon bisulphido, and 
thiFt hivs been eonllnncd by othors, but it has 
hitherto bei'ii found that tlio alisurjitiun in not 
regular, varying from time to time for reasons 
wiilch Imve not yet i»ecn elucidated. The tirst 
action ta probably the formation of a solution 
of ammonium jiertlnoearbonato {NH 4 )_,(’S 4 . but 
this is exceedingly unstable, and readdy decoin- 
p(Mn«, giving otT t'lS^. It- is, however, capable of 
undergoing another change, viclding ammonium 
thiocyanate 

(NH4)XS,--Nii4CNS-| 2H,SfS 
and if the conditions under which thi.s change 
takfts place (luiekly and with c(5rtaitity could 
bo ascertained, and economically inaniiainod, 
this should form a cheap proccs.s for the purpose. 

The (^>opcr liming process {I'hig. I’at. 5718, 
1882), in which small quontitios of lime arc- 
added to the coal before carbonisation, altliongb 
primarily intended to increase the yield of 
ammonia, also effects a reduction m tho 
amount of carbon disulphide; but the large- 
BOale exporinients with tlic procesa made about 
thirty years ago were abandoned, chiefly on 
aooount of the deterioraCon in tho .quality of 
the coko produced. Paterson & Twycross 
(Kng. T'at. 2fi772, 1919) have introduced a 
modifiod method, whoroby a regulated amount 
of powdonnl lime is distriWted evenly over the 
Bunace of tho coal on its way to the retort, the 
powder being made to adhere by the action of 
a small jet of steam. Tho process has Ikkui at 
work for some years at the (’heltenham Gas 
Works, using about 2 per cent, of lime, and has 
not resulted in any maU^rial deterioration of 
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the coke, and has given an increased yield c 
ammonia, whilst the amount of sulphur othe 
than sulphuretted hydrogen in the gas ha 
averaged 20 grains per 100 cub. ft., as com 
jiared with more than double this amoun 
when tlic liming is omitted. 

It has also long been known that by reheatin, 
tlio gius freed from sulphuretted hydrogen t 
80()'^-850‘' the carlion disulphide is largel 
(•onvcrlcd into .‘sulphuretted hydrogen, whici 
m;iv then be removed by oxide of iron purifica 
tion. but until recently practical difficulties i: 
hii-gc-stalc w’orking pn-veiit-eil its adoptior 
(l'’or ;i lull accdunt ot those methods, sec (‘ar 
pentcr. ,1 (is.s J^igliting, 1914, 120, 928.) Th 
iii-xt siurc.s.sfiil plant ol any magnitude fo 
carryinLT out the method was that of Hall am 
I’ajist at Ihi- Oregon AVovks, IJ.S.A., where . 
])lanf was cn-eted dealing with 4,(MK).(M)0 cub. ft 
of g.'i-^ per diem, and effected an average reduc 
tion of tlic sulphur from 58 to 17 grains pe 
UK) cull ft 

As the lusult of .«cvcial years’ work th 
South ^lotropolitan (Jiwj Po., have now worke* 
out a Hiu'ccssful and economical process for th 
complete removal of the carbon disulphide froi: 
the ga.s (Icfiending on the passage of tlio ga 
heatcil to over a catalyst ((.larpenter, J 
Gas l.ighting. 1914, ]2t), 928; Evans, J. Soc 
(Ihem Ind, 19)5,9) A number of metals, sucl 
as iron, nu-kcl. cobalt, and copper may b 
employed, liut the most effective catalyst con 
sist-s of porous lirc-clay impn-gnated with niokc 
reduced from the chloride, and this is the on 
employed in practice, the carbon disulphid 
under tlio conditions named reacting with th 
liydrogon of th(‘ gas, yielding Hulphurettoi 
hydrogen and carbon: 

OSa-f2H,«2H,S+(- 

In carrying out tho process, the gas freed fron 
sul}ihuretti!d hydrogen passes first through i 
tubular lient interclianger, whorcj it is heatei 
by the hot gas coming from tho catalysing 
tubes, and thonoo to a heating chamber ii 
which are asaonibled tho vertical 0-inch tubei 
Idled with the fire-clay-nickel catalyst, main 
tained at u temperature of 420®-440°. The gas 
willi the carbon disulphide completely convertd< 
into sulphuretted hydrogen, passes through thi 
h(“at ink-rchangers, giving up a large portioi 
of its lieat to the incoming cold gas, and thenoe 
after complete cooling, to oxide of iron purifier 
for the removal of the sulphuretted hydrogen. 

Apart from tho conversion of the carboi 
disulphide into sulphuretted hydrogen an< 
small amounts of hydrocyanic acid present ink 
ammonia, no material change takes place ii 
tho composition of the gas, and its iUummatixu 
and ralurilic poworu are substantially unchanged 
The carbon dbpositod from the oarbon diaulphidi 
accumulates on tho eataiyst, and is periodioajlj 
removed by careful burning in a regulotec 
stream of air. No trouble from the ‘ poisoning 
of tho catalyst has been experienced. 

The process is now successfully at woric ai 
the different works of tho South Metropolitai 
Gas Co., the largest installation being oapnbb 
of dealing with 16,000,CKX) cub. ft. of. gM pn 
diem, and reducing the sulphur to I 

grains per 100 cub. ft. 

Guillet (J. 04B ^iighting, 1912, 118, 986; 
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pUM« the heated gM, {rood from sulphuretted 
hydrogen, over heated ferric oxide, when the 
moisture in the gas reacts with the carbon 
disulphide fonuiiig sulphuretted hydrogen aud 
carbon dioxide : 

CSj-f-2HjO=2II,S-fCO, 

the sulphuretted hydrogen formed Ix’ing ab¬ 
sorbed Dy tlie feme oxide. 

Apart from the carbon disulphide, the gas 
always contains Milphur in the form of otlier 
organic sul])iiur eonipounds amounting to 4--10 

g rains per 100 cub. ft., which have not yot 
oen successfully removed. A large proportion 
of this irremovalile Hulpliur is in the form of 
thiophen. and, in addition, inercajitaiH and alkyl 
sulmiidos have been detected. 

Removal and recovery of cyanogen com¬ 
pounds. It 1ms long h<‘en known that, criule 
coal gas contains cyanogi'n (lerivat i\((s, and that 
their ijuantily li inis lo mcreasi* wit h iiu reitMing 
earboniHing temjieraturcs. 'Pho only eomjiound 
of thin kind that has been <loteilr*(i willi eor- 
tainty in tlio gas is liydroiyanic acid, althougli 
it iH posHibU" that eyiuiogen itself may be 
present in sniaU <junntily. 'Plu‘ lotiil amount 
varies eonsiderably at diircnmt works, but with 
the tomperatures at jiresiuit mustly omuloyed, 
the amount of hydroiyanic ucid prodiiceil in the 
gas iHHuing from tlie retorts averages about 
120--1SO grams p('r l()(l mil), ft,, of which about 
one quarU*r is rmuoved in the virgin liquor 
during eondensation, jiartly as aminonium 
cyanide, l>ut chudiy as aminonium thiocyanate, 
into wlucli tlie cyanide ionned also passoN on 
storage. Smaller ainoiinlH are absorned in a 
Nimilar manner in the wa.shors and scrubbers, 
but with liigh retort tomjicraturos from 5>0-lCil) 
grains of hydrocyanic acid i>or 1(X) cub. ft. 
(equivalent to about l-4*r» llii. of crystallised 
sodium forrocyanido N’a 4 Fet!yfl,UlUsjd per ton 
of coal) usually remuin in the gas entering 
the nurifior. 

where lime alone is used for purification, the 
hydrocyanic acid is comploUdy absorbed with 
the other impurities, and convi'rted into calcium 
thiocyanate ; and where feme o.xide is used, the 

? ;reator quantity is likcwLsc absorbeid with 
ormation of insoluble iron fcrrocyanidee and 
double forrocyamdw of iron and ammonium 
(crude Prussian blue) as well os ammonium thio¬ 
cyanate. The more completo the removal of 
ammonia from the gas l>efore tlie purifiers, the 
greater is the amount converted into feiro- 
cyanide, and the smaller the production of 
tmocyanate. 

The greatly increased demand for cyanide 
following on the introduction of the McArthur- 
Forreet cyanide procoas for extraction of gold 
from the mine ^ tailings,' resulted in many 
attempts being made fur tlie utilisation of the 
oyanogen compounds in the crude gas. At first 
the spent oxide was utilised for this purpose, 
being sold to chenxical manufacturers for its 
Prussian-blue content, where this reached an 
amount of (Mi p.c. A number of processes wore 
aUo devised for the special recovery of the 
hydrocyanic acid by extracting it from the gas 
bmore the latter reached the purifier. In these 
prooeises the hydrocyanic acid is recovered 
either as (1) ferrocyanide or (2) thiocyanate. 
For the former, the gas is washed with a solution 


containing alkali and ferrous hydroxide, carbon¬ 
ate, or sulphide in suspension, which ab^rbe the 
hydrocyanic acid with production of the ferro- 
cyanidc of the alkali used, the reaction with 
ferrous sulphide and sodium carbonate, for 
example, l>cing : 

i FeS h 2 Na /;03 i (ilU'y 

-=Na,Fc(V, p H,S f 2H,0+2C0, 

Where ammonia is used u.s the alkali, os in the 
prorcsHcs of Howland (Kng. J^at. 22247, 1891), 
Bueb (Eng. Pat, tK)7r». IHDm), and Lessing (Eng. 
Pat. 2Ut)0, 19U7). the gas is tToaU^d before the 
removal of ammonia m a smlablo washer with 
a strong .solution ()f ferrous sulphate, which is 
convortcii fiivt mto ferrous sulphide and 
! ammonium suljihati' by tlie sulnhurotUid hydro- 
I gen and ammonia of the cruile gas, and then 
yields aminonium forrocyanido. The latter 
; solution is unstable, and to a large extent 
; oombines with the excess of iron present, 
yielding insolubio double forroeyanides of iron 
and ammonium, the proportion of insoluble 
I forrocyanides produced increasing with increas¬ 
ing strength of t he fernms sulphate solution used. 
The sludge ohluined. eontaming uhiefly crude 
Prussian blue, with the excess of unused ferrous 
sulphide. IS sold to eliernieal manufocturere 
for oonvorHiou' into saleable ferrocyanid© or 
' eyanidc. 

Where a fixed alkali is used (soda an<l lime 
: being the only ones available, on account of 
I price), tlie gas is treated after tlie removal of 
J ammonia in a washer fed with a mixture of 
I sodium catbonalc ami ferrous carbemate (i^ub> 
laucli. Eng. J^at. ].')If{4, 1887), or a solution of 
ferrous sulplialo with e.xeess of lime, when the 
: bulk of the hydrocyanic acid is absorbed and oon- 
vertod cliioily into the soluble sodium or calcium 
ferrocyanide, only small amounts being con¬ 
verted into mHolu’lde fciTocyanidos. The sodium 
ferrocyanide solution, after filtration from the 
excess of ferrous sulphide, &c., is directly 
evaporated and crystaliised ; the calcium ferro- 
cyanulc solution, on the other hand, is unstable 
when heated, and is preferably first converted 
into the sodium salt, by addition of the requisite 
quantity of sodium carbonate, or, if the potaa- 
sium salt is required, the calcium ferrocyanide 
solution may be t reated with potassium chloride 
solution, when the sparingly soluble calcium 
potassium ferrocyanide CaKjFeCy, is preotpi- 
tatod, and after filtration may be converted 
into a pure solution of potassium ferrocyanide 
by addition of the requisite amount of potassium 
carbonate. In the Davis-Neill process (Eng. 
Pat. 2G56H, 1901), the treatment with sodiom. 
and ferrous carbonate is carried out before the 
removal of ammonia from the gas, and the 
liquor from the washer first distill^ to recover 
ammonia. 

In all these processes, a certain amount of 
hydrocyanic acici fi converted into thiocyanate, 
the proportion formed being greater iHien 
ammonia is present, and carhmyi ferrocyanHes 
are also usually produced to some extent. 
Carbonylferrocyanic acid H,Fe(CO)Cyj may be 
r^arded os ferrocyanic acid in which I molMole 
of H€y is replaced by the radical CO, the forma¬ 
tion of these salts hoing doubtless due to the 
presence of carbon monoxide in the gas treated. 
They have little or no commercial value, and 
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oocumulatc in (bo mother liquorn, being very 
Boluble in water. 

For the roeovery of the hydrocyanic acid aa 
thiocyflnat<% according to 1-he IkitLsh ('yanide 
Co.’h |jrcK'OH.s (Kng. Tat. ItMJI), tlie gas, 

whilst Htill ootitiiitiing atninonia, is jiiissed 
through a waaficr < oiitatnitig waiter or aruriioriia- 
eal liquor, to whioli free, suipliur is {lenodieally 
added. 'I’lu* aimuouia and Hulphun'tted liydro- 
gi'H diHHolvo in Llu! \val<^r. forming ammonium 
Ku!|)hid(^, wliu h dissolve the miljihur, yielding 
aniinoruum |)oly>suIji)iide Holiilion. ami the latter 
ulisorlw tlio liydroeyanic acid, forming ammo¬ 
nium thioeyiinale So long as free hiiljiliiir is 
present, the formation of iiolyHulpInde and of 
tliiocyanate eontimies. ami a solution eun 1 k' 
obtained {‘imtaining from to o lbs of ain- 
raoniuin thiocyanate per gallon. JOxcejd for 
volatde ainmoniiiin salt.H, smii as sulpliide. 
whieli aio ex|)('lled on heating, the solution is 
comparatively pine, ami is sold for eonversioii 
into eyani<l<‘. Aceoiding to llu“ modification 
of i*. K. W'diiams (Kiig. Put.. 2dti:24. 1909). 
tiu' giLs, frei'd from tiir-fog hut containing 
aimnonia, is passed tlinuigh a jiunlier ehargiMi 
with Hjient o.xide iicli in sulphnr, the latter 
supplying the neei'SHary sulphur for the extrae- 
tiori. Water js ])erioihealiy sprayed on to the 
U])p(T surfuee of llie Hptmt oxidi' and drains to 
thn bottom of tJie puntu'Ts, and is eonvcutiMl 
duiing the passage into a eoneentrated solution 
of ntninoinuMi tliiocyanate by t/lie same hoik's 
of reactions. 

Other purlDcatlon processes. As aln^ady 
montioni'd. a porlion of |[i<> sulphuretted liydro- 
gen and carbon dio\id(‘ ts removed along with 
tho ammonia, the solution of the lattei in water 
• absorbing these aeid gasi's with formation of 
ammonium sulplndes and l ai honaU's. but the 
amount of ammonia ])resmit is nineli below that 
roqnh'od for thiMr I'ompleti* removal, .Many 
atUunpts have hoiui made to modify tho scruh- 
bing nroeess in such a iminruT as to e(T<'cl. the 
oomjilpbi removal of th('H(‘ tw(,» unpurilies. 
Hills (Kng. Pats. ];h)9, IHdS; 934, lS7d: 1890, 
1H7G) showed that wlu'ii the ammoniiu al luiuor 
iii heated to alaiut it gives otT large ijuantities 
of carbon dioxide and sulpluiretUMi liydrogen, 
but only small amounts of ammonia, t he residual 
liquor tlien containing large amounts of free 
ammonia, whiidi nmv l»‘ used for wiuslnng a 
further amount of tlu* acid gases from crude 
gas. A modification of Hiils" rnelliod has k‘en 
dosoribod by Holgate {J. (Jas Lighting, ISOo. 95, 
1133). (Mans (Kng. I’ats. iJH38 and 28(>5, 
1881; 4t)44, 1882; 5959. 1883) combined Hdis' 

f >roco88 with the continuous distillation of u 
arge amount of liquor, tho ammoma being 
returned to tho gas, so tliat tlie amount of 
ammonia in the gas in tho scrublxirs was four 
or five times that normally jiresent, and was 
enabled, on a modorat<‘ scale, to eflect in 
^8 manner a eomjdete roiftoval of tfio sub 
phurotted hydnigen and carbon dioxide from 
the gOB, doing away w'ith the nceetwity for any 
further dry purification. Hy washing also with 
a solution of ammonium polysulphido, the 
amount of hydrocj’anic acid and carbon diaul- 
phide was lai^ely i^uced. The mixed sulphur¬ 
etted hydrogen and carbon dioxide evolved from 
the heated liquor were, after ropovory of the 
ammonia present by washing with water or 
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acid, mixed witli just sufliciont air to convert 
tho sulphuretted hydrogen into sulphur and 
water, and passed through boated forrio oxide 
in tho '('lauH kiln,’ tho sulphur produced being 
condciiHcd in suitahlc cliarnlaTS. 

tlreat liojies were eiitcrtaiii»‘d as to tho 
Hueecrts of llu^ process, but-, unfurtiinatoly, tho 
practica l dilliculties of working wliich manifosted 
themselves when tho jifoim'sh was tried on a 
j larger s<alc Imvc never been ovcr<’ome. and at 
I llelfast, where the iirocess was tried for many 
' yi'iii'S. it was not found possihU* n'gularly to 
eflect ('omj)Ie(<‘ nunoval of tho sulphurotUid 
, hydrogen, and tlie loss of amimmia was very 
I eotistderable {.I. C.as Lighting, 1897. 99, 1475). 
j l^roci'Mses are at jin'si'iil-also on Inal with tho 
1 olijoef of recovering the ammonia from the gas 
ilifoet as sulphate by utilising the sulphuretted 
hydrogen of tlu' cnide gas as tlie Rouree of tho 
siiljilmne aiud. \’ariiius methods to attain this 
ciul liave been patented hv Miirkhoiser {Eng. 

; 1‘atN. 2(l!t20, 217(i3, PKIH ; 17359. 1910 ; 10172, 
j 1912), and by l'’eld (Lug. Pats. 3001, Mt09; 

I 5838. I!MI ; ir>7. 10147, i912: Zeitsch. angew. 
i (them. liU2, 705), but those processes are still 
I in tho o.vjienmontal stage, 
i Yield of gas and by-products. 'Flio volume of 
gas obtuiiiod varies nattirally to a considerable 
extent, aocording to tlio quality of the coal 
oarhomsed, to tlie conditions of earhonisation, 
ami also to tho extent to winch the furtmeo 
gases, consisting <-hiefly of nitrogen, are drawn 
irit-o tlio gas Mirough tlu* porous r(‘iorli.s. At the 
])resont day the volume of gas produced from 
a ton of coal, without- steaming the retorts^ 
meaHured moist at litrE. and 30 inclu's bar., 
u.sually falls within tho limits of 9000 and 
. 13,(KK) oub. ft, and. except in small works, or 
w’herc gas of high illuminating jiowor is pro¬ 
duced, the yield dot's not often fall below about 
n,(KM) cub. ft. From the same classes of coal, 
tho higher t-lio yield of gas tho lower is the 
illuminating power ami calontie power, but, in 
general, tlie total yu'ld of liglii rejiresentod by 
th(^ multiple of make per ton > illmninaiing. 
jKiwer, k'comos higher as the mak<‘ of gas 
incH'asi's, and (his is th<' (^ase tii a still greater 
extent with tho yield of heat units per ton of 
coal. OH tlic calorific power falls off with increas¬ 
ing gius production to a much smaller exUmt 
■ tliaii is the cas(' w’lt-li tlu' illuminating power: 
and. in view of the fact that the houting value 
of the gas is now by far tho most important 
factor, there is a constant endeavour to obtain 
as high a yield as possible. 

The confitituents present in purified coal gas 
obtained by the simple carbonisation of coal 
in more than minute quantity arc carbon dioxide, 
ethylono, benzene, oxygen, carbon monoxide, 
methane, hydnigon, and nitrogen. Their rela¬ 
tive proportion.s naturally varv’ considerably, but 
for tho most part fall witnin the following 
limits :— 

Carbon dioxide . . . 0'0-3‘0 p.c. 

Ethylene .... 2*()-4‘0 ,, 

Benzene .... 0'5-l*0 ,, 

Oxygen.00-l*5 „ 

Carbon monoxide . . . i'O-lS'O „ 

Methane .... 22*0-25 *0 ,, 
Hydrogen .... 38‘0-56‘0 „ 

, Hitn^en . . - . . 2‘0-20‘0 „ 
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The ethylono aiid benzene aro luually eetimated 
together and recorded ns ‘ unsaturated hydro- 
carbons/ no very satisfactory quick method for 
thoir Boparato (ietormination being available. 
In addition to niothnnc, the richer coal gases 
contain small amounts of ethane, wlucli i.s, 
however, also ditlicult of estimatuui m onlinary 
analyses. The nitrogen its u-Hually taken as tlie 
difforcnce Itetwcen the sum of tlie otlier c-on- 
stituents and KKl. The sp.gr of eoal gous falls 
nuwtly witliin the hnut>s 0 A an<l l) T);") (air - I). 

Tho yield of coal tar with horizontal and 
inclined retorts vane.s coinmonly from 1) lo 111 
gallons per ton of coal, averaging about iU 
gallons, or some 5 o p.c. of tlio weiglit of the 
original coiil. It.s sp gr. vaiies from about 1*IU 
to l'2r», tins dc'pendmg largely on tlie tempera¬ 
ture of earlnniisation. The higher tlie t-enijicra- 
ture to which the volalih; jsroiluctH aie e.NjioHed, 
tiio higlicr i.'3 the average carlaui percentage, 
and llu' lower the livdrogen percentage of the 
tar, and the greater tlie amount, of tlu' so-eallcd 
‘ fnw' Carlton’ fornuMi; the latter, allhougli in 
appearanci' resemltling amorphous eai bon. always 
contains liydrogen, and consists tif derivatives 
of very <-oniple\ hyilroetii bons. wliieh are 
iiifusiltic anil iiisoliibh' in (lie retimmitig tar. 
The yield of tar fioni vtTtieal retorts is higher 
and is increased bv stcaniiug, the tar being much 
thinner, and having a sji.gr. of l*U7--l ]li, ami 
only contains 41)"55 ji.e of pit< h ntsti-ad of tlie 
1)0-70 ji.c. in tar from lionztmtal retorts, and 
also only small anioiinbs of ' free carbon ' 

The atnnioniaeal iii|U(U' cotilains a ijuantily 
of ammonia calculated sulphate, equivalent 
generally (<o a yield of from 22 to IK) lbs. of (lie 
latter j»er ton of eoal, liut is usually lughor 
(up to 45 Ibs.) in continuous vei tieal retorts, and 
is considerably increased by steaming. The 
composition of ammonuyal lujiior and its , 
working up into ammonium suits, uro doseribud 
in the at tide Ammonia. 

The yield of coke averages about 14 ewis. per 
Lon of eoal, but a eon.sidurablo amount of thi.s is ; 
used for heating the retort Hotting and otiurr 
purposes on tlic works, ho that the amount ■ 
available for sale is much less than thiH, and a 
sale of 10 cwls. per ton is not often exceeded 
HaDufacture of carburetted water gas. In 
order to obtain a gas of high illuminating pou’or 
to mix with the giw from ordinary eoal, and 
increase tho illuminating power of the latt<;r, 
cannci coal was formerly used, rich Varieties of 
which give a gas of as high an inuminating 
power as 35 or even 40 candies. Owing to tho 
increasing scarcity and cost of cannci, about 
1890 recourse was hati to oil, as a Hourcc of 
rich gas, this being either carbonised in retorts 
making oil gas of 00 candle power or higher, or 
used in tho preparation of carburetted water 
as, i.r. a mixture of water gas and oil gas, which 
uring tho previous 20 years had been largely 
manuiacturod in the United States, and had, to 
a large extent, displaced coal gas. and which can 
readOy be made of 20-25 candle power. The 
carburetted water gas was adopted in a largo 
number of coses, us this plant has the advantage 
that the volume of gas produced is much greater 
than with an oil-gas plant, and the apparatus, 
storting cold, can oe put to w.ork in a very short 
time, and forms a valuable moans of quickly 
iooreasing tho supply in times of sudden groat 


I consumption, such as are brought about bv fogs 
j or very cold weather. Owing to the now almost 
I general reduction of illuminating power to a 
i quality t)ie ordinary gas coal is capable of 
; yielding, tho use of oil gas has been almost 
cnlirclv given up, hut earburettod water gas 
of a enlorifio jmwer Hiniilar to that of tho 
coal gan is made in many undertakingH to a large 
('xtent, atul iiiivim! with the coal gas before 
.*>torHge. about 10 p.c. of (lui total gas made in 
tiu' I'mteil Kingdom in 1013 coiiBiHting of this 
gius. Ah nu'ntumed abov«“, wab'r gas alone is 
now also fn'quently admixed with tho coal gas 
; in tnnnv <-a.scs 

! ’I'lie niamifactlire of water gas itself (eom- 
inonly known as ‘ blue ' water gas, owing to its 
! burning with a blue non-luminouH flamo) is 
dealt with in a separate article (see (1 AH, W ATBR), 
and will only lie considered heif. ho far as it 
com-ern.H the manufacture of tlie carburetted 
giiH l-'ig 25 hIiowh th(' general arrangement of 
I the Humplireys and filangow plant largely 
|empio\ed in (he inamifactunr. 'Fho generator 
! A IS tilled with coke, tho latter Ijcing ignit-od at 
j tlie Ijottom and raised to iiicandeHcoiice by 
bhiwiiig in air from a fan, the amount, of air 
being regulated so that the goHm corning away 
from tlio geiioi’ator contain nufficiont carbon 
monoxide to burn readily. ThcHo jinss to tho 
top of the ‘ eaibiirettor ’ r, which ih filled with 
fire-bnek checker woik, a Hceondary ntroam of 
air IxMiig inlded to the gas at t)io toj), when tho 
car boil niono.Mdo burns and raiHCH tlio fire* 
brick cliocker work to a red lioat. The gaaos 
pass away from the liottom and enter tho bottom 
of tlie ‘ Hijjierlieater ’ o. where they moot with 
more air, and tlie remaining carbon monoxide 
burns to the dioxide, an<i raises the checker 
work in t he superheater also to u rod heat. The 
waste gases escape into tho air from tho 
‘ Htack-valve ’ on the top of the superheater, 
wliieh is open during tins ojieration. When the 
coke in tho generator is suflioiently hot, and tho 
checker work in the carburettor and super¬ 
heater raised to tho required temperature, all 
throe air valvtw and the stack valve are closed,, 
and steam turned on to the generator, water 
gas being produced, wliii.h jioHsce to the top of 
the carburjittor. At this point oil is sprayed 
into the gas, and passes witn tho latter o^r the 
hot clieckcr work, and is first volatilised, the 
vapours then undergoing docomnoeition, which 
iH completed in pa^^sing through tno superheater, 
the oil being thus converted into permanent gM 
and condensible tar vapours. The stack valve 
being now closed, the mixed gas posses through a 
seal pot, H (which prevents gas returning up the 
Htana pipe when tho stack valve is open), thence 
through scrubbers filled with Ixiards and tubular 
water-cooled condensers to reduce tho gae to 
atmospheric temperature and condense tho tar 
vapours ^nd oxcoss^f steam from the gas. As 
the formation of water gas takes place with 
absorption of heat, the temperatufe of the coke 
m the generator Htcadily falls, and eventually 
reaches a point at which tho amount of oarbon 
dioxide produced becomes excessive, and the 
steam is then shut off, tho oil having been also 
shut off from the carburettor a short time 
previously ; the generator air valve is then 
again opened, and also the secondary air^valvee 
and stack valve, and the coko and oheckef 
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work raioed to a Huitablo temperature aa 
before, thin period of workitig being known 
aw the ‘ blow.' When this in otfected, the 
air and wtaek vulvos are uuam closed, steam 
and oil turneti on, and carliurotted water gas ■ 
made fur a further jxjriod, known aa the 
‘run,’ until the Ic'injiurature in tho generator 
again falls loo low, when aUiani and oil are again 
shut otT and llu^ blow riHoinmcnced. 'J’his 
sequence of iqieratiOHs is tlien iiiaintamcd <'on- 
tinuously, cxeepl during the intervals ncccsHary 
for adding fresn i:okci to the generator, and for 
removing tlii^ elinker produced from tho ash of 
the coke. Tlie piuiodn adiijitcrl f<jr tho lengtli 
of the blow ami run vary soniowhat according 
to the natuie of tlic coke and the available air 


pressure, a blow and run of 3 and 5 minutes and 
of 4 and 7 minutes being frermently adopted. 
The steam supply must bo regufat-od so os not to 
allow a large excess of undeeomposod steam to 
pass tlie fuel bed, as in that ease a nigh percentage 
; of carbon dioxide is formed. 'Plio checker work 
; temperatures required vary with the class of oil 
1 useef, the best results being obtained at somo- 
; what difTerent temperatures with different oils, 
as well os with the (juantity of oil used per 
KKX) eub. ft. of gas nuule ; an average tempera¬ 
ture of working is about 750 '. 

Tlio Oil enijiloved is mostly that fraction of 
petroleum lying between the bhrning oils and 
tlie lubricating oils, freciuontly termed ‘solar' 
oil, which can bo obtained at tho lowest price. 
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This is iieated before introduction into the 
carburettor by passing through a coil in tho 
gas main over which hot gas is iiossing. Tho 
amount of oil used depends ujion the quality of 
gas which is desired, and is regulated according 
to tho roquiromente in this respoet. 

As the gas production is intermittent, a 
balancing rmervoir is required for the gas if tins 
IB to bo passed through the purifiers at a uniform 
rate, tor this purjiose a'roliof gas holder is 
placed at theeoudonscr outlet inU) whicli tlio gas 
paasce intermittently as mode, and is drawn from 
it continuously by an exbaaster and forced 
forward to the purifiers. The gas is purified 
from tar fog and sulphuretted hydrogen, and 
from carbon dioxide, if necessary, by the same 
methods as adopted with coal gas. Usually 
oep^te purifiem are employod lor this gas, tho 
purified streams u! ooal gas and oarburettod 


water gas mixing together at the outlet of their 
respective meters before reaching tho holders, 
but in some cases the crude carburetted water 
gas is mixed with the coal gas before the 
purifiers, and tho mixed stream purified in the 
same boxes. 

Tho only by-product obtained in tho manu¬ 
facture, other than spent oxide or spent lime 
from tho purifiers, is the oil tar, no ammonia 
being produced in the process. Tho oil tar is a 
comparatively thin oil of sp.gr. 1-0-1'06, con¬ 
sisting maimy of aromatic nydrocarbonB. It 
only contains about 30-35 p.c. of pitch, and 
scarcely any ' free carbon,' tho solid matter 
found in it consisting chiefly of fine ooko ash 
carried over from the generator with the stream 
t>f water gas. It is mostly sold to distillen, bat 
is sometimes used ‘as fuel, and also for washing 
the crude coal gas to remove naphthalenOi w 




m 


GAS, COAL. 

which it normally contains only small amuuntA. tho carbon dioxide is removed. Tho quantity 
Sometimes the tar separates as an emulsion of oil tar produced amounts to 12-16 p.o. of 
with water, from which tho latter only soparatos the oil used. 

with groat difficulty. (Wburetted water gas contains tho same 

The amount of coko employed in llu* manu- comtituonts as coal gas, but their relative 
facturo, including that used for raining steani, auiuuiitM differ considerably, the poroontagos of 
amounts to from 40 to .W llxs. per URK> cub. ft. (-’arbon monoxide and ethylene being higher, 
made, whilst tiic conKum[)tion of oil vui ios con- and those of hydrogen and methane lower; it 
siderably, according to the quality of gns re- only contains .small amounts of sulphur com* 
quirod. With good working oacli gallon of od j pounds other than sulplum'tted hydrogen, 
of good quality us<*d jicr HHXt cub. ft. will | J’lie followiiig anaiysoK of coal gas, carbur* 
givo an iltumiuatuig jiower of candh's if i etted water gas, and of a lui.vod gas containing 
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about 20 p.c. of tlie latter, are fairly tyjiieal 
for gaaoe of relatively high calorihc power, and 
show the general character of the <tifforonce : — 
Garb, water Mixed 
Ckial gua gas gas 

Carbon dioxide . .1-2 .‘1*8 I ti 

Bthylene and benzene 3*2 Il'4 4'1 
Oxygen . .0-4 0 2* 0-5 

Carbon monoxide . 91 310 12-2 

Methane . . . 30*2 15 0 28-1 

Hydrogen , . 48-6 32-0 4() 2 

Nitrogen . .7-4 57 7*3 

Carburctt^l water gas usually contains small 
amounts of ethane as well os methane. 

The sp.gr. of carburotted water gas is imich 
higher than that of coal gas of tho same illuminat 
mg power, owing especially to its smaller per* 
centage of hydrogen. It varies coii.si<lcraL)ly, 
aoooroung to percontaec of oil gas in it, but 
usually j^s witlun the limits of 0 0 an<l U'75 
(air»l). 

Haftiarement, storage, and distribotion of the 

fas. The gas, leaving the purifiers, passes to the 
etation metem in which ito volume is measured, 
And thence to the gae holden, where it is stored 
resdy for distribution as required. The meters 


employed arc lusuaily wet metei'H, similar to , 
tlmse uHcd aw cotisumcrH’ mcterB, but of very 
mucli larger size. Tlie temperature of tho gas 
passing and the height of the barometer is noted, 
and the volume recorded by the meter corrected 
to standard temporaturo and presHure, which is, 
however, not tho 0° and 7(10 mm. barometer 
oraployecl for scientific iiurjioscs, but that of the 
gas at (lO'^F. and 30 inches bar. saturated with 
moisture, this being ajiproximately the average 
condition of tho ga.s when sold to consumers, 
whose jiayinont is made by volume. 

Tho gas holders (Fig. 2H), consistiim of a 
largo l)oll with suitable guide framing floating 
ill a tank of water, are often of very large 
size, the larg(»it being capable of holding about 
15,()(X),(X)y cub, ft. ^In order to reduce Che 
noi^cesary depth of the tank, the boll is usually 
constructed m a number of lifts which slide into 
each other in a somewhat similar manner to 
the. cylinders of a telescopo. The weight of the 
holder keeps the gas within it under a p rc eenre 
equivalent geiiertuly to the weight of a water 
rcolumo of 4-10 inches, according to the weight 
and diameter of the holder. 

In order to control the pressure of the gas fa 
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the maim iii the dintriot of 8uj»nly, a governor 
ifl fixed between tlie holder .and tne tnmK nminfl, 
whereby the jji-osMurc in the distribution mains 
is reduced to tliat inoj-t .suitable, after which it 
is automatically nmintanied iit that pressure. 
Fig. 27 givcis a flec tion of a governor in frequent 
use. Tlui gas, entering in the direction shown 
by the arrows, imiHt, in order to reach the outlet, 
])a.s.s through a di'vioe foriHisting of a liollow 
vortical cylinder elosed at tlw to]i and having a 
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number of slots eut in the vortical side, the width 
of which incroasw towards the top of tlie 
cylimler. The top of this cylinder is eonnocted 
by a rod witli the bell above, and is capable of 
moving freely uji and down witli tliis bell wliieh 
is Boolcxi in wator. Whon^water is ajlow'od to 
run into tlio annular chambcir in the bell, the 
latter increases in weight, and with the attaclied 
cylindrical device sinks, increasing the size of 
the openings througli wliicli the gas can pass, 
and by adjustment of the amount of water the 
desiivd pre.saim' at the outlet can bo obtained. 
U, then, owing to increased consumption, tlio 
pressure of the gas in the outlet main falls, 
this lessened pressure is transmitted to the bell, 
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which, under the atinosplieric pressure, falls, 
increasing the size of the gas openings, allowing 
more gas to pass and restoring the pressure in 
the nutlet mam. If the consumption decreases 
and pro^Hsure increases, the bell rises and reduces 
the size of tlic gas openings, urtd in this manner 
the pressure once set rornain.s constant. When 
I it i.s dcsiicd to alter the jiressurc m the outlet 
I main to allow' for the periods of higher or lower 
(;oii.siimj)tion on l.h<‘ distnct. water is cither 
addcid to or run off fioni I he annular chamber in 
the bell. 

Fnniu'Hy the holders gave more pressure 
than W'as reijuired on tiie district, but at the 
priisent tunc, owing }.<» tlu' gutter consumption 
and the Inglicr jircssurcs which are required for 
the cjlicicnt working of incaiidcvscent burners, 
giis lire.s, and gas cngmc.s. it fnHpK'ntly liappens, 
<'sf)ccially in large works, that t)ic pressure 
given ])y (he snialle.r holdei-s and the upjier 
lifts of the largi'i oiu'.s is insufhcient. Jn such 
<-iise.s tlu' ga-s is <lrawn fiorn the bolder by means 
of fans, and forei-d forward at liighor pressure 
t o t he woi’ks govi'rnor, or earned into the district 
by separate liigli-prt‘s.suie mains, tlie gas from 
which IS jmsseii into tiie ordinary di-stril^tioii 
miiin.s at suitablo points for maintaimng good 
and uniform pressure throughout the area of 
supjdy. 

Determinaiion of calorific power. Several 
calorimeters are m use for this purpose, all of 
winch are in prmeijile ident.ical with the form 
propos(!d ])y Hartley (J. (las Ligliting, J884, 
1142), tlm ga.s being burned at a constant rate 
, in a ehambor through whieli water also flows at 
a constant rale. Tlie in.strument in most fre¬ 
quent use in uU parts of the world is tlm Junkers’ 
ealorimotcr, a section of which ih given in Fig. 28. 
'riio gas, after jiassing through a governor and 
muter, is burned in a largo Bunsen burner, Tc, in 
tlio (’(mtrnl portion of an annular copper chamber, 
tlie annular space of which is traversed by a 
largo number of copper Lubes down which the 
jiTodtiets of combustion pass and escape into 
tlm atmasphero by the side 0 ])ening F, which ie 
provided with a damper regulating the amount 
of air passing througli the apparatus. The 
watci* of a tcmjieratun' clo.sely approximating 
^to that of the normal is run int.o the upper 
small resorvtnr a, jirovided with an outlet 
proper to the calorimeter, and a constant level 
overilow B. the rate at which tlu; water enters 
being mamtainod above tliat passing through 
the ualonmcler, the excess jiassing away by 
the overflow, thus maintaining .a constant head 
of water. The water flows down, post the 
regulating cock and inlet thermometer, to the 
bottom of the annular chamber, and flows 
upwards to the top around the tubes conveying 
the products of combustion in the reverse 
direction, and cools the latter to the temperature 
of the incoming water. The water loaves tlio 
annular chamber at the top and poasee through 
a series of baffle plates to ensure thorough 
mixing, over the outlet thermometer to the over¬ 
flow funnel c. The water condensed from the 
gas collects at the bottom of the annular chamber 
and flows out tlirough a small tube into a collect¬ 
ing cylinder. 

y The gas and water supplies ore adjusted so 
that the difiereneo in the readings of the inlet 
i and outlet water Ihorpiometers is 10°-15°, and 
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when equilibrium is attained and the condensed 
wator is also dripping regularly from the small 
tube, D, at the bottom of the calorimeter, the 
water from the calorirnoter is diverted into a 
collecting vessel as the meter hand passes a 
point which is noted, and a small measuring 



cylinder placed to collect Lhe eojuioiisod water. 
Frequent readings of tlie nilot and outlet 
thormometors are made, until a sunieiont 
amount of water has Ix^on collected (frofri 2 to 5 
litres are mostly taken); to concludo the test, 
the gas may be shut off when the collecting 
vessel is filled to a delinite point, or tho water 
may be diverted from the ineasunng vessel as 
the motor hand posses a noted point. The 
volume of gas is takem from tho motor readings 
and corrected to that of tho moist gas at 60®F. 
and 30 inches bar., the weight'of water passed 
determined by measurement or by weighing, 
and the average increase in temperature of the 
water found from the readings taken during tho 
tost. The calorific power of 1 cub. ft. of the gas, 
expressed in large calorijw, is equal to : 

weight of water in kilos. X temperature C.° 
volume of gas consumed 
In this country the value is usually expressed 
in British thermal units, i.e. the amount of heat 
required to raise 1 lb. of water 1°F., each calorie 
being equal to 3*908 B.Th.U., and to obtain the 
result in these units tho number of calories 
found must be multiplied by that factor. 

The oalorific value thus obtained includes 
tile latent heat evolved by the condensation of 
the steam produood by the combustion of the 


hydrogen contained in the gas, and is termed 
the gross calorific power, in almost all the 
practical applications of gas, the products of 
combustion pose away at temperature above 
which the condeasation of tho steam occurs, so 
that tIuH latent heat cannot bo utilised either 
for the production of high temperature in the 
flame of the burning gas, or for development of 
power in the cybmlcr of a gas engine. A de¬ 
duction of tins amount of latent heat is there¬ 
fore made fi'om the gross calorilic power, the 
dilTerenco, excluding tliis heat, being termed the 
n<i calorific jitiwor. Tho amount of such latent 
heat is oacortainod by collecting tho condensed 
water whicli flows from tho calorimeter during 
tho a larger volume of gas than that 

required for the determination of the gross 
valuo being burned for this determination 
(about 1 cull. ft.). Eacdi c.c. of water evolves, 
in condensation, 0 f)3() cal., and tho amount to bo 
dcdiKjlcd is fouinl by multiplying 0*530 by tho 
numlx^r of c.c. of eoiKhmsed water per cub. foot 
of gas burned. 'I’ho usual practice is, however, to 
deduct 0 () cal, for each c.c. of condensed water, 
lids repres('ntmg not only tho latent heat, but 
also the H(ms]l)lc heat lost by the condensed 
stoatn in cooling from KXr to atmospheric 
teinjioratiiro. ana the ‘ net ’ figuros then ob¬ 
tained are ratluir lower than tho true net valuo, 
winch has to be employed in thormodynamio 
cahudalioiLs. 
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The Boys calorimeter, prescribed by the 
i Metropolitan Gas Referees, is shown in a^ioo 
I in Fig. 29. The base & carries the pair of 
' union jet burners B, which are supplied mth the 
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gtu to be Uwted through u governor and meter ; 
the calorimeter veeMoI proper i), after lighting 
the gas, iti then ])lueod in ])04ition over the tlame, 
and recto on throe ccntoring and lifting plates c, 
leaving a space through which the air required 
for coinbuHtion cntorn. 1'ho jiroducto pass up 
the copjicr chitnney and thonco into tho annular 
SDuco ootwoi'ii till! ciiimnoy and tlic outer side 
of tlie caluriineter vcHH(‘t. 'I’lua annular space is 
divided into two portions by a brattict; of thin 
Miioet brass lilled with non-conducting inatiTial 
such us cork-dust, whu li causcH the combustion 
jiroducto to jiasH iirst ilown tlie inner portion of 
tho annular space, an<l thou up on the outer 
side to tho top, wlici'c tiiev oscujie into tin; 
atmosjihero through hoh's bored in tho wooden 
top. A tube of eopper, to tin* outoido of wiiieii 
is sweated a lielix of cojjper wire, giving it a 
largo conducting surface, ih led in a sj)iral, 
lirst from top to bottom of tlie outer iinnulur 
chamber, then around the iiotiom below tln' 
brattice, and linally n[) liie umer annulai' 
chamber. Tho wati'r is led over tho inlet 
thnrmomoter through this tube, [lassing lirst 
through tho outer annular ehambor, then along 
the bottom, into wlneli water is placi'd before 
eonimenemg a test, and uji tiio iinuu' annular 
ehfiinber, and in its travel alworbs tlx' iioat of 
tho products of eombustion. liefore reaching 
the outlet thormoineter, tlie wator passes throngli 
the central tompeiutUR'-equalising elianibor. 

The general inetliod of working is similar to 
Uiut of tlie Junkers calonmet-iM'. Tull details of 
eonstnietion and working being given m the 
ulheial notilication of tin' lleferees (Wyman 
and Kens. 

Witii botli these toiins of I'lilonnioter, an 
apjiroeiablii error is mtroducod inf o the delornii- 
nation of the gross viiliii*, if the air siijqilv to tlte 
calorimeter is not at least PO (i.e saturated witli 
inoiMtui'o, iniwmueli as the waste gases, whieli 
always leave the ealorhnetor in a saturated 
cotidition. then ('arry away with them a portion 
of the steam formed by the combustion of the 
gas without its undergoing condenHation, and 
tlio latent heat of this portion of tlie steam is 
therefore not included. A correction should 
tlierofore bo made on this account (Met. (las 
llofei-ces Notification). 

The Simmanee-Ahady ‘ total-heat' calori- 
motdf, made by A, Wright ami Co., Ltd., is a 
incHiifioation of tlie original Hurtloy ealormiotcr 
made by tl»‘ saim* tinii, and in gonoral method 
of working closely i-csomblcs the Junkers’ 
oalorimct’Cr. It differs from it onpocially in that 
tho water overflow from the upper constant level 
ehambor of tho apparatus acts os an injector, 
and forre.ti through tho calorimeter the niH-esHary 
volume of air for the eombustion of tiio gas. 
In this manner it is automatically ensurod that 
water, air, and waste gases are ail at very nearly 
the same temperature, and also that tho air 
pMsing through the calorinaeter is saturated 
with moisture, thus obviating any necoosity for 
ooiTootion in the latter rcsjxict. 

Recording calorimotera, aueii as those of 
Beazley and Simmanee-Abady, giving a con- 
tinouB record of tho calorific power of gas, are 
also largely in use. (For details of the necessary 
precautions to obtain accurate roaulte in gas 
colorimetry, ^se J. Gas Lighting, 1908,104, 004 ; j 
Coste, J. fcjoc. Chem. Ind. 1909, 28, 12^1.) I 
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lUlRnlluUlng power. The statutory methods 
: of determination of tho illuminating power of 
i coal gas, when burned in open fiamoe, have 
I been described fully in former editions, but in 
’ view of the abandonuiont of this teat for 
i statutory jiurposes, and its replacement by a 
I calorific jiowcr test, ami tho small importance 
now attaching to Huch tesln in praetico, tho 
description is omitted here; for information 
on the matter rcfcreii' C may be made to former 
('ditious or to the Ofiicial Notification of tho 
Metropolitan Gas Referees for the years 1010- 
1018. 

I'holometric observations are, however, still 
required in eunnoction with coal gas where it is 
used for illumination, sucli as in tlio Uotormina- 
lion of the illuminating power of incandescent 
burners, tho amount of light omitted by the 
ditterent burnerB at varying angles, and the 
actual illumination of inchior and outdoor 
f^urfaces. Space will not allow of the con- 
NKleration hero of the ncces.sanly somowhat 
complicated apparatus required for tliose 
applications. 

Whilst the most luimu'taiit properly of gas 
is its calorific power, which is, in fact, its total 
potential energy, expressod in heal unite, it 
miiBl be rumoinborud that tiiis is not tho only 
factor to bo considered. The ctficiency of tho 
a]iparatu,s m which the gas is used depends, in a 
large number of cases, not only on the total 
amount of licat liberated, but also on the 
toiiiperature and other properties of the flame 
prouuceil. 'Pho ])rosenee of largo quantities of 
I inert incombustible gases, sueli as nitrogen and 
I carbon dioxide, lowers tho flame temperature 
I at a greater rate than it does the calorific [lOwer, 
and although their presence in coal gas cannot 
I bo altogether avoided, it is desirable tliat their 
! amount sliould be kept as low os possible 
i eousislcntly with oeunoniical working in other 
1 I’l'spects. Further, the average flame tempera- 
turo in burners of the Bunsen type, by which 
most of the gtvs made is now eonaumoa, varies 
greatly according to the volume of primary air 
diawn into the gas before combustion by tho 
iiijectmj^ action of tho gas jet issuing from tho 
burner nozzle, as the most suitable proportion 
j depends upon tho composition of tho gas, and 
j the actual amount of air drawn in varies accord- 
I ing to both the pressure and the sp.gr. of tho 
gas; if, therefore, an apparatus is set to pive 
tho greatest zilficiency unW certain conditions 
of pressure, composition, and ap.gr. of the gas, 
this clhoiency will not bo maintained if the gas 
supply undorgoofl considerable variations in any 
or all of these points.. Further, the efficiency 
J of many kinds of gaa apparatus—for example, tho 
i ineaiidoscont mantle, and tho columnar radiants 
; of gas fires—depends, to a very largo extent, on 
j the exact fitting of thcRc into the hottest part 
I of tlie flame, and variations of the above con¬ 
ditions tend to alter the shajie of tho flame and 
often thereby very materially reduce the 
elhoiency of tuo apparatus. 

Whilst there is very considerable difference 
' of irpinion botii within and without the gas 
industry with regard to tho most suitable 
calorific power for a public supply under present 
conditions, having regauxi to tne greatly vuying 
purposes for whi^ it is now employea, there ia 
general agreement thatt whatever the actoal 
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calorific power fixed on may be, both this and the i 
volume of air roq^uired for combustion of unit { 
volume of gas, its preesure and its ap.gr. should ; 
bo then maintained as regular as possible, and : 
that, from the consumer's point of view, bettor I 
results ensue from a supply of fairly uniform, i 
although lower average, calorific power, with i 
reasonable constancy of prosBurc, air require- i 
ment, and sp.gi., than with gaa of coiisulerably 
higher calorific power, but subject to much 
greater fluctuations in tlu^c respects. Whilst 
it is not practicable to obtain exact uniformity 
of calorihc power, composition, and sp.gr., or 
of pressure inroughout a large district of supply, 
except at a cost whicli would bo proinbilive, it 
is 01 the greatest importance for ail concerned j 
that this end should be aimed at so far as it can : 
be effected with reasonable economy. 

Sulphuretted hydrogen. All gas suppliod 
for public use must by law be free from sul¬ 
phuretted hydrogen. According to tiio stipula¬ 
tions of tho (las Works Clauses Act, the gas, 
when passed for 3 minutes over bibulous 
paper nnustciKHl with lead acetate s«iluiion 
at the rate of 5 cub. ft. per hour, shall not 
darken tho papci’, owing to the, formation of 
load sulphide. Ah tlic formation of a brown 
stain in this maniior is an exceedingly delicate 
test for sulphuretted hydrogen, this moans that 


for all practical purposes the gas passing tho 
test is free from that impuritv. 

Determination of total sulphur. The official 
method for estimation of the total sulphur 
present in jmrified gas is that prescribed by the 
Metropolitan Gas Keforcos, which is illustrated 
in b’ig. 30. Tho gas, if it is also to bo tested for 
Hulphurettod hydrogen and ammonia, is passed 
lirsl over tost papi^rs made by soaking blotting 
i pajior in a 10 ]).c. solution of lead acetate, and 
exposing such slips, whilst damp, to an atmo* 
sjthero containing ammonia, and then over a 
cylinder filled witli gla^s beads or broken glass, 
moistened with a known volume of standard 
Hulphune acid, to remove ammonia. It is then 
burned in a Hinall UunHcii burner at tiic rate of 
0'5-0’7 eul). ft. p(‘r hour until 10 cub. ft. have 
passed, tlie llamc being surrounded by lumps 


Fig. 30. 


of commercial ammonium carbonate. The i 
products of combustion, together with ammonia, I 
pass by moans of tho trum])ot tube into the glass 
cylinders provided with a tubulus at the bottom 
for connecting with the trumjiot tube ; the upper 
portion of the cylinder is filled up with glass 
marbles, and from the toj) a wide bent-glass 
tube is led, which acts as a ehmiiiey and final 
condenser. A small tube drawn out to a jet 
conveys the condensed products to a flask or 
beaker placed on a shelf below. Tho sulphur 
dioxide formed by the combustion of the 
sulphur condenses in presence of the moisture, 
excess of oxygon and ammonia forming a 
solution of ammonium sulphate, and when the 
required amount of gas has boon burned, the 
cylinder is washed out with water, and the 
sulphur present in tho liquor estimated us barium 
sulphate in the usual manner, tho amount being 
calculated as grains of sulphur per 100 feet. 
This method tends to give slightly low results, 
as the sulphurous acid primanly fonned is not 
always completely oxidised to sulphuric acid, 
and esoapes precipitation with barium chloride, 
on which account many prefer a previous 
treatment of the solution with bromine, or 
precipitation with nitric acid and barium 


nitrate. Tho sulphur estimation may also bo 
made by aspirating tho products of combustion, 
through wash bottles containing sodium hypo- 
bromite solution, and subsequent precipitation 
of barium sulphate, or tlmough neutral hydrogen 

{ leroxide, the sulphuric acid produced in *he 
attor case being determined by titration with 
standard alkali. 

Employment of coal gas. At the present 
time, coal gas is employed for a very great and 
increasing diversity of purposes. Whereas 
during tho first 50-70 yoare of the existence of 
tho industry its employment was almost entirely 
employed for illumination by burning it in 
open-flame buriiorH of various kinds, the 
proportion of the gas now burned in this 
manner has become very small. Where gas is 
employed for illumination now, as is still 
largely the ease, tho light is obtained by the 
much more efficient mcandeseont burner. 

In those lost, tho development of light is 
obtained by raising to incandescence a mantle 
composed essentially of thoria, to which about 
1 p.c. of ceria has boon added. The manu- 
faoture of these mantles is dealt with in a 
separate article (see Gas mavtlsS). In order 
to raise such mantles to incandescence, t^e 
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uaa i» burned in a iion-Iuniinous flame uf the 
Bunson typo, l)y mixing with the gas a certain 
proportion of primary air Iwforo it undergoes 
combustion, w)i(!n it hums with tlie well-known 
iion-luniinous lUuiu’, having a deliniU^ two-coned 
structure. 

VVinht the act ual cauhos of the iiigh develop- 
niont of light from hucIi a mantlt; are still a 
matter of disjnite, tln-re is nu (jueHtion that tin; 
amount of light «onitt«Hl mercaaes greatly witli 
the tiunjK'ratiirc to whicli tlui nianlh' is raised, 
in ordi'r, therefore, to olitain tlur highest 
practical ellieieney w'lUi such bunuo's, the gas 
must be burned in such a manner as to pnxhas* 
a llamo of high tmnjicrat uro, and this must also 
have such a sliajie that the mantle is Hiluated 
in the. zone of highest l-^•m])et•atu^e. 

The effect of the intioduetion of the juirnary 
air to the gas before <oriilmstion is that' m tin' 
flame the ga.s rn-st. undeigocs c(*nihustion with 
the liiiuted aniounl of oxygen prixsent in it. 
yielding a nii.xture of steam, carbon (lio-xide, 
liyilrogiui, and eaihou m(infi.Nul<‘, togidlim' willi 
tlie nitrogen of the added air, this leaetion taking 
]daee in tlie area visible as the ‘ intiei cone,’ all 
hydroearlioiiH completely disappearing from the 
gas, provided the amount of o.\yg('n in the ini.Ncd 
goK undergoing eomliiisimn is rather more than 
half tlnit reijunvd for its romnlete oxidation. 
This nii.Nture of ‘ water gaa ’ and nitrogen forms 
the ‘ outer vone' of the flame, which has itself 
been rais(‘d t-o a vi'ry high temperature by tlie 
roaetioiiH oeeurnng m the inner eone, and tho 
hydrogen and earhon monoxide then burn whore 
the air is in eontaet witli tlie outer eone. fmther 
increiVMing t-he temperature at this surface, and 
the relative shajie of flame and mantle should 
h(' so arranged tiiati tho latter oeeupien lus 
nearly as jiohniIiIo the zone in wliieh this linal 
oxidation is taking plaee, 

Tho higher the jiroportion of jirimary air 
added, the smuller is the size' of the flame, and 
OMpecially of tlie innoi' cone, and tlie higher the 
average Umuierature of tlu^ flame, tho higliest 
eflicieney ot an lncan(lei^eent burmu' biung 
obtained when the amount of primary air 
• added is eipial to that theoret ically required for 
tho eompk'to comhustion of tho gas. Under 
ordinary eomiitions of gas supply, however, tins 
condition cannot he ohlained, as a mixture of gas 
wifli tho full amount, of air is higiily (‘.vploHi\o- 
and tho explosion wave travels back from the 
flame at a velocity grv'ater than that of tho 
advancing mi-vture of gases, and the burner 
* firew back,' the gas then igniting at the injector 
nozzle. Undi'r ordinary eonditiou.s, it is not 
practicable to admit aa primary air more 
than about two-fifths to four-fifths of tlie total 
amount required for conijileto combustion. On 
tho other liand, if tho proportion of primary air 
ailmitted is too low. the hydroearhons of the 
gae arc not completely converted into water gas 
in tho inner cone, some hydioearbona passing to 
the outer cone, in which case, apart from the 
lower tomperaturo of the flame jiroduced, carbon 
may be deposited on tho mantle, wdiich becomoa 
blackened, and its light omission thereby greatly 
reduced. 

The ]>roportion of primary air drawn in 
through the air holea of tho burner depends, 
not only on tho construction tho latter, but 
^0 to a very large extent on tho pressure of 
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tho gas and its specific gravity. The higher tho 
pressure of the gas, and the lower its specific 
gravity, tho smaller is tho opening which is 
neoes-sary for the passage of the required amount 
of gain, and tlio higher its velocity, and it is 
largely the latter factor which determines the 
amount of air sucked in through the air liolca. 
On tin.s account tho pre.ssure at which tho gas 
iiiiLst now he Hujipliud is much higher than 
wius nec-esHary for flat-flame burners, and should 
be eijual to that of a water column at least 
2 iiicIk's in height ; witli lower pressures, 
especially with luglu r qualities of gas, it is much 
more dillieult to get a well-aerated flame, and 
to avoid the deposition of carbon on the 
mantles. 

With the iipriglit incandescent burners, first 
introduct'd and still largely in use, the flamo 
burns from tlie top of the burner. The central 
jiortioii of the burruT head is stilicl, so that tho 
llanu! jiroduced is annular, tlu^ cmitral closed 
jiorliori having a socket, in which is placed the 
firo clay eruteh siqipoiting the mantle, and the 
<anmilar space I'ovcred wit h wiio gauze or Himdar 
device to jinn-ent Mlasiniig back.’ To obtain 
a gcxxl efficfi'iiey, tin' size of lilii' gas nozzle and 
air liok's of t.lie burner must be adjusted so that, 
under tlio average iiressure existing at the 
burner, a wi'll-acraled flunu' is ]>roduced, having 
only a small inner cone, and of such a .sisc that 
tlie mantie. when put on, lio.s fully in tho zone 
of highest temperature. Wiien adjusted to give 
the best results, an cfhcieney of 2C>-‘iO oandlos 
per cub. ft', of gas having a calorifiv? power 
of bliO H.'rii.U. can be obtained, although, as 
the mantle ages, this tends to fall off, largely 
owing to alterations in shape of tlie maiitlo, 
wliicii cause portions of it to oceujiy positions 
of lower I'omperatuie in tho flame. Periodic 
cleaning of tho burner is 'also iioeessary, as tlie 
dust in the air drawn in tends to sottlc on the 
gius nozzle and on the wire gauze of the burner 
head, and results in kws air being drawn in and 
the production of an under-aerated flame of 
lower temperature. 

In the inverted ineandcseent burner, wliieh 
is now largely replacing the upright burner, the 
flame is directed downwards, tlio mouth of 
the burner being in this case fully open, and tho 
mantle supported from above on a ring of fire- 
it«i8ting material attached to tho burner, this 
form possessing the great advantage that no 
sliadow.s two thrown on the suriaecs below, 
which arc m mast cases those which it is specially 
vlesirod to illuminate. The proper adjustment of 
gas and air supplies, and a suflicient gas pressure, 
as well as tho periodic cleaning of the burners 
from dust, is equally necessary with tho inverted 
form, but when working under the most favour¬ 
able conditions, those are more offieient than tho 
upright buniers, over 40 candles per cub. ft. 
of 540 B.Th.U. ga« at moderate proasuros. 

By considerably increasing the pressure at 
which tho gas is supplied, namely, to one equal to 
a column of about 55 inches of water or higher, 
much higher efficiencies arc obtained, both with 
the upright and with the inverted burners. With 
the increased pressure, tho velocity at which 
the gas can be made to issue from the injector 
nozzle is so increased, that the full amount of 
air necessary for its combustion can be drawn 
in through the air holes, and the piixturo forced 
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with much higher velocity through the burner, 
so that the tendency of tho flame to flosli back 
through tho highly explosive mixture can bo 
controlled, and a flaino of very high tcnipcraturo 
produced, re-sulting in a much greater light 
einiHsion from tho mantle on which the flame 
acts. With such Iiigli-j)rossurc luirnerH, eflici- 
enciea of as high as 70 candles piT cul). ft, are 
obtained. High-pressure instanalioiis are now 
very largely adopti^d for outsuh' lighting of the 
lublic streets and yards, and also for interior 
ighting in workshojjs and largi' jniblic buildings, 
Hpociai plant being usually enu ted for comjuvss- 
ing the gaa for <‘acli installation, or m some large 
towns a Special Ingli-juessurc main is laid from 
tho works or soim^ central point’ for tli(‘ su])plv 
ot gae under such higher pressure where it is 
required. 

Although verv large quantities of coal gas 
arc consumed for illumination purpost's in 
inoande-seent biirruu’s. a still larger proportion 
of tlio ga« output IS now employed for other 
)urp(»U!S, till) most, imjiortant uses being for 
mating with gas fires, eooking by gas. and for 
jiowcr production in gas-engines. Ii* industrial 
dintriets especially steadily increasing quantities 
are employed for very diverse jiurposes, including 
gas furnaces for' metal melting, annealing, gus- 
tirod kilns, ^e. For many of the.se jnirposes, 
as with the incandescent burner, better ellieiency 
can frequemtly be obtained by the use of gas 
under much liighor pressui-i' than that at which 
it is normally .su]>]»lied. and suil alile comj»res.sing 
plant is frequently installed at imlividua! works 
for this purpose, or. in some cases where high- 
prossurc gas is required by a large nnmbi'r of 
consumers in a limited area, special liigh- 
preasuro mums are laid m that distrii-t by the 
gas undertaking, who then carry out. the corn- 
pression. Ib'cvious to tlic outbreak of tho war, 
rapid increase in the amount used for all piir- 
poscfi was taking place, especially in mdiistnal 
districts, and although tlio abnormal condit ions 
since then have lessaiied tin* reipiirements in 
many cases, in other districts largely engaged on 
war indu8irie.8, the demand increased to an 
extent which could not bo fully met at the time. 
Jt is confidently anticijiated that wlien new 
post-war ‘ normal * conditions are reached, and 
it is possible to provide increii.scd manufacturing 
and distribution plant, a further largi* develop¬ 
ment in the emjiloyment of gas for tl c.^e and for 
fresh purposes will take place. H. G. C. 

GAS, DOWSON, r. Gas. Watkii. 

GAS, GENERATOR, v. Gas, Watxr. 

GAS MANTLES. The discovery, by Golds¬ 
worthy Gurney, in 182(). that a piece of dense 
lime held in the oxy-hydrogen blowpipe flame, 
gave rise to intense inoandesceneo, may be taken 
as the starting-point of the uilitsation of this 
phenomenon for the generation of light, as 
Gurney’s discovery was soon aftorwai'ds em¬ 
ployed in practice by Hrumniond, wlio utilised 
the light whilst making a survey of Ireland ; 
hence it was often known by his name, but is 
now more frequently called the oxy-hydrogen 
or lime*light. 

The amount of heat neces.sary to raise a sub¬ 
stance to the temperature needed for incan- 
doaoeuce deponds largely upon the aizo of the 
mass to be heated, os the larger it is the more 
win radiation and conduction tend t>o prevent 


the temperature of ineandescenco being attained, 
and when, soon after the discovery of the lime 
light, it was attempted to utilise incandescence 
for public lighting in Haris, the lime eyliudcr 
was rcphu'cd by small buttons of zircon’ia and 
magnesia, wlneli, being more resistant to atmo- 
splioru- influences than tho lime cylmdera, and 
being far smaller, huslod for a longer period and 
could more oiusily be raised to the required 
temperature 

In this exjierimoiit, oxy-coal-giw burners 
wore employed us tlie healing medium, but the 
expense soon led to its abandonment. In IK.'l.'i 
'I’albot n(*tued that when a piece ef blotting 
paper wiis (lij)peil m a Hohition of a lime salt and 
was tiicii inciiicnited in a sjurit lamp, tlie ash 
winch was h'fl. consisting eiii<diy ol lime, was so 
finely divided that the beat of a Hjiirit-lamp 
liaiiH* Mas siitlicient t(i raise* it. to high incan¬ 
descence. 

'riiese early experiments poinh'd merely to 
tin* fact tliat if a rr'fractory material like linio 
could be oljtained in a Hutheiently coherent and 
finely dividr'd eomlitnm. a modr-rately hot flame 
would niise it to a temprTature at which it 
would become usefully incandcMeent, 

In IH4S (hllartl, in atteinjiting to utilise 
water gius for lighting as well «.s lieating purpoaes, 
made a mantle of lino platinum wire, which, 
lioated to incandescence in tho tiamo, answered 
its purpose and emilt-ral light for a short period, 
wliilst in 18811 tho Fahueiijelni comb (Kig. 1) was 
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introduced for developing ligiit from a flat 
water-gas flame. It consisted of lino rods of 
magnesia in a inelRl setting, which was fixed 
at tho requisite height above a flat-flame burner 
consuming water gas, and from it a light of 
about 4^ candles per cub. ft. of gas consumed 
could be obtained. 

Up to the middle of last century, the flame 
of water gas or of alcohol vapour were the only 
ones that could havo been used to incandesce 
finely divided refractory material, owing to the 
deposition of carbon from any luminous flame, 
but tho introduction by Bunaon of the atmo¬ 
spheric burner in the early fifties rendered coal 
goa available for all heating purposes, and made 
the mantle a practical possibility. 

About 1883 C'lamond introduced a form of 
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mantle, con‘iiHtiiig of a <'onUittl hfinkcl of threads 
of calcined inagncHiti. which waa supported j 
with its apex downwards in a small platinuni , 
ii flame of eoal gjw and air Ixiing driven | 
down up(Mi it under pressure. It was not, 
liow<wor, until a yi'ar later that Dr. Auer von : 
Welsbacii, working in Runsen’s laboratory at , 
Ifoidcllx!!); 111)011 the rare earths, notiecd tliat 
tlie oxides of some of f lio rare raotals had a 
wonflorful power of ligld (uniHsivity wiicn incan- 
deseont, and, following up this eluc. made the 
brilliant scirios of diseovcriiNS wliieh gave ihi' 

, world the imandcisciuit, mantle. 

T1hw(‘ dtseoveries look place in Ihree- distinct 
•stages. In liis work piior to he discuverecl 
tlie fact tiiat if a cotton fabrii; be saturatcil with 
a solution of the nitrates of the rare earths, and 
be llioM carefully iiKinerated, an ivsli is left 
which is an (ixact Hiimilaerum of the original 
fabric, although the burning out of the cellulose 
reduces it to about onc-thiid of it-s foimer size', 
Ro that by making a cotton shawe about, three 
timofl the size of tho Runsen flamo it. was in¬ 
tended to fit., salinating it in a solution id l.he 
nitrat<*H of the metals of whitdi he napiired the 
oxides, and llieii carefully burning it efl over ii 
blowpijie flame, he could olitain a mant'lc which 
would fit tlu* outer zone of tho Runsen flanu', 
and, being tliere heated to ineand(*iiii'enee. would 
emit a useful amount of light.. 

His first jiatent, taken out in IhHn. covered 
this jiart (d -his mvontion, and specitics the 
mixtures (d oxides, which lie gives as ; 

(10 p.c. of zirconia, or oxide of zirconium. 

20 p.c. (d oxidc! of lanthanum. 

20 p.u. of oxide (d yttrium. 

This last oxide may be omitted, and the 
proportionfl may bo: 

50 p,o of oxido of zirconium. 

50 p.c. of oxide of lanthanum. 

Jn place of the oxidc of yttrium, yttorile earth 
may bo used, wliilsf. oorite eartli containing no 
didymiiim ami but little cerium may be cm- 
ployed 1o replace t he oxirlc of lantliammi. 

Those first inanth's were a eommorcial 
failure, as they gave a light ver^ lif.tlc m excess 
of that yielded by the (Ilanumd basket, and 
they wore so fragile in character that tlioy wore 
unable to withstand the slightest shock. 

The amount of light yielded by tho.se mantlc-s 
varied from 3 to (> candles jier cub. ft. of gas 
consumed, but it wa-s excejitional to moot with 
the higher value. Using the purer materials 
now obtainable, however, mantles made accord¬ 
ing to the formula of the 1885 patent give the 
following results ;— 


of tho illuminating power, ro that no uniformity 
in results could bo expected, besides which the 
mixtures of oxides used were continually being 
varied in liopiw of obtaining better results. 

In 188(> the second Wolsbaoh patent ap- 
2 >oarod. This covered tho use of thoria either 
])(:r or mixed with oxides of other rare metals, 
and it is clear lliat at this period Welsbach 
imagined tiiat the oxide of thorium alone had a 
very high power of liglit emissivity, but, as a 
fact, a mantle made of jiurc thoria emits practi¬ 
cally no light, and the amount of light obtain¬ 
able wa.s lino to traces of ceria, which had not 
licen (diniinated from the thorium salt in its 
preparation from thorite and ocangito. 

Later on. Welsbacli discovered this fact, and 
also found that the addition to thoria of traces 
of ceria (‘iidowod it with the wonderful power of 
emitting light ^lossessod by tho modem mantle, 
and Mr. Moeller, of the Welsbacli Uompany, took 
out a patent in ICngland in 1893, in which he 
protoclod t.he use of thoria in combination witli 
very Hiniill traces, not exceeding 1 or 2 p.c,, of 
oxides of other rare metals, amongst which was 
eiM’iiiin. it wa.s only at tliis date that the 
imamlc.'iecnt mantle hegiin to ho a commercial 
siK'ccsfl, and in sjiite of the tlioubands of expori- 
moiits which have since been made, no mixture 
ol oxulos Inw boon discovered which will give a 
light comjiarablc with that yielded by the mix¬ 
ture of 99 ]).c. thoria witli 1 p.e. eoria, which is 
now universally used in nuiiitle manufacture. 

'riio oxides which (‘an bo used In making an 
im'andwcent inanth* arc limited in nuinber, 
owing to the fact that they must be able to 
resist atmospheric inilucnccs, must bo sufliciently 
Tofraetory to withstand the temperature of the 
(lame for a very long period, and must not be 
liable to excessive shrinkage during the burning 
off of the cotton fabric. 

1'he oxides in tho following table are those 
which most nearly fulfil such requirements, and 
the light given by mantles made from the 
oommoreial as well a.s froijg tho carefully purihed 
salts shows the vast differences that traces of 
impurity make in their power of emitting light;— 


Light emitted per Cubic Foot of Gas by 
Various Oxides. 


Metallic oxides : 


Com- 
Fore meroiol 

Zirconia . 


. 1'6 

31 

Thoria- 
Earth metals: 


. 0-6 

no 

Corite earths | 

Ceria 

Lanthana . 

. 0-4 

00 

60 

Y tfcorite earths 

(Yttria 

t^Erbia 

! 0-« 

3'2 

1-7 


Gas 

Composition of mantle coiiBUined 
P.c. cub. It. 

I. 

Zirconia 50 «> 

Lanthana 20 5'4 

Yttria 20 


Illuininathig power. 

Total Candles j 
candles i>ero,ub.ft, ! 


120 2-4 


II. 

Zirconia 5U\ . 

Lanthana 50 1 


0-4 1-7 j 


The lower candle power obtained with mantles 
made of the purer salte points to the fact that 
impurities of the oomponndfi at fint em- 
' endowed the older mantles with much 


rt _iv (Chromium oxide 0*4 

Common 

Alkaline earth metals: 

Baryta ..... 3*3 
Strontia . . . . .6*2 

Magnesia . . . .5*0 


0*4 

0*6 

3*3 

6*6 

6*0 


If those oxidee be examined for shrinkage, 
duration, and strength, it is found that only 
three of them, zirconia, alumina, and thoria. are 
suitable as the basis ol the mantle, and even 
with these three, zirconia in the hotteet put Of 
the flame is liable to considerable uia r^d 
shrinkage, whilst trith ahnniaa tfiere h a«o 
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alow volatilisation, so that tho life of tho mantlo 
is gradually ahortened by the slow wasting away 
of tho threads of the mantle structure. The 
nitrate of thorium, unlike tliose of the other 
earths, has tJie ])roperty of adsorbing from 
1 to 1'2 p.c. of thorium sulphate, and when a 
fabric of vegetable fibre saturated with a solu¬ 
tion of thorium nitrate containing from I'5 to 2 
p.c. of sulphate is burned, tho dooomposition, 
towards tho end of the operation, of this sulphate 
results in a minimum of shrinkage and gives to i 
the oxide skeleton a spongy character, which j 
permits of its being readily shaped and its finer | 
particles rapidly fritted by a high-temporaturo ! 
blowpipe flame, leaving a mantle of regular form, ! 
comparative rigidity, and very large radiating 
surface. The oxide is refractory under the heat i 
of an atmospheric burner for a much longer ! 
time than any otlier known. 

Tho porous mass resulting from the ineinoni- 
tion of the nitrate containing a small proportion 
of sulphate occupies more than ten tinitw the , 
volume of tho, original nitrate, 'rhis means i 
that the resulting mass is of a spongy clmnieter, ; 
containing an enormous number of little air i 
cells, which must render it an excellent non- : 
conductor of boat. A mantle made of ])urc ; 
thoria gives practically no light, but if successive j 
small additionB of coria be made to it, the lightr | 
omitted gradually increases until a ratio of 09 | 
p.c. thoria to 1 of eeria is reached, when the ■ 
maximum illuminating effect is obtained, Tho ; 
light dimmishcH with further additions of ccria i 
till, with 10 p 0. of cena in the mixture, tho j 
mantlo once more gives practically no illutnina- ; 
tion. No expansion tak(« place during the , 
conversion of the cerium nitrate into oxide, the | 
latter occupying about tlie same amount of i 
space as the original nitrato^ hence in tho mantle, 
although the ratio of thoria to ceria is as 99 to 1 ; 
by weight, yet by volume it is as 999 to 1. 

In the commercial manufacture of mantles, i 
ft ootton fabric was first employed knitted in the j 
form of hose, the diameter of which was con- ^ 
trolled by the number of needles on the knitting 
machine, which varied from 70 to 90, tho size 
generally used being knitted by a SS-needlo 
machine, giving to the finished fabric a diameter 
of 21 inohes. The resultant hose is cut into 
Buitaolo lengths, and one end turned over and 
Bewn with thread to form the head of the mantle 
(which after impregnation and drying is drawn 
together with asbeetos thread to form the top 
and a loop for suspension). These lengths are 
then saturated with tho impg^gnating solution. 
This consists of a solution (approximately 30-35 
p.c. by weight of solids) of the nitrate of thorium 
with 1 p.o. of cerium in water, there being added 
thorium sulphate, and from 0*7 to 1*5 p.c. of 
nitrates of other metals, c.g. magnesium, alumi¬ 
nium, calcium, gluoinum, zirconium, yttrium, 
whose function is either to increase the porosity 
of or facilitate the fritting of the sKeleton. 
One suitable formula is 1 1^. thorium nitrate, 
10 grams cerium nitrate, 2 grams magnesium, 
1 gram c^oium, 7 grams glucinum nitrates, in 
-2 ulos of water. The mant^ then pass through 
roUeih, wMoh are under pressure in order to 
squBsee out the excess of solution, leaving the 
fabric rotaiaing the quantity that will give a 
aalitfaietcHiy sfeeleidn of oxi^ after incinera* 
liofiti and. Ih& quantity may be taken as 0'7 


gram on the rough or 0 5 gram on the finisbod 
mantle after trimming. The soaked lengths are 
next stretched upon ^ass or papier m&ch6 forms 
in a drying chamber, the temperature of which 
is maintained between 80” and 90”F. (27° to 
32”C.). Tlie head of tho mantle is treated 
with a solution of magnesium, aliiminium, and 
other nitrates, tho object being to strengthen 
this part, which is tho most liable to breakage. 
They are again dried, sown with asbestos thread 
and ‘ raoulded ‘ by stretching on a wooden 
mould in order to givo thorn the necessary shape 
for tho next operation, that of ^‘burning on.'* 
This is done upon suitable blowpipe burners 
supplied with gas nr air under proRsuro, which 
gives a flame of a very high temperature, and 
these are mounted in such a way that either tho 


Fio. 2. — CoTTOK Mantle before bubninq orr. 


burner or the mantle can be raised or lowered 
at the will of the operator, so that the flame 
oan be made to play on every part, until the 
whole of tho mantle has boon shaped and 
hardened, leaving a Bkeloton of oxides formed 
by the decomposition of the nitrates of the salts 
employed. Tnis skeleton is carefully dipped in 
a solution of collodion, an average formula for 
this solution being: 

4 p.c. collodion . 20*0 parts 

Ether . . • 18-3 „ 

Castor oil . . 0'9fi ,« 

Camphor . . I'fl „ 


the two latter ingrodienta being added to prevent 
over-oontraction on drying. After dipping, the 
mantles are dried in steam-heated air or vacuum 


ovens to allow the solvents to evaporate, aad 
they are then trimmed and packdd. 

As soon as thesincandesoont mantle beoune 
a sucows, many attempts were made to evade 
the WeUbaoh patents, and the most Buooesafol 
of these consisted in impregnating a solution of 
nitrocellulose in ether and alcohol with tho^ 
nitrates of thorium and cerium, and squirti^] 
the mixture out through minute orifices in the' 
same way that artificial collodion silk is medn 
These filaments were then woven into 
hose, and the collodion basis was denlknt^^lg 
soaking in an alkaline sulphide, and after mtjgHm 
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and drying, the mantle was mado from it by the 
8ftmo process a.s wit.li impregnated cotton. It 
was fffund that iiuinth"* made in this way wore 
distinidly .siijxwior to i he cotton mantles, both 
in life arid light cmissivity. this being due to the 
difforonco of the structure of th<! thoria-eeria 


\ 







Fro. 3 .—Aftkii buhnino oi f. 


in ramie fibre, which lias now almost entirely 
replaced cotton for mantle manufacture. 

The ramie fibn! is produced from a plant of 
the nettle class, Bodimnin tcnacis.vvia, and when 



rasiduo, which is shown in the photoraicro- _ Cotton aftkk BruMNc otF. 

graphs, from wliich it is seen that the cotton ^ 

(Figs. 2 U.* T)) gives a chwelv twisted rope of j freed from its glutinous coating can be woven 
minute fibres, whilst the colhjclion (Figs. 0 and 7) ’ mlo a beautiful silk-likc material, and when the 
gives a bundle of separato fihuricii'tft without ! panne thread is knitted, impri'gnated, and matlo 
oxcensivo twist or 1 into mantlos, the structure ih seen to far more 





li^o. 4.— Cotton before burning off. Fio. 0 .—Collodion bbfoeb dubnino off. 

The advantacce of the collodion mantle nearly approach that of the collodion than of 
were, however, discounted by the cost, which the cotton fabric (Figs. 8 and 9). 
was much higher than that of the cotton fabric, A mantle with a basis of collodion fibre is 
and attempts wore made to find a substitute for again coming into favour, particularly in con* 
cotton which would give the samo results as the noction with lighting , bv hi^h-prwure gas. 
collodion at a cheaper price, and this was found Artificial silk made by the Viscose proeeas is 
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impregnated in a nitrate solution, the nitrate Up to 1900, all the mantles used wore of the 
converted into hydrate by treatment with am- uprignt type, supported in the atmospheric 
monia, ammonium sulphide, hydrogen peroxide, burner llame by a central rod of magnesia or un 
&o., and the fabric incinerated in the ordinary outside iron support from which tht^ mantle was 
way. suspended, but owing to tho sliglitly conical 

shape of the mantle, tho maxiniuin light was 
thrown at an angh^ a few degrees above the 
liorizoiital, wdiilst the shadow of the fitting was 
thrown on tlu' surfaees imiuediatoly below the 
burner. In cnder to ovtTeoino this trouble, the 
, idea was introduced by Kent, in 1897, of making 
: an atinospliene burner with a hmg mixing tube, 
tlu< end <jf wineli was turned downwards and 
tim flain(' Jiiade to liurn in an inverted mantle. 
It was not, liow'ever, until after 1900 that flie 
introduction of tlie present forms of inverted 
burner and mantle pojiularised tlio idea, which 
ruis many udvantagefl in districts where the gas 
is supplied at a jirossurc of not less than j{|tli8, 
2 inches of water presaure. 



■(u,, 'Ar ■ I I ' P i. 's 
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Flo. 7.—(lOLLOl)lON AFTER BURNING OFF. 

Tlircads of this material are thin, strong, and 
capable of heavier impregnation than either 
cotton or ramie threads. Artificial fibre also 


Artificial fibre also 




Fio. 8.—Rahie before burning off. 

poeaeases the advantage of uniformity of com- 
poeitioD, diameter, and other physical properties, 
aad gives a mantle which is more durable, is a 
more constant light producer, and does not 
undeivo shrinkage. 

Vi%T TTT_/r 


Fio. 9.—Ramie after burning off. 

j With the inverted mantle, tho maximum 
! light is throw'n downwards at an angle of 45’^ 

I below the horizontal, whilst there is no shadow, 
i and the mantle, being fixed to a fire-clay nng 
I which ia suspended from lugs on the burner tube, 

; is far less likely to be injured by vibration than 
is tho case with the upright mantle, which needs 
I an anti-vibrator on the burner if used for str^t 
' lighting where there is heavy traffic, whilst the 
: slight preheating of tho gas and air supply, Mid 
tho fact that tho flame is not hurried away from 
the mau^e as in ths case of tho upright burner, 
bring the duty of tho mantle up to 25 to 30 
candles per cub. ft. of gas consumed. 

In making the inverted montle, the same 
methods are employed as with the upright, 
except that tho bottom of the fabric is sewn up, 
after impregnating, squeezing, and drying, with, 
a thread of the same impregnated material, and 
tho top of the hose is bound on to the fire-clay 
supporting ring with asbestos thread before 
burning off and shaping. 

2 A 
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The burners used with the earliest upright 
inoandoscent mantles were small Bunsens of the 
ordinary tyjic, with a tube about 4 inches in 
length, littod with a gallery to carry a chimney 
and a head sl.ampod out of thin sheet metw. 
This niadc a very long fitting whiish proved an 
objection in many imisoh whore flat-flame or 
argarid burners liad been employed, the rt«ult 
being that the burner tube was shortened, and 
the head carrying tfio gallery, whieli fitted over 
it, was made so tliat it but slightly inorcofU'd 
the length. 

Much ingenuity was expended in devising 
smtuble burners for use with th»i iipnglit mantle, 
the chief aim being to ensure a hot steady flame 
of the right shape with thorough admixture of 
the air ajid gas before eomhusbion. Soiiio of 
those humor heads consislod of open cireujar 
slots, others of tlal- gauzes discs witli a smalJ 
baffle in the ceiitni, whiNt otlicTS w<‘r<‘ jirovided 
with gauz(' domes and steatito or cut metal to|*. 
All thaso difleront vanoties, however, sufhu'eii 
from the defect i»f uml<T-ueratiou of the gas 
before eornbiisLion, so that a chimney was rc- 
qu^d in order to create' an iiji-druugiit and to 
britg a supnly of air from outsido the mantle; in 
contact with the Inirniug gius on its surface. 

It tlmso Imrners wm-e used without a ohimnoy, 
tlio unburiit gas from Mm inner zone had to 
travel a short distance from the surface of the 
mantle through which it was jiassing li(‘foi‘P it 
obtruinod Mm adtJitlonul air nccossary for its 
complete combustion, with the result* Miul the 
layer of highest temperature was outside the 
mantle, whieh was not in oonsoqueueo raised to 
the highest degree of inoandoseeimp. When a 
ehimney was used, however, the current of air 
created by it burnt the gas on the surface of 
the mantle itself, and the best rcHults wore 
obtained. Burners of this class still form tiio 
majority of tliosn emjiloyed with upright 
mantles, ami a chimney is* a nocossity in all 
burners in whii;}i less tlian one-half the total 
volume of air mM3ded for tlie complete com¬ 
bustion of the gas is drawn in, and with a 14- or 
HC-candlo jiowor gas, a (i-incli I'himney is 
generally Hulhcifmt to supply the ncc(WHarv air. 
whilst with ji rich ga.s a longer chimney iy 
required. 

A seriems trouble with manth; lighting lias 
been the carbonisation of tlic mantle, wliieli 
oommenc' 0 .s with a slight sootv dejiosit at one 
spot, and then ranidly grows over the surface 
of the mantle, reducing tlio light emitted and 
floon destroying the mantle. ! 

When the flame is under-aerated and eon- 
ta^js a ratio of leas than 2'2 volumes of air to 
1 of gaa, some methane escapes eombuBtion in 
the inner zone of tlie flame, and bums with tlio 
carbon monoxide and hydrogen in the cuter 
flame, and it is this whieli causes the trouble. 

On replacing the ordinal^ tube of if Bunseu 
burner with one made of platinum, if the ratio 
of gas and air be so arranged as to give a blue 
uon-luminous flame, on heating the platinum 
tube the flame becomes luminous, although itet 
to such an extent as would have been obtained 
from the original gaa. If the tube be allowed 
to oool down, tlio flame again becomes non- 
luminous, showing that the'luminosity is due 
to restoration of heat to the flame and not to 
any alteration in the composition of the gas. 


But with a Bunsen burning with a green inni 
cone, luminosity cannot be produced by heatii 
the mixture of gas and air. On now taking a 
ordinary Bunsen with a brass tube, and surrouni 
ing the blue non-iuminous flame with aplatinui 
gauze cylinder ho arranged that the sides of tl 
flunio heat it to a high temperature, the top < 
the flame will become luminou-s, owing to tl 
platinum superheating the fl&mo gases from tk 
inner cone and (^au-sing them to decompose wit 
.separaMon of particlos of carbon. The sam 
rosult is olitHinod with an ordinary mantle ope 
at the top, and it is to this cause tliat the deposi 
tion of carbon on t he mantle is duo. 

Mantle burnci’s in wliich rogorioration ha 
l)ccn attiompted liave also boon tried, but th 
fact Mial. tbe air or gas can be heated separate! 
and Mien utilised to give a very hot flame, doe 
not. ap])iy to the mixture of Mm two to an- 
gnaiter (“Xtent tlian is found in the invertei 
Imrru'r. as, when a mixture of air and gas i 
heated, oxidation of tlie gas conunencas, am 
tho los.s <d' eciinbiistiblc matter due to tliis cau8< 
outweighs the advantages of prolieating. 

Real imjirovemcnty in the Inirncrs cm 
ployed for iiiantio Jicatuig .started in th( 
early ninetiuH, when Chemin and Bandsepi 
begun working at Mie idea of adding air tc 
the gas in small portions so as to gain a mon 
Jiitimate mixture of Mie two before combustion 
and it was the porfoeting ol this idea in the Kerr 
burner whieli gavt; the best, (iliimneyless biiniei 


in use. 

In tins burner, the g?iH insuck from tho usual 
injector into a suction tube, consisting of two 
C 011 C 8 u!iit.ed at llioir suniniits, which incroases 
tho proportion of air drawn in with tho gas, and 
the mixture then passos into an enlarged head, 
whore baffling devices ensure thorough mixing, 
and the burner to]; is so constructed that the 
flame of the burning gas is thrown against the 
mantle, yielding a higher duty than with an 
ordinary burner and chimney. 

Tho shari) edge of this burner resulted, 
however, in the inantJes having a comparatively 
short life, and it ih being replaced very largely 
lor public lighting by inverted systems. 

Tho visible duty obtained from the inoan- 
deaoent mantle depends largely upon the pree- 
sure at which tho gas is supplied, and now that 
its use has become universaX no gaa undertaking 
should, in -their own interest, supply gas to 
eonsumern at lees than 2 inches (ft) preeaure, 
and when centres of high illuminating value are 
needed to oompoto -with arc lighting tor outside 
work and largo buildings, tho light which can be 
obtained from a mantle can be enormously 
increased by the use of highjjrossure lighting, 
such as the Keith, Sugg, Solas, and other 
systems, in which either the gas or air is 
placed under greater pressure than tho ordinary,, 
so that by using what are practically blowpipes, 
a much larger volume of gas is consumod in a 
given space, and from^O to ^ candle* light 
obtained per cubic foot of gas consumed. 

The quality of the gas has a certain influence 
on the light given by the mantle, but not as 
much as is generally supposed. If an ordinary 
burner and mantle ^ tested first with Id-candle 
gas, then with 15, and finally with 14-candle 
power gas, it is often found that it gives a better 
light with the 15 than'^ho 16, and a fortoer 
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improTejnent with the I4-candl6 gas. This, how- : 
ever, is dependent upon the fact that the burner ; 
is drawing in less than the neoessary amount of I 
air to give the best conditions of combustion in i 
the inner zone, and that the right degree of 
aeration is being more an^ more nearly ap¬ 
proached with the poorer When care is 

taken to ensure the correct ratio of air and gas 
consumed in each case, it is found that for 
qualities of gas between 14 and 18 candle power, 
there is a gain of about 3 p.c. in the light omittod 
by the mantle for each candle-illuininating 
power in the gas. 

Seldom in tlio industrial history of tlie 
world hoe any one invention wrought such 
altorations in a great manufacture as has been 
the COHO with the incandescent mantle, which, 
being perfected just at the time when electricity 
was threatening the supniiiiaev of gas as an illu- 
ininant, entirely revolutionised the gas industry. 

Before the iiitioduetion of the manth». the 
usual quality of llie gas supjilied was what was 
known as Ib'CamUe power, and tlui light obtained 
from it by the ooasumcr was anything from 
7 to 8 candles per ouh. ft. with regenerative 
burners, down to less than I candlo per cub ft. 
•with small ilat-fbirne burners, wliilst witli the 
incandeacont mantle from 14 to liO candles per 
cnb. ft. can be obtained. 

I.IQHT RMTTTKT) PER (UTilir FoOT OP Ki-CANOI.R 

(Jas oonhumki) pku Horn 


Burners C&iuUe units 

Incandofluent (high-jiros'wre inverted) . 35 to bO 
(high-pressure upright) . 30 ,, 35 
,, (ordinary invertod) . 20 ,, 25 

„ (ordinary upright) . 14 ,, 22 

Regenerative . . . . 7 ,, 10 

Standard argand .... 3*20 

Ordinary argand ... 2*00 

Union jet flat flame, No. 7 . . 2*44 

.0 . . 2-15 . 

.5 . .1-87 

„ .. 4 . . 1-74 

„ ., ..3 . . 1-03 

. 2 . . 1-22 

,, .. i . . 0-85 

„ 0 . . 0-59 


When W^baoh made the first thoria 
mantles, thorium salts were obtainable only in 
very small quantities, and from such minerals 
as thorite and orangito, but with the demand, 
now souruofl of supply were found in many 
dirocbioiiH, notably the immense deposits of 
monazite discovered in Travancoro (S. India) 
in 1900, and during the tkst few years, although 
the amount of thorium nitrate used has more 
than dou bled, there appears no fear of a shortage 
haruporing the mantle industry. 

Many theories have been brought forward 
to explain the wondorful light-giving power of 
the mixture of 99 p.c. thoria and I p.c. ceria, 
but none of tliem explains lioth tho facts, 
tliat tlio maximum light is obtained only in 
the oxtroiuo outer layer of tho Bunsen flame, 
where both air and combustible gases are present, 
and that it- is only with 1 p.c. of ceria in tho 
mixture that it is obtained, a mantle of pure 
tlioria or pure ceria giving practic^ally no light. 

The probable explanation is that in the 
mantle, the thoria, being in a porous condition, 
is a good non-conductor, and owing to this, to 
iLh low specific heat and low power of radiating 
heat, it can bo raised to the temperature of the 
llanie ; ceria, on the other hand, has a wondenul 
power of radiation, jui shown by F6ry, and has 
also a catalylii^ action upon mixtures of com¬ 
bustible gases and oxygen, but its radiation is 
so great that it cannot be heated in a Bunsen 
flame to tho temperature necesKary to give light. 

When ceria is added to thoria, tho light 
emitted by the mantle increast's until I p.c. by 
weight, or ()‘l p.c. by volume, is present, boeauae 
tho ceria is so insulated by the excess of thoria 
that it is not only brought up to the temperature 
of tho flame, but by its catalytic power tends to 
locus the combustion of the extremely attenuated 
flame gases upon the widely distributed oeria 
particles, and so raises them to a far higher 
temporaturo than the mantle, a temperature, 
however, which cannot bo dotooted by the 
thermo-couple, which givf« only the average 
lomperature of the mass with which it is in 
contact, and fails to show tho temperature of 
tho U'l p.c. of ceria. Addition of more ceria to 
the mixture causes such a rapid cooling of both 
mantle and flame by radiation, that tho light at 


It was also soon found that, in practice, a 
much poorer gas gavi» as good or better results 
with most inoandescont mantle burners, and 
with the general adoption of tho mantle, the 
candle power of the gas supply has boon lowered 
in nearly every largo town in England. 

At the present time (1921), the normal annual 
mantle consumption of the world approximates 
to: 


Great Britain 

. 60,000,000 

America 

. 80,000,000 

Germany 

. 90,000,000 

France 

, 20,000,000 

Italy .... 

. 3,000,000 

Belpum . * . 

6,000,000 

Australia and New Zealaiul 

6,000,000 

Russia ^ . . . 

3,000,000 

India * ... 

. 2,600,000 

Egypt‘ . . . 

1,000,000 

Scandinavia ^ 

2,600,000 


* A. luVB iBopoitloB in conjunction with biKh-pres- 

Mie dt lainiN. 


I once begins to fall; and by tho time 10 p.o. of 
I ceria ia in the mixture, tho mantle gives no more 
I light than a thoria mantle, but a much increaBe<l 
I heat radiation. 

Tho analogy between the luminescence of 
j thorium-cerium mixtures when heated (the 
; maximum value being at 1 p.o. ceria, mixtures 
; with 10 p.c. ceria and over being non-luminous), 
and the phosphorescence of mixtures of pstrs 
of rare earths (say A and B), under the bombard¬ 
ment of cathode rays (where with pure A and 
more than 20 p.c. B there is no phoaphorescenoc^ 
which, however, roaches a maximum with 
0‘5 to l*p.c. of BJ^ is interesting {set Urbain, 

! Ann. Chim. Phye. 1909, [viii.] 18, 222-376; 

! Bruninghaus, ihid. 1910, {viii.] 20, 519-640; 

I 21. 210-283). 

j *The work of Le Chatelier, Nernst, Schmidt, 
; and others, shows that the thoria-ceria mixtore 
gives light rays rich in blue, green, and yellow, 
but poor in red, so that the proportion of enezsy 
radiated as light at the temperature of me 
mantle is higli. . C. S. Q. 
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GAS, OIL. Kvon before tho introduction of 
coal gas, it had ln>en found that oil could be 
docompoaod at a Uunjieraturo n littlo below 
1000" with tlio formation of gas of high illumi¬ 
nating power, and when coal gas had overcome 
tho ]jrejudue evistiiig against it m tlio early 
yeara of its inccjition, several attomjita were 
rnad(! to utilise oil instead of coal for the pro¬ 
duction of illinninaiiTig gas, but with no eoni- 
mereial hucco-sh, owing t<i the juice of the oil. 

As early as 18ir> a jiatent wiis granted to John 
Taylor for an ajijuiratus for th(‘ (le.eomjiosit-ion 
of oils, which is inleresting as Ixung of iniiel) the 
same tyjie as those still emjiloved ; whilst in 
181!) (jordim and Jleanl look out u jialent for 
eoinpressmg oil gas, anil it was in the li(|uid 
separated during eonijiression of t.his gas that 
Ji'afaday discovered and isolated lienziuie 

After this jM-rind, oil gas ajijieaix to hiivc 
been but little usimI until in 1871. when it began 
to be enifiloyed for tlie Iigliluig of railway 
carriages on tlie (lontiiieiit in place of oil lantjis, 
and it was from this that the linn of .luluis 
Ihntsch built up their aysleni of railway-carriage | 
lighting, winch soon sjiread throughout Kurojie 
and to JCnglaiid and Ainenea, and at a slightly 
later rlate oil gas began to be enijiJoyed for 
liglit'ing emiiitry Iniuses and sriuill villagi^s 
wlieui the consiiinjition ol coal gas was not 
suttieinnily great lo allow the erecLion of eoab 
gas works. 

ll' was also largi'ly adopted, in the eoni- 


OIL. 

pressed condition, for the lighting of buow and 
for other purposes where the portabifity of 
cylinders containing it under compression fitted 
it for special uses in spite of its cost. 

The oils now used for the production of gaa 
arc generally the blue or green shale oils, al- 
though slightly belter results inav be obtained 
from tho Kiiswian so-ealled ‘ solar distillate,’ 
which IS {ibtained by subjecting the residues of 
Jiu.HHian oil, left after tlie lamp-oil fractions have 
liecn driven olT, to further dwtillation. 

8ueh oils bi'giti to dix'onipose with evolution 
of gas at a little under 500", and tlie elTeet of the 
l(’mjieialur(r of thi* retort- on the jiroduets i.s 
shown in the f'dlowing table ^ 

< )il used Russian ' distillate oil' 

Speeifie gravity 0‘8(>4 
I'dash-jiDirf^ 149'h", —()5°(1. . 

Temperaturi' of retort fiOO'^ 700 ’ 900° 1000° 

(’iibic fiict of gas jier 

gallon . , .12 00 72 84 

Rerceritage of resiiliialfl 5!)-| 22’7 12‘7 11‘8 
illuminating power, 

randies j)CT cub ft., 548 .70 7 57’] 42'2 
'Die gas contains, ji c : 

Unsaturated hydro¬ 
carbons . ■ . . JO i.'i no’55 22-04 

Satiiraled livdro-oar- 

bons .■ . . 42’41 49-45 49-45 r4'8n 

Hydrogen . . i;i'58 0-2(i 11'8» 21-54 

Acetylene . . 0-052 0 084 U’llS 0’4(i 


DtsTiLMNu Points ok tiiI'; JIesidujsr from Russian ‘ Distiij.atk Oir,,’ KXCRKs.sKf) in 
I'HucKNTAnus OK OuTOTNAi. UustDri:. Tkmp 


Tfliiipcratiiii* 

Iixr 

ilO'- 


,12.') . 

Ill)'- 12.')’- 

140"- 

j.r)(j - 

Ksir - 

L7(l"- 


um- 


riusli- 

no 

120" 

' 127'' 

lliO 

140 

iriO" 

iwr 

170" 

18(1 

lOO' 

lion 

8p (zr. 

IKjnt 

Original oil 

, 


_ 

_ 

... 

_ 

_ 

_ 

! 


1-5 

0-804 

l\ 

149° 

Riwiduo after dc- 














eoinj)osing at; 






i 







58" 

500° . 

.... 


— 

— 

— 

4 

3 5 

0-5 

2-5 

3 

2 

0-800 

700 ’ . 


... 

9 

1 

2 1 -2;- 

9 5 

4 

1-5 

3-5 

3 

2 

0-908 

Below 32° 

» 900’ . 

10 

r, 



5 3 3 

0 II 

5 

0-(l 

5 

— 

— 

0-920 

Below 32* 

1000° . 




— 


HI 

1 

2-5 

2 

Nil 

1 

1-019 

40° 


On decomposing the od at 500°, the gas is 
small in (juantity and w-hit-o in colour, tlio 
liydrooarbons being present almost entirely as 
vapours, a largo projiortion of which go forward 
with tho gas and (-ondonse in the lioliliT, so that 
tho 50 p.c. of residuals condensed in the receiver 
tlo not represent tho total condensible hydro¬ 
carbons. 

After condensation of tho vapours, the gas 
amounts only to 12 cub. ft., and contains the 
saturated and unsaturatod hydrocarbons in 
nearly equal proportion, whilst on examining 
tho tarrj' rosiduals it is found that tho flash¬ 
point is" considerably lower than that of tho 
original oil, and also that fc-5 p.c. distils over 
below 200", whilst with tho original oil only 
3-5 comes over below that temperature. 

On decomposing the oil at 700°, the yield of 
gas is increased to 00 cub. ft. per gallon of'oil 
used, and is of a buff colour. In tho gas tho 
unsaturatod hydrocarbons are 2 *5 less in quantity 
than in the former case, and there aro more 
saturated hydrocarboi]^. On examining tho 
residuals, the effect of tho increase in tonipera- 


turn is found to bo most marked; they have 
doereasod in quantity from 59-1 p.c. to 22-7 p.c. 
of tho original oil docornposod, whilst tho flash* 
point luiH fallen below the freezing-point, and 
3()-75 }).c.'of the residuals distils below 200°. 
Nino p.c. of tho residuals distil at 123°-126°, 
whilst 9-5 p.e. distils at a temperature of 140°- 
150". At 900° the decomposition of the oil 
yields a still larger volume of gas, in which the 
jicrcontagc of unsaturatod hydrocarbons is the 
same as before, but there is a largo increase in 
tho quantity of saturated hydrocarbons, and a 
slight increase also in the illuminating value of 
tho gas. 

The rosiduals, at this temperature, fall to 
12-7 p.c. of the oil used, and on fractionating 
them more than 1 p.c. distils at 100°, and 5 p.c. 
at a little over 110°. 

On now raising the temjieraturo to 1000°, 
another incroase takes place in the volume of 
the gas, 84 cub. ft. being obtained per gallon of 
oil docornposod, and the illuminating power falls 
from 57 to 42. On analysing the gas, it is found 
’ Lewes, 3. Soc. Cheax. Ind. Jdly 30,1892. 
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* 

that the percentage of saturated hydrocarbons 
has slightly increased, whilst the percentage of 
hydrogen has risen from 11 -8(5 to 21 *54 ; on the 
other hand, the unsaturated hydrocarbons have 
fallen from 36'5 to 22 p.c. The gas os it leaves 
the retort has lost its ricji chocolate-brown 
colour, and has become ‘ sooty ’ from separation 
of carbon, and this, as well as the increase in 
hydrogen, siiowa tliat the temperature has bec'U 
forced to a point at wliich some of the liydro- 
carbons, and mainly the unsatiirated hydro¬ 
carbons, have been dccompoNed. • 


The residuals collected from the gas made at 
this temperature are of nearly the ’same volume 
as those obtained by decomposing the oil at 
800*^, but differ from them in containing nothing 
witii a lower boiling-point than 140®-160®. 

From the results obtained in practical 
working, 9(W has been generally adopted as 
the best retort, temperature to employ, whilst 
the kin<l of oil used is generally governed by 
local eonditioi'S. The following table gives 
the results obtained with various grades of 


Name of c)il 
Sp.gr. . 
Colour 


; Fractional distillation 


Best results : 

Gas per gal. . 
Illuminating power. 


‘ Lustres ’ 

Solar distillate 

Shale oil 

Shale oil [ 

0-82 

) 

0-S(i5(i 

0’8405 

0-864 1 

\Vat(^r white : 

Kcddish brown: 

lleddish brown i 

Kcddisli brown: } 

bluish tluor- 

grcion linin’- 

grcenisli tluor- 

green fluor- 

OHcenco 


eseoiU'c 

csccucc. 

osconce. ■ 

1st drop 

115^ 

IsSt drop 110 ’ 

Ist droj) 225 ' 

1st drop 250° j 

5 p.e. 

J40 

4 p.r. 170 

5 p.c. 248 

5 p.c. 275 

10 

146 

10 ,, 238 

10 ,, 255 

10 ., 285 

15 

152 

15 246 

15 ,, 260 

15 288 

20 

172 

20 252 

20 270 

20 .. 295 

25 .. 

176 

25 .. 255 

25 .. 275 

25 .. 300 

30 ,, 

100 

30 .. 267 

30 .. 280 

30 „ 320 

•10 ., 

205 

35 .. 271 

35 „ 286 

36 335 

45 ,, 

212 

40 .. 276 

40 200 

40 „ 350 

50 .. 

2!7 

50 .. 285 

45 204 


55 .. 

224 

55 .. 201 

50 316 


60 .. 

230 

60 320 

55 ., 350 


65 ,, 

23-1 

05 ,, 345 

Tlicnnomotcr 


70 

243 

'riiormoinotor 

rising 


75 

255 

rising 

rapidly 


80 ,. 

262 

rapidly 



85 

270 




74'5 (5ub. ft. 

82*0 cub. ft. 

S2’5 cub. ft. 

66*6 cub. ft. 

49‘6 candles 

48*2 candles 

41*2 candles 

62*9 candles 


I 


The form of retort and tlie general apparatus 
used vary slightly in the processes introduced 
by Keith, Patterson, Ihntsch, and Pope, but a 
description of the Piutsch plant will suflico to 
make clear the general principles upon which 
they all depend. 

The retorts are of iron, D-shaped and 10 
inches high by 0 feet in length, Tliey rest upon 
Hre-brick, one above the other (Fig. 1), and arc 
connected vertically in pairs. The lid of the 
upper retort is provided with a ^^^iphoii pipe, 
fitted with a funnel at the end into which oil is 
allowed to flow from an overhead tank, the rate 
of flow being capable of adjustment by a micro¬ 
meter cock. The other end of the siphon is 
continued inside the retort for about 12 inches, 
and discharges the oil on to a loose thin sheet- 
iron tray, about 2^ inches deep, which occupies 
the whole length of the retort, apd which is 
changed and cleaned about once a week. The 
oil is heated»and vaporised in the first retort, 
and the vapour passes from the further end of 
the retort downwards into the lower retort, 
which, being directly over the furnace, is con¬ 
siderably hotter than the upper, the tempera¬ 
ture of the retort being a full cherry-rod. Here 
the vapours are ‘ cracked ’ and rendered per¬ 
manently gaseous, and after passage through 
this retc^, they are led by a descension pipe to 
tile hydraulic main. The retorts in the bench 
are fitted with a test cock, by which the colour 


of tlie gas can be aH(;ertained, as tills acts as a 
guide to tli(' work the retort is doing. Tho gas 
should be of a palo straw colour ; if darker, it 
is assumed that the temperature is too high, anfl 
either tho lieat of tlie furnace is slightly reduced, 
or a little more oil allowed to flow in. Each 
pair of 10-inch retorts is capable of making 
450 cub. ft. of gas per hour. 

Tho tar from tho gas-oil retorts having 
proved to bo of little or no value, from time to 
time attempts were made to do away with the 
production of liquid residuals as far as possible 
in the manufacture of oil gas, so that a deposit 
of pitch or carbon only should bo left in tho 
retort. In 1846 Hilary tried to attain this end 
by placing condenser tubes above the retort, 
with a view to returning any liquid that con¬ 
densed back to the retort, where it would bo 
subjected to further distillation, tho ultimate 
products being gas and carbon only. This idea 
was improved by \^k Young, in his process for 
tho manufacture of oil gas. 

In Young’s process the oil gas, which is 
obtained by retorting the oil at a moderate 
temperature, is washed by the oil which is 
flowing into the retort, and in this way all con- 
densiblo vapours arc removed, and only per¬ 
manent gases allowed to pass forward to the 
purifier. As the oil which has served for the 

' E. Uewellyo Price, Proc. lacorp. Initit. Gas 
£ug. 1692. 
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washing i8 uiujiloycd fur lliu muiiufacture of thu through the uMcendiOg gu8 uu to a dlool plate 
gas, any pcrnianonl gases that may have been which ejctencls about 3 foot into the retort, thui 
absorbed are drjv(in out from it during the obviating the direct impact of the oil on to th< 
retorting, and eonscicpiently arc not lost. bottom of the retort. The temperature em 

The retorts uro of cast iron and about 10 ! ployed is between 800"' and 900 . From th( 
feet Jij Jongth, set so us to slope downwards to j {vscension pipes, tlio gas passes to the hydraulit 
the back ; juouthjiieees and aacteriRion jiijios are : main at the back of tlie retort bench, ther 
lifted ill t he xtsual way, and (;aeh mouthpiece has ^ througli a liorizonlal condenser to the scrubber 
a siuajj cock for testing tin* eolouj' ol Uh; gas, i and linaliy to the holder. The oil cistern is 

which should be of a pale straw (roluur, any ; situated abox' the scrubber, and the oil can bt 

deeper tint indicating too iiigh a lejnjierature i led througli all or any of the sections of the 
and iinilue decoinjjositioii of tlie oil. 'I’lie m- ! scrubber,•'after which it jiasses along the botton 
Mowing oil IS adniittcii llirough a small taji | of tlie horizontal coudeiLSors to the hydraulic 

about 2 feet up the ascension jujie, and drops ; mam. From the hydraulic main it enters a 



C::; 
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small cistern litted with an indieating float, by 
which the Mow of oil inUi the retort can be 
rogulated. it m'iII bo seen that in this system 
the oil IS alwaw travelling m an ojiposito 
direction to the flow of gas. 

The oil used is ‘ blue shale oil ’ with a 
specific gravity of about ^-850. Eabh retort 
-makes 600 cub. ft. of gas per hour, and 6^^ ewts. 
of a very dense graphitic coke is left in the 
retort for oacJi ton of oil decomposed. When 
tested on the phot-ometer in Ibumers most 
suited for its combustion, the gas gives an 
averoge of 00 candle power. 

The oompoeition of the gases made by the 
ordinary ana by the Young process is shown in 
tho following analyses, the ordinary oil gas 


being of 50 candle power, and the Young gas 
()0 candle power ;— 

Ordinary Yoims 
Unsaturated hydrocarbons 33'10 43*83 

Saturated hydrocarbons . 45*16 36*30 

Hydrogen . . 19*66 16*86 

Carbon dioxide 0*60 0*63 

Carbon monoxide 0*60 0*00 

Oxygen .... 0*60 1*U 

Nitrogen 0*44 1*26 

100*00 100-00 

In using oil gas for lighting railway oartiogw 
and buoys, the gas is f or^d at six or seven ateoQ* 
spheres pressure into ^oeivera which, in the case 







of railway carriages, aro Hxed to the under frame As already mentioned, when oil gae is com- 
of tho carriage. These receivers are connected pressed into the receivers at a prwure of 
with a governor, which reduces the pressure of about 100 lbs., about a gallon of liquid hydro* 
the gas passing through it to 1 or 2 inches of - 

water, at which pressure it is led to the lamps in I fH 

the carriage roof. Tlie gas is burnt at specially | 

made flat-flamo nipples, consuming about a foot j Iqu 

of gas per hour, and at this rate yields a light of ! T 

about 8 candles per burner. ' 1 ’. 

Improvements have been made from tune / I \ 

to time by tho introduction of horizontal tiat / U '■/ *i^s 5 urt 0 ivgt 

flames in place of upright flames, by the use of ' ^-.> 

small regenerative burners, and also b^^increasing I \ \ 

tho illuminating value of tho oil gas by ad- ' ■ .- >vi 

mixture with acetylene, but tlio greatest advance ! / / \v '' ''K 

that has been made is duo to tho utilisation of /' / / / \ i\ 

oil gas in the incandescent mantle, which was / • ; / ^ \ ; \ 

introduced into this country for railway lighting , / / \V 1 A. 

in 1004. Until tho incojition of the inverted / / , ! \ 

iucandoscent mantle, its ii.‘^e for such a ])urpose | j ■ / ' ^ ' ; I 

as railway lighting was not very successful, as 1 ; / ! ' \ I 

the vibration rapidly destroyed the mantle, and \ > / j i / 

the light, being thrown in an ujiward <iirection. \ j 1 ( / 
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earliouH separateM from 1000 cub. ft. of gas, 
occasioning a fall in illuminating power of aTOut 


necessitated tho use of rellectors. With the _|1-' 

introduction, however, of the inverted mantle, J B 

it was found that tho susjionaion of tho mantle | ^ I B 

on its frame, which merely rested on catches |,„. ,i iW | B[ - *-^ ==r===aaii M 

forming part of tho nozzle of tho burner, acted . 3 T ■ 

as a satisfactory anti-vibrator, rendering the |i I ■ 

mantle far less liable to bo effected by shock, ^ ^ 1 a 

whilst in tho event of an unusually violent jar —w|a |—r am & 

breaking it, it is still held in position by a wire |1 

cage, which keens it in contact with’the flame, 
and ensures a light until tho mantle can bo 

replaced. _ , , vertical MMBlLLi^SaECTioN or 

The high calorific value of oil gas, which gas acoulator a flashinGi apparatus 

averages 1000 B.Th.U. per cub. ft., or double / T/7 — -—W—\ 

that of London coal gas, enables it to bo burnt / ! f \\| \ 

in very small atmospheric burners and mantles, • | ||j 1 

so that a consumption of 0*0 cub. ft. per hour I 4\g' . 

gives 24 candies of illumination, thus trebling \ 'A " } 

the efficiency of the lighting, whilst nearly \—a-—/ 

halving the consumption. plan or flashing apparatus 

* Fig. 2 shows the arrangomout of the lantern Fio. 4. 

and burner as used for railway-carriage lighting, . . ■ u j u_ 

whilst Figs. 3 and 4 show the generu construe , 10 candles. This is also observed, but to a 

tion of gas buoys and burneis showing a flash : smallei extent, in oompressing a rich coal gas. 

< This liquid contains as its main constituentfl 


PLAN OF FLASHING APPARATUS 
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bonzcnu, toluene and hydrocarbons of theethylene 
( 0 „H 2 «) group up to normal licptylene, together 
with Homo nuphlhon(« and very fimall quantitiee 
of other bciizenoid hydrocarbons. 

Tho tar formed during tlio ordinary process 
of manufacturing o.l gjw amountH to about 6 
gallons for each J00'> cubic foot of gas. Hut 
little use hits bc(!n found for it. It contains 
only very small quantltl(^H of plienols or basic 
constitiHints. In most cases, it jh burnt beneath 
the retorts. One of tiie eliief points in Young’s 
jirocesH of making oil gas was lliat the tar is 
entirely got rid of, and a very dense and valuable 
forjn of carbon obtained instead. V. B. L. 

GAS, PRODUCER, v. Puki. and Uas, 
Waticu. 

GAS WARFARE. Tlie lirst atl<)nipt to use 
poison gas in niodiTii warfaro was niade by tlio 
(lorinans in April, 1915, wlien tluy liberated , 
large (juantrities of cldoniK' from (cylinders of [ 
tlie liquelied gfus m the Vpres salient. An j 
enicient [irotectuui against it eonsisied of pails I 
of cotton wool or ji ilaniu'I bag soakiid in eolu- ! 
tions of Hodiuin tliiosuI])hato and carbonate, 
contained in a helmet liiled witli a mica witulow. 
fsiibsequcntly, in Dccombor. 11)15, tlie (Icrmuns 
mado use of phodf/riu-. gits, for whicli Hodium 
])]ionat(s mi.ved with h(!.\u?ii('tliylonctctranim(', 
contained in a hox n^sjurafor, was found to bo 
a Buitablo protection. ‘ Activitatial ’ charcoal, 
or chareoal and jtlkaline permanganate, have 
also boon omjiloyed. Attacks by gas clouds 


were soon replaced by ‘ gas hIioIIh ’—that is, by 
shells containing toxic materials which could 
bo vapourised or ‘ atomised ’ by the explosion. 
Tho first to bo used was tho so-called ‘ tear ’ or 
‘ lachrymator ’ shell containing xylyl or benzyl 
bromide, afterwards replaced by the highly- 
poisonouB tnchloromf'ihyl chloroformate 
ClCCXX'C'ls; by the ‘ mu.stard gas,’ dichloro- 
diethi/l Mnlphidc ((’HjCKdljl.S, which has no 
iniiiKuliati; elfec t upon the eyes beyond a slight 
irntalioii. but pi-odiices exlremoly painful 
after-rdlocts ; the ey<'S swell and blisl(!r, the 
; noHc (li.sciiarges freely, and cougliing and 
vomiting occur. Direct contact wdth tho skin 
also jiroducc.s bb.^tering, and the concentrated 
vajiour ])enptrates clothing. 

Jn addition to the.se substances, tho (Jermans 
at. various limes mado use of phenyl carbylaminc 
rhluritlr, a ‘ lachryiiiator ’ ; (hphenyl-chloro- 
nrfiuic, a \snoe/.ing gas’; allyl i.w-fhtocyanate, 
hommainl ■inrlhyl-elhyl-kdoTic, dihromo-kdonv, 
chloropicrtn, dicfihro-'niil/iyhcther, and mlphur 
lno 2 'iiir-. Jn hand-grenados they employed 
bro7no-acfionf', htoiiniic, rhluro-ace.tun<‘f chloro- 
Hnl})ho7i/r, acid, dnndhyl .snlpJuitc, and mdhyU 
r}ilor(i-milph(7H(ilc (Auld, .1. Wash. Ai;ad. Sci. 
1918, 8. 4r ); J. Soc. Chem. Ind. 1918, 127. B). 

Tho following table, from Moureu's La 
; (Jhimie ot La (luerro (Masson et (^ie, Paris), 
I gives a list of various toxic substances used 
by the (icrmatis, with their physiological pro- 
i pertics, and the dates of their first employment. 


! Date wlicn tiJHt iiseil 
I on the tlolcloi battle 


iSaiue of Hiilistiiiicc 


formula 


nil,-. 


' April . 

t'lilonue (gas)., 

Os 

SufTocating 

i June . . . 

Hionnne (liquid) .... 

Mr, 

Suffocating 

June . 

Benzylbroinide (liquid) . . 


l«Hchrymatory 

1 July . . . 

i , 

. Bromoacctonc {liquid}. 

CU.i—I'O—CU.Mi 

' Suffocating, 
lachrymatory 

1 August 

. Methyl chloro - siilphonotc 

(ll<iuul) 

S(I <r‘'' 

Suffocating 

! August . 

. ('hli'ruineih;^ 1 chloroformate 
(liquid) 

Cl—('(KICH.Cl 

i 

Suffocating 

1 August . . 

Uromomctliyl cthylacetone 

(11—C(l—CllMi—CHj 

Suffocating, 

; l9Hi 

(liquid) 


lachrymatory 

July , 

. 'rnchloroincthvl cliloroformatc 
(liquid) 

Cl—COOCClj 

Suffocating 

December 

. Phosgene (gas). 

COCI, 

Suffocating 


1!I17 

May . 
July . . 

I September 
; September 

1918 

April , . 

April . . 

June. 

September 


('hloroj)icrin (liquid) 


‘ Mustard 
(liquid) 


gaa ” (yperite) I 




Dijihenylchloro.arsine (holid) . 
Plienyidii'lilorn-nrsine (lifiuid). 
Phenylcarbyluuiine chloriile 
(ii<iuid) 

ti ' • 

Kthylarsino dichlorido (liquid) 
Kthylarsinc tiibroinide (liquid) 


(f-'8ri6)8A8f‘l 

Cgli.Asf'l^ 


(’aHjAsClg 

CjHjAsBrg 


Diphenylarsine cyanide (solid) ((’.Hj)jA8(‘K 

N-Kthylearbazorjsolid) . . 


SufTocating, 
lachrymatory 
Suffocating, 
lachrymatory, 
vesicant 
) Suffocating, 

) sternutatory 
Nauseous and 
toxic 

Toxic, 

sternutatory 
! Toxic, 

; sternutatory 
' Sternutatory 
. Sternutatory 


NC.H 5 
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OAS, WATER, k the term applied to the | 
impure gaseous mixture oi hydrogen and oxides 
of carbon formed when steam is passed through 
incandescent carbon, an action which was 
probably discovered by Fontana in the eighteenth 
century, and was undoubtedly known to 
Lavoisier who, in 1703, noticed that wlien 
steam was passed over incandesci'ut carbon, 
hydrogen and carbon monoxide were produced. 

The first att.<>nipt to utiliRO water gas on a 
commercial scale dates back to lS24. when 
Ibbotson sought to increivsc the voli^nu* of gas 
distilled from iiis retorts by injecting steam into 
the red-liot eoki; remaining at the end of the 
period of carbonUatiou. 'i'hi.R idea has ln-cn 
revived on many occasions, but so long as the 
hori'/iontai retort remained in general usi^ ffic 
the purpose of distilling coal, tlie proci's.s was 
found to 1)0 imjiracticablc. Witli the introduc¬ 
tion of the vertu'a! retort, liow’over, the system 
was again ONperimented witli 


decomposed by the red-hot carbon, as at tem¬ 
peratures above 900'’ some of the carbon 
monoxide is oxidised by steam to carbon 
dioxide, according to the equation : 

CO + HaO=CO,+H, 

a reaction, wdiich, being reversible, is never com¬ 
pleted, but which causes a serious increase in 
tlic volume of carbon dioxide in the water gas 
if an J“Xco.'»a of steam bo present. 

Jf, iiowcN or. the temperature in the generator 
bo maintained as liigh as possible throughout the 
gas-making ‘ run,’ and it tho volume of steam 
IS carefully adjusted, in practice a water goa 
is obtained with apiiro-xitnately tho following 
comjiosition :— 

Hydrogen . . .')2‘0i).c. 

('arbon monoxide . . 38'5 by volume 

(!arbou dioxide . . 4T) ,, 

Methane . . - I'O ,, 

Nitrogem . . . 4*0 ,, 

Theorcticallv, methane should be absent, 


of ‘stearnin; 

and has now been fairly generally adoj)t(‘d with i 

a good deal of success. The onuinal practii e of t —.- • i w • • v. 

admitting tho steam to the retort when i he ! owing to tho JinposHibility oi obtaining co'e 

greater part of the coal gas Juts been evolved ' entirely fre(‘ from hydrocarbon b(isi«, a small 

htui given way to tho more cnectivo method j projiortiou is always present, it is possible, 

of admitting a restricted quantity during the i too, that catalytic action may account tor a 
whole period of distillation. I «niall quantity of this gas. Hi addition, 

The extent of the water-gas industry in | Hulpbur<4t(Ml hydrogen is evolved to the extent 

this country is shown by the statistics issued [ about 120 grains per 100 cubic feet (0’U2 p.c. 
by tho Board of 'rrade! which imlicat e that l)y volume), while other gufioouH sulphur com- 

annually approximaielv 24,000 million cubic feet; pounds, chiefly carbon (lisiilphido, are present 
■ . " ■ ' ' ' 111 quantities amounting to from 10 to lb grams 


are generated. Tho number of gius works pro¬ 
ducing tho gas is 14S, of which’ 101 are com¬ 
panies, and 47 undertakings belonging to local 
authorities. The world’s outjjut {)f water gas is 
in tho neighbourhood of 120 million cubic feet 
per annum. 

When Htcani is ])iwMod through a mass of 
heated carbonaceous material, tho composition 
of tho gttfl formed will vary with the teinpera- 
turo, and, to a less e.xtent, with other factoi'S, 
such as tho rate of flow and quantity of steam, 


per 100 cubic foot. Tlioso impurities, however, 
are largely dependent upon the proportion of 
Huljdiur in tho original cokc employed. 

Tho systems which have Dcon introduced 
for the purpose of manufacturing water gas 
may be e.lassiiiod under the following hoadiiigs i-— 

(1) Tho Oontinuous System. 

(2) Tho I nternuttent System. 

(3) Tho Neat-Oxygon System. 

(4) Complete gasification of coal aiul coke 


h as tho rale ot flow ana quantity steam. | ... - 

It is found by experiment that at tempera- i one ofioration, whereby a mixture of co 
turoB about 000® the reaction is mainly : i water gus is obtained. 

Early attempts to manufacture water gas l)y a 
continuous process in which steam was passett 


(J + 2H30:=()02 + 2H2 

the quantity of carbon monoxide being small, 
whilst when 1000“ is passed, tho reaction more 
nearly approaclie.s (J-fHaO^CJO + Hn. 

Tne products obtained vary with the tem¬ 
perature of the carbon in the following manner : 

PeiCentflge composhion of 


Temperature 
of carbon 

Hydrogen 

(Jarb^ 

dioxide 

Carbon i 
iiiunoxlilc ' 

600“ 

66 

30 

4 

700“ 

1)5 

29 

6 1 

800“ 

62 

23 

15 

900“ 

54 

7 

3‘) [ 

1000“ 

60 

2 

48 


Tho value of water gas as a fuel largely 
depends on keeping tlie percentage of carbon 
dioxide and nitrogen os low as possible, and it 
la clear, therefore, that the tomporaturo of tho 
oarboD in whatever form it is used, must bo 
kept at or above 1000°, and that a fall in tem¬ 
perature below 900'“ causes a large increase in 
the carbon dioxide. 

It is also important, in order to keep down 
the pw'centage of carbon dioxide, to avoid any 
excess of steam over the quantity that can be 


through coke contained in an externally heated 
generator failed for tho reason that to make 
water gas suceossfully the cokc must be main¬ 
tained in a state of incandescence. Since the 
decomposition of the steam absorbs more heat 
than IS emitted in the formation of the water 
gas, the coke charge cools more rapidly than the 
heat can bo imparted to it through the fire-clay 
walls of tho generator. Accordingly, when the 
temperature falls, tlie carbon dioxide is formed ^ 
in such quantities as to render tho process 
uneconomical. 

In 1849 fiillard introdmed a process in 
which he adopted the entirely new idea of 
raising thp temperature of the carbonaceous 
fuel by Wowing ai^on to it instead of heating 
it m a retort fired from without; ^ having 
raised tho fuel to ineandoseenco by its own 
partial combustion, ho then shut off the air 
supply and passed steam through the fuel, until 
the temperature was so reduced as to necessitete 
a fresh olowing up by air. It is this principle 
of ‘ blow and run ’ which has since been employed 
in all the water-gas processes which have bad 
any claims to success. 
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After Gillard’s tiine, tiutituruuti utiier attempts 
were made tu introduce water gas, but aothiag 
ot importance was done until 1875, when Lowe 
and TeMsie du Mutay, in America, jnaugnrated i 
tlie preheat carburottod water-gas systems. ! 

A scicntilic', and prubably a not inipractic- 
abJo, syslniii is tliat embodying tbo use of neat ; 
oxygen, '.riie ohjccsh is ojxirated on continiioiiH 
lines, and nymlts in a gas {>ractieally free from 
nitrogen, but containing fi()-70 p.c. of carbon 
monoxido. Stoain is admitted to the base 
oi tlie generator in the ordinary manner ; and 
along with it is iiassod a Htnxiin of ])uro oxygen 
In tins way, wliilst. steam is eombming wifli a 
lortion of tlie carbon to form winter gas, the 
mat lost by the ('iidotliei inie nailin' of tin; reac¬ 
tions is replaced by thi' exothermie combination 
of the oxygim with part of the <-arbun. It 
steam and oxygen arc n'gnhitcd in acimidaiici' 
with theoretical reqinrenumtH the process will 
proceed witli little tniiible, R. P. Ihctet has 
recently propo.sed to employ smdi a mixluie, 
which IS admitbsl through a Lube of rofnndiny 
material into the centre of the charge} m tlie 
generator in such proportions that the ieniperu- 
turo ot the charge is ununtamed at about UiOO' . 
Praoticaily pure water gas is drawn oil iiud is 
scrubbed and stoi-cd in the usual way. 

The fact that watior gas eontaina ovisr !M1 ji.e 
ot coinbiistiblo gases, whilst the ordinary }irt)- 
<luoor gas contains only 30 p.e., soon attracted 
the attention of snnn} b^urojieaii (‘ngineering i 
lirms, wild roiiuired an intense heat for welding ' 
purposes, and in tiie early oightioH sevcrurl ! 
plants w(‘re installed in Europe for welding ! 
tubular boilers and other work of tiio sani<‘ ! 
oharaeter. I 

Eroni a hisfeneal point of view, it is interest- j 
iiig tu note that the generator tlnui oinjilovod ; 
couHisled of u cupola furnace, about 20 ioot j 
in heiglit and 7 ieet in diameter, lined with lire- j 
hriek, with a oonstriotion a short distance ' 
above tlie heartli, tlio flro-lirick being protected | 
at tins point by a water-cooled ring. An nir 
bloat was admitU'd lielow the wat-(‘r-cooled : 
ring, and in about 10 minutes the ignited fuel 
Was raised l.o incandescence. The air blast ' 
was then cut otT, steam wius admitted above 
the top of the fuel, and passing down througli 
it, became converted into water gas, wliieh 
oaeaped by tlio same opening aa t hat through 
whkm the air blast was admitted, tliis being 
opened and closed by means of a water-cooled 
. sndo valve of such construction that it was 
impossible for any exiiUxsive mixture of wak'r 
^ gas and air to bo toriued. The water gas 
passed on to pnriliers, which removed sul¬ 
phuretted hydrogen and carbon dioxide, and 
the gas was then stored in gas holders. The 
fuel was fed into the generator at, the top, 
which was closed by a cone; tho wdude of the 
steam, air, and water-gas pipes being governed 
by an arrangement of Itwer valvefl which 
rendered any explosive mixture impassiblo. 
Thin form of apparatus was installed at the 
Leeds Forge in 1887. 

The impure mixture of hydrogen and carbon 
monoxide made by such prooeesea bums with a 
blue non-luminous flame, and is technically 
known as ‘ blue water gas,’ .to distinguish it 
from the mixture of water gas and oil gas 
which, introduced in America in 1875, had 


achieved a groat huccoss, and was iargi ^ 
as a substitute fur coal gas under uie name 
of ‘^carburettod water gas.’ 

Tho increase in the price of cannel coal 
led English gas managers, in 1889, to turn 
their attention 'to the American practice of 
mixing carburetted water gas with the coal 
gas in order to rui.s(} it.H illuminating power. 
Tlie process wa.s adopted by tho Gas Light and 
(\>k(} Gompany, and is now usoii as au auxiliary 
to coal gas in ni'arly ('V<Ty large gas works in 
(ireat Ihit|in. 

Tlio rcjisoii.s tliat ])ro\ ('fited the rapid pro¬ 
gress of the ‘ blue water gas,’ except for special 
}>ui'pot^es, aro l.irgiilv to be found in its poisonous 
properties and tho unotsmomic conditions of its 
manufacture at this period. 

It has been sliown that in the formation of 
water gas the perfect decomposition would be 
i'('[)re.s(!nted bv tlu' (‘(juation : 

C M'G 

A unit weight ol iiydrogen in burning to water 
gives out' 31,500 calories, and as 2 units burn 
to ioini IH of wnter, tin; heat evolved during 
its prodiietion will be34,501)2 = 09,000calories: 
i when the 18 iirutis weight of water aro again 
' decomposed, this amount of heat will again 
Ih} absorbed, fn this case, however, tho water 
lias had to be eonvorted into steam, and so 
contaiu:-i an amount of lieat (itpial to the latent 
luvit of steam plus tho heat used to raise it to 
tin} l)oiling-[)oinl'. '[’h(! latent boat of stoam is 
C)‘M\ calories per unit weight of water, and to 
allow for tho heat nocessarj' to bring it up to 
the boiliiig-]ioint, this is generally called 8(W. 
In the present case, we are dealing with 18 unite 
oi water as steam, so the heat priwent in it will 
bo liUOx 18 = 10,890 calories, and f ho extra heat 
used up in doeompo.sing tlio 18 units weight of 
water will [)tt 09,000-10.800^58,200 calories. 

The water having been decomposed, its 
oxygen is available to burn the 12 unite of 
carbon to carbon monoxide, and a.s in doing 
this one unit of carbon omits 2489 calories, 
the 12 will yield 2489x12=29,808 calories. 
II this be deducted from tlio jirevioua heat 
deficit, tho result is : 

- 68,200 

-1-29,808 

*-28.332 

or a shortage of 28,332 for the 12 unite of 
carbon, or 2301 for one. If the unite be taken 
fls llw., ] )b. of carbon, in decomposing 1*6 lbs. 
of steam lo hydrogen and carbon monoxide, 
uses up 2301 calories. In order to obtain this 
amount of heat, I lb. of carbon may. be burnt 
to carbon monoxide by an air blast, so obtaining 
2489 calories, so that, theoretically, it should be 
possible to got the required balance of heat by 
i burning half tho fuel by an air blast to producer 
ga.H, and by a steam jot converting the remaining 
half to water gas. 

In practice, however, the loss of heat taking 
placo L'om the escape of the hot producer gM, 
radiation, &c., necessitates the an blast being 
continued until a far higher proportion of the 
carbon in the fuel has been consumed, and by 
I this process, instead of 60 p.c. of the carbon (» 

I the iuel being converted into water aas, the 
actual amount varies in practice from Iw to 80 
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p.c. In other words, from throe to four times 
Bs muuh coko is consumod during the ‘ blow ’ 
as during the gas^making ‘ run.’ 

In making water gas by such processes as 
that which was employed at the Leeds Forge, 
fuel in the cupola is first raised to incandescence 
by the combustion of a portion of it under the 
influence of an air blast, an operation giving as 
a gaseous product a producer gas of tlie com¬ 
position : 


Nitrogen 

. (>4 r» 

(Jarbon monoxide 

: 29-0 

(Jarbon dioxide 

4-() 

Hydrogen 

2-r) 


A thousand cubic feet ol water gas contain, 
of combuHtibIc constituents :— 

Hydrogen . . . 2-75 lbs. 

(yarbon monoxide . . 30’00 ,, 

and the tliormal value will Ik; rojn’cscnte-d by : 

{2-75 X 34,500)-L(30 x 24:J5)^ H)7,!)25 calories 
The thermal value of the (K) ibs. of carbon, 
howewur, used in making the water gas would lio : 

SI37XOO~1S8,220 oaionea 
In other words, the water gas formed Ims only 
just about 30 p.c. of the heating value of the 
carbon from which it has boon formed, and 
this loss of 70 p.c. of the calorific value rendered 
the use of water gas as made by the old Furopoan 
process iinpossibic, save for special jjurposos. 

When, how(;ver, tlie producer gas can be at 
once led away and burnt wliiisl hot for any 
purpose, anotlujr 223,328 thermal units will be 
produced, bringing tlie total calorific value of 
the two gases up to nearly 80 p.c. of the value 
of the carbon used in generating them. 

If ihuHc conditions could have been satisfied 
in the early days there is no doubt that water* 
"08 would Jong ago have been highly HuccoHsful, 
but inaamuch au the producer gaa is four times 
greater in volume than the water gas made, 
and as the gases are jiroduced intermittently 
and not continuously, the difliculty of utilising 
both was almost insurmountable, oa, if storage 
had been provided for the producer gas, the 
gas holder room required would have been 
enormous, whilst allowing it to cool down would 
have rendered it hardly worth burning. In 
some tew of the later installationH, the producer 
gas has been sucoassfully used in firing boilers 
and other work of the same character, and in 
this way the efficiency of the manufacture of 
* blue ’ gas has been greatly increased. 

When the manufacture of car'burettal 
water gas was first successfully carried out by 
Lowe and Tessi^ du Motay, it became at once 
apparent that the producer gas, the loss of 
which had crippled all water-gas processes, 
could be utilised in raising chambers nlied with 
chequer brickwork to the high tem|)erataro 
needed to decompose the oils, and so furnish 
the oil gas which, when mixed with the water 
gas, rendered the latter luminous. It was, by 
thus making the carb'urctted water-gas plant a 
perfect heat machine, that its greatest success 
was achieved, as in raising the fuel to incandesc¬ 
ence the producer gas, with all its heat in it, 
was at once burnt with a fresh supply of air 
in the super-heating chambers, the practical loss 


of heat taking place throughout the whole 
apparatus being reduced to a minimum. 

In all attempts to make water gas prior to 
! 1896, the iucanaoscenco of the fuel was always 
: attained by using the air blast with so deep a 
, bed of fuel that the carbon monoxide and 
residual nitrogen of the air formed the chief 
gaseous products. It must be remembered 
that wlien I lb. of carbon combimw with oxygen 
to form c-arbon monoxide, as when forming 
producer g;i8, only 2489 ealorios are developed, 
whilst if air bo present in siilhcioiit quantity 
to burn thi' carbon complct^dy to carbon 
dioxide, the amount of heat whudi is evolved 
is 3’27 times as great, t.c. 1 lb. of carbon givt's 
out 8137 calories. 

A process was devised by Mr. (lari Dollwik, 

111 which this fact was utilised by adjusting 
the air supply, and by keeping the level of the 
incandoflcout fuel in the generator at a nearly 
constant height. 

Under tlieso conditions Dellwik claimed tliat 
prctduccr gas i-(‘a8ed to exist as a by-product, 
so that the gasiy^ rasulling from the ‘ blow ’ 
consisteil merely of incombustible products, 

' with a corresponding saving in fuel. It may be 
said, however, that althougfi in practice tho 
quantity of carbon monoxide present in the 
‘ blow ’ giises was certainly reduced in Dollwik’s 
plant, it was never possible to obtain a gaa 
entii'ely free from it. Tho chief advantage of 
' this typo of apparatus was tho proportionate 
< lucruaso obtained in the gus-making period 
; owing to the reduction efleoted in the period of 
I blowing. 

In tlie old ’ European’ procoss, it woe 
necossary to blow for nearly lO rninutoe to 
bring the fuel bod up to tho right temjierature, 

{ whilst tho period during which the incandoscence 
i was sufficiently great to decompose the volume 
; of stoam used, limited steaming to 4 or 5 
i minutes, whereas in tho Dollwik process, the 
period of blowing rarely oxi^cods 2 ininutos, and 
it is possible to steam fur about 7 minutes, 
much depending ujion tho nature and condition 
of the fuel. 

Tho Dellwik generator consists of a sheet- 
iron shell, lined with liro-brick, which contains 
the fuel—coko; below the grate level U the 
valve for the air blast, whilst steam can be 
admitted either at the top or bottom of the 
generator. The water gas is provided with 
two outlets, one at the tof) and the other at the 
bottom, connected by a three-way valve. A 
central stack valve, geared with tho air-blast ^ 
valve, allows the products of the ‘ blow ’ to 
pass away, and through it tho fuel is fed into 
the generator. In practice, tho generator is 
filled to the proper level with coke, which is 
blown up to incandescence with the air blast, 

; the proQuets passing off through the central 
I stack. When the right temperature is attained, 

I tho air^s cut off, Ihe central valve being simul¬ 
taneously closed, and steam is admitted at a 
carefully regulated rate, which, passing either ap 
or downwards through the coke, is decomposed, 
into water gas. The gas escapes at either of 
its outlets into a scrubber, where it meete with 
a stream of water trickling over ooke; this 
cleanses and washes the gas, whioh is them 
stored in a holder. When the temperatore of 
the fuel has fallen to a point at which carbon 
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dioxido in forruod in cxcc'hs, iJio «lcam is shut 
oS, and tiio fuel afzaiii raised to bright incan- 
doseencc by th(! airulust. 

AnotluT wat(ir gjis process, chiefly employed 
for the nmnufacturt' oi “ blue ’ gas, is that due 
to Knuncirs and Aarts. Tliis process onginuted 
on tlio ('ontinent, but. soveral installations are 
now in (operation in tins country. Tlu^ novelty 
in f liis apparatus consists in having t wo genera¬ 
tors with a regenerating ehnmlier iilU'd witli 
chequer brickwork Ix hmd tliein, so that when 
tlie c<ike in the gencnitoi's is biung raised to 
incandesca'nec by the air iihust. any rarboii 
monoxide tliut it iiiay contain can bo burnt- by 
an extra air su])[)ly in Hie regeneiating eliainber 
to heat till' cdiequer work, so t-liat- tlie products 
escaping up the ehiimiev consist, of the juo- 
durts of eoni|)l(‘te coinhust.ioii only, and the 
boat whicii tiicy eoiilain is fnrllicr uliiised to 
raise the tonipera.tin<- of tjie ixlra air reijinred 
Jor the <'oinl)iJstion n tlii^ giuieialor. AVhen 
the right tenijiotat lire of t lie fuel in the generators 
hiUH btxui attained, sl-i’am is lilown in at the 
bottom of the lirst generator, tlie steam fieing 
in oxecHh; the resulting mixliire of hydrogen, 
carbon dioMde, I'arbon monoxidi^ and steam is 
then passed through the regenerator, where 
it is highly heateil. and traverses the second 
gonenitor, eutoi'nig at- the top and passing 
downwards through the coke. 15y this arrange- 
nient, the oarlion dioxiih' produced by the excess 
of steam in the iirst generator becomes reduced 
to carbon monoxide, whilst any excess of stoum 
is also docoiiqiosed into hydrogmi. Inasmuch 
as in this genesrator the hottest portion of the 
fuel will be at the botloin, where the air blast 
hoB coiiio more thoroughly in contact witli it, i 
tho giwes linally lea\e the iiioss of fuel at the ! 
point of highest temperature. i 

Jt is well known that when stearn is forc'ed ! 
in n uoiitrarv dilation to that in which tho 
air blast hiis Ijeeii driven t.hrough the generator, ' 
the proport.ion of ciuboii dioxide is niwa\s less 
than when tho steam pjusses in tlic same direc¬ 
tion a.s the air bliust, and lids prim-ijde has boon 
used in many forms of gonorutor. 

The alt-m-ations that have taken place 
during tho last f<'w years in the manufacture 
ot water gas have jiraeticully doubled tho pro- ; 
ductioii of gas jier unit weight of fuel used in 
tlio generator. The result of several yearn' 
practical working at the Leeds Forge with th<' 
old ‘ Kuropeati' genenitor, in which during the 
‘blow’ producer ga.s was formed, gave us an 
average 34,(KX) cubic foot of water gas per ton 
of ooko in tho generator, but when this was 
replaced by the Dellwik generator, it was 
found that the gas coke of rciusonable (|iialit.y 
and not containing more than H ii.c. of ash. 
tho yields roso to over (iri.tXtO cubic feet jicr ton. 
and under special conditions as mucli as 70,000 
cubic foot could bo made. 

(ias coke is the fuel most often emjdoyod 
in this country in tho generator, and. for 
effective working, attontion should be paid to 
tho size of tho coke used. Small sizes can be 
used only in tho smallest generators, and if the 
coke is too much cnishod or contains dust, the 
dust chokes tho air spaces between the piwes 
ot coke and forces the blast and steam to form 
channels, so lessening tho surface of the incan¬ 
descent fuel exposed to tho rapidly flowing 


gases. At the same time, the coke must not be 
too largo, as that again reduces the surface 
exposed per cubic foot of generator space. If 
it is possible to select the size of coke for any 
ordinary-sized generator, coke which will not 
]iass tiirough a 3-ineh mesh, but will pass 
through a b-inch, will give an o.vposure of about 
U) square; feet per oabi<- fool of generator space, 
whilst if tlie .size be reduced so tliat it will not 
pass tiirfiiigii a 1 mesh, but will puss through 
a 2L the Kurfai’(“ of fuel e.vjiosed is nearly doubled, 
ami a ruix#uj<- of tlicsc two .sizes will, with 
any ordinary generatoi', give, the best results. 

The eonsmii])! lon of steam, as found in 
practice, for the maiiufucfure of water gas, 
usually airiounls to from 27 to 30 lbs. per 
1000 iiibii- feel (>f gas generiitial. As regards 
the ijuantity of coke used m the gcneralor this 
vanes in ai'corclami* w'ith th(‘ tyjic nf jilaiit in 
UH(;. With ajiparat us of the JjOwc typo, a figure 
ol 3.7 lbs of cok(' per 1000 cubic feet of gas is 
probal>!v tlu' most fu\ouiable, but some reduc¬ 
tion on tlu.s may be cxjx-ctcd in those cases 
where the pun eok(‘ is exlraetial from the 
generator i'eni.'*e. ami deducted from the total 
weight of coke shot into the generator. IMants 
dcsigiH'il e.ysentially ftir the production of ‘ blue ’ 
gas are generally able to eeonomisc in the 
direction of tiiel, and figures so low as 25 lbs. 

I of coke [lor lOOO cubic feet have been obtained. 
These figures, as in'the ease of that given for 
the Low(‘ jilant, are exclusive of tho fuel required 
in tho boilers for steam raising. The atoam- 
raising ])hiiit will, with tho mi.xturo of breeze 
and coke usually employed on gaa works, require 
an additional 12 to 15 liis of fuel per 1000 
cubic foot of gas made. 

Tlie cost of manufacturing water gas must, 
of eourso, largely depend upon tlie prevailing 
value of tho raw materials employed, and more 
especially {in tho ease of the ca'vliurottod gas) 
upon tho co.st of the oil utilised. Tho oil, in 
fact, m normal times, may remresent from 
50 to ()5 p.c. of the total cost, and nir this rcaoon 
It Will be appreciated that the manufacture of 
‘ blue ’ gas is a very much less costly undertaking 
tlian is tho cjxso with a earburetted gas. Tho 
conditions brought about by tho Kuropoan 
war wore responsible for drastic changes in the 
degree of carbunitioii which was possible, for 
wher('a.M, just prior to tho outbreak of hostilities, 
the oil could be obtain<‘d for little more than 
'1(L ))er gallon, it rose, after 3i years of war, to 
nearly Is. (k/. per gallon. In fact, its scarcity, 
owing to tho shipping position, was such that 
gas companies throughout the country were 
rationed in the way of supplios. 

The cost of manufacturing earburettod water 
rose during the war to nearly 2.s-. per 1000 
cubic feet, in spite of a reduction in carburation 
amounting to 50 p.c. That price, however, wa« 
j largely artificial, and cannot bo taken as indica¬ 
tive of normal expenditure. For this reason the 
analysis of costs prevailing just prior to the 
j war IK given on p. 305. 

The cost of * blue' water gas will be prac¬ 
tically in agreement with tho above after the 
charges for oil have been deducted, while, so 
far as residuals arc concerned, there will be no 
revenue from tar. On this basis it will be 
seen that ‘ blue ’ gas costs • approximately 
{ler 1000 cubic feet. As regards capital 
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p.c. In other words, from throe to four times 
Bs muuh coko is consumod during the ‘ blow ’ 
as during the gas^making ‘ run.’ 

In making water gas by such processes as 
that which was employed at the Leeds Forge, 
fuel in the cupola is first raised to incandescence 
by the combustion of a portion of it under the 
influence of an air blast, an operation giving as 
a gaseous product a producer gas of tlie com¬ 
position : 


Nitrogen 

. (>4 r» 

(Jarbon monoxide 

: 29-0 

(Jarbon dioxide 

4-() 

Hydrogen 

2-r) 


A thousand cubic feet ol water gas contain, 
of combuHtibIc constituents :— 

Hydrogen . . . 2-75 lbs. 

(yarbon monoxide . . 30’00 ,, 

and the tliormal value will Ik; rojn’cscnte-d by : 

{2-75 X 34,500)-L(30 x 24:J5)^ H)7,!)25 calories 
The thermal value of the (K) ibs. of carbon, 
howewur, used in making the water gas would lio : 

SI37XOO~1S8,220 oaionea 
In other words, the water gas formed Ims only 
just about 30 p.c. of the heating value of the 
carbon from which it has boon formed, and 
this loss of 70 p.c. of the calorific value rendered 
the use of water gas as made by the old Furopoan 
process iinpossibic, save for special jjurposos. 

When, how(;ver, tlie producer gas can be at 
once led away and burnt wliiisl hot for any 
purpose, anotlujr 223,328 thermal units will be 
produced, bringing tlie total calorific value of 
the two gases up to nearly 80 p.c. of the value 
of the carbon used in generating them. 

If ihuHc conditions could have been satisfied 
in the early days there is no doubt that water* 
"08 would Jong ago have been highly HuccoHsful, 
but inaamuch au the producer gaa is four times 
greater in volume than the water gas made, 
and as the gases are jiroduced intermittently 
and not continuously, the difliculty of utilising 
both was almost insurmountable, oa, if storage 
had been provided for the producer gas, the 
gas holder room required would have been 
enormous, whilst allowing it to cool down would 
have rendered it hardly worth burning. In 
some tew of the later installationH, the producer 
gas has been sucoassfully used in firing boilers 
and other work of the same character, and in 
this way the efficiency of the manufacture of 
* blue ’ gas has been greatly increased. 

When the manufacture of car'burettal 
water gas was first successfully carried out by 
Lowe and Tessi^ du Motay, it became at once 
apparent that the producer gas, the loss of 
which had crippled all water-gas processes, 
could be utilised in raising chambers nlied with 
chequer brickwork to the high tem|)erataro 
needed to decompose the oils, and so furnish 
the oil gas which, when mixed with the water 
gas, rendered the latter luminous. It was, by 
thus making the carb'urctted water-gas plant a 
perfect heat machine, that its greatest success 
was achieved, as in raising the fuel to incandesc¬ 
ence the producer gas, with all its heat in it, 
was at once burnt with a fresh supply of air 
in the super-heating chambers, the practical loss 


of heat taking place throughout the whole 
apparatus being reduced to a minimum. 

In all attempts to make water gas prior to 
! 1896, the iucanaoscenco of the fuel was always 
: attained by using the air blast with so deep a 
, bed of fuel that the carbon monoxide and 
residual nitrogen of the air formed the chief 
gaseous products. It must be remembered 
that wlien I lb. of carbon combimw with oxygen 
to form c-arbon monoxide, as when forming 
producer g;i8, only 2489 ealorios are developed, 
whilst if air bo present in siilhcioiit quantity 
to burn thi' carbon complct^dy to carbon 
dioxide, the amount of heat whudi is evolved 
is 3’27 times as great, t.c. 1 lb. of carbon givt's 
out 8137 calories. 

A process was devised by Mr. (lari Dollwik, 
111 which this fact was utilised by adjusting 
the air supply, and by keeping the level of the 
incandoflcout fuel in the generator at a nearly 
constant height. 

Under tlieso conditions Dellwik claimed tliat 
prctduccr gas i-(‘a8ed to exist as a by-product, 
so that the gasiy^ rasulling from the ‘ blow ’ 
consisteil merely of incombustible products, 

' with a corresponding saving in fuel. It may be 
said, however, that althougfi in practice tho 
quantity of carbon monoxide present in the 
‘ blow ’ giises was certainly reduced in Dollwik’s 
plant, it was never possible to obtain a gaa 
entii'ely free from it. Tho chief advantage of 
' this typo of apparatus was tho proportionate 
< lucruaso obtained in the gus-making period 
; owing to the reduction efleoted in the period of 
I blowing. 

In tlie old ’ European’ procoss, it woe 
necossary to blow for nearly lO rninutoe to 
bring the fuel bod up to tho right temjierature, 

{ whilst tho period during which the incandoscence 
i was sufficiently great to decompose the volume 
; of stoam used, limited steaming to 4 or 5 
i minutes, whereas in tho Dollwik process, the 
period of blowing rarely oxi^cods 2 ininutos, and 
it is possible to steam fur about 7 minutes, 
much depending ujion tho nature and condition 
of the fuel. 

Tho Dellwik generator consists of a sheet- 
iron shell, lined with liro-brick, which contains 
the fuel—coko; below the grate level U the 
valve for the air blast, whilst steam can be 
admitted either at the top or bottom of the 
generator. The water gas is provided with 
two outlets, one at the tof) and the other at the 
bottom, connected by a three-way valve. A 
central stack valve, geared with tho air-blast 
valve, allows the products of the ‘ blow ’ to 
pass away, and through it tho fuel is fed into 
the generator. In practice, tho generator is 
filled to the proper level with coke, which is 
blown up to incandescence with the air blast, 

; the proQuets passing off through the central 
I stack. When the right temperature is attained, 

I tho air^s cut off, Ihe central valve being simul¬ 
taneously closed, and steam is admitted at a 
carefully regulated rate, which, passing either ap 
or downwards through the coke, is decomposed, 
into water gas. The gas escapes at either of 
its outlets into a scrubber, where it meete with 
a stream of water trickling over ooke; this 
cleanses and washes the gas, whioh is them 
stored in a holder. When the temperatore of 
the fuel has fallen to a point at which carbon 
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Thus, witli a nieflium-sizftd j)]ant, making 8000 
cubic foct dunng a livo-minutes’ ‘ run,’ the total 
air paHBCfi HhoiihJ lio between 4000 and 6000 
eubio foot per niiniiUi. Ciinkcniig on wator-gas 
plantH niiist h(^ ('/irncd out. at frequent intervals, 
lor if ont o lb(j mas.s jk permitted to aeeinnulato 
it wdl giadimlly arch over in the generator until 
the latt.ei is alniont eouipletely (diokcid. With 
thdi Low(^ j)lant.H it is advisable to perforin the 
operation at. intervals of 4 houns, although in 
eiuies wlnu-e a go<id (piality coke is jiroeurahle 
the period may bo prohmgial to 0 bom's. 

fluring roeimt years tluTC has been some 
tendeney tetwards tin.' modification of water- 
gas plant, with the rtisnll that in some instances 
apjuiratus of a novel idiaraetiu- is to bo found 
at work. One sin li inst-anei' is tlu! plant for the 
production ol what is teehnieally known as 
‘ mothant'-hydrogen ’ gas, a s<miii- water gas 
(mriolied by nu'ans of I'oal ga.s tar. One of tlie 
most interesting jilants, )iow<-vor, wliieh has 
lieen ereefed at a number of gasworks in 
this country is that which is designed to gasify 
cimiph'tioly both ('oal and coin' in a aingle ojiora- 
tion. The system, was originally suggested by 
Or. St racing of Vienna, ami has Loon developell 
in this eounl,r\- on lines similar to the Gorman | 
piocoHH t^oai IN ( barged into the upjicr portion ! 
of the generator which in reality conforms to a j 
vertical retort. This coal gradually works its ! 
way ilown the retort, being carbonised mean¬ 
while by a st ieani of lint water gas issuing from 
the generator Hit uiitod at- the base of t he vessel, 
'riio coal filiould he reilueeii to tlie eondition 
of ordinary coke liy tin* time it has passed two 
thirds of the way down the rt'tort, and it tlu'n 
drops into the wat.cr-gas generator Thus, 
during the ‘ run ’ water gas is being evolved 
fronf the coke and coal gas from the coal, the 
two gastw intenni.Mng and juussmg out at the 
top of the generator. In this way, liv the 
complete gasification of liotli coal and‘coke, 
about GO.OOU cubic feet of gas having a gross 
ealordie power of about IlKO H.Th.U. per cubic 
foot may be obtaiimd fntm a ton of coal. 

. In addition to being used as an auxiliarv to 
coal gas, blue water gas is ajipiied. with verv 
satisfactory results, to the welding of plates 
and lieating of turmu'cs and forgew ; Ibis 
inetliod has proved of groat praet.ieal ad¬ 
vantage ill welding tubes lot gas, water, and 
stesam mains, for boiler \sork, and also for 
melting steel. 'Fivsls conduetod by the Ad¬ 
miralty show the strength of a ‘ blue ’ gas 
weld to be oqual to that of the j>late. Having a 
very much higher calorific power than producer or 
suction gas, ‘ blue ’ water gas may 1 hi u.sed for 
driving gas-engines, the eonsuraption being 
about 115 cubic feet per R.hT.l*. hour. 'I’he con¬ 
sumption of ordinary suction gas is about 
HO cubic feet per B.H.lk hour. No water gas, 
however, is entirely aatiafao^ory when ’ised for 
pOMor, for the large ^iroportion of hydrogen 
prevents high (‘ompression in the cylinder of 
the engine. 

By far the most important property of blue 
gas is its exceedingly high flame temperature; 
and Hr. Roesslor has found that by admixture 
with boated air a temperature considerably 
abo\’e the melting-point of platinum may be 
easily obtained. Under general Ronditions, 
however, the temperathro of the hottest part 


j of the flame in about 2800°-3000“f'. It is 
owing to this property that blue gas is applicable 
to such processes os welding, forging, ahd 
heating furnaces. 

In all processes of the above kind, there is 
no necessity to purify the gas from sulphuretted 
hydrogen—merely an ordinary water-scrubber 
is used. It is, in fact, an advantage to leave tbe 
gas uripunfied, for it then has a distinct smell, 
and any escape may be ((uickly perceived, 
'i'liiis one of the greatest drawbacks to blue 
: ga,H—freedom from huicH —is more or less 
overcome, it will be remembered that in 
Germany it has, in some cu.ses, been thought 
advisable to impart a drstinel odour to the gas, 
by paH.sing it tlirough a lieavy hydrocarbon oil, 
siuth as mercaptan. 

A process for which water gu« may be 
employed, and one. winch will probably be 
largely developed in the future, is that of pro¬ 
ducing hydrogen. This is done by liquefying 
or freezing out all l-lie other constituents—the 
hydrogen, which, of (m)uiho, liquefies at a much 
lower t-om])r>ralurc, bmiig left behind, while a 
more modern method relics on eatalytic reaction, 
by moans of whielt the whole of the carbon 
monoxide is eonverted to carbon dioxide. The 
CO;, is tlnui roadiiy removed by moaiiH of lime 
or washing with water under pressure. 

(leinont inanufacturei's make use of water 
gas, which IS introduced into the revolving 
kiln for the ttnishiiig-ofl process, and the gas 
finds its way into the bnck-makmg industry. 

A. M. 

I GASEOUS FUEL v. Fuel. 

I GASES, BLAST FURNACE, 7'. Fuel. 

[ GASTROSAN. Trade iianio for bismuth 

I bisabcylate. 

I GAULTHERIA OIL e. Oils, Kssential. 
i GAULTHERIASALOL. Trade name for 

I methyl salinylosaheylate. 

GAULTHERIN v. Glucosjdss. 

GEBLITOL. Sodiunt h\jdro><iilpliiie. Used 
as a disinfectant. 

GEDDA GUM v. Gums. 

OEISSOSPERMINE v. Fergiro bark. 

GELATIN, (ielatin, the purest form of gluo 
(<?.?).), may bo obtained by the aetion of hot 
water or of water in presenee of dilute acids, on 
intercellular connective tissue such as the skin, 
tendons, muscles, &,c. Hoofs, bones, intestines, 
bladders, fishbones, &c., are also made use of 
for preparing crude gelatin. 

According to the process employed by 
Nelson, the parings, <fec., of skins are scored on 
their surface, and arc digested in a dilute soda 
lyo for 10 days. They are then digested at 
70''F. in an air-tight, cement-lined vat, and are 
washed with cold water in a revolving cylinder, 
and are bleached by means of sulphurous acid 
gas. After being freed from inoistiu-e by 
pressure, they arc digosfed with water in 
earthen vessels enclosed in steam cheste, and 
the resultant solution is strained at 100““120®P. 
It is tiien solidified in a thin layer on a marble 
slab, and is washed free from acid, rediasolved 
at the lowest possible temperature, and dried in 
thin sheets on nete. According to the process 
employed, by Cox at Gorgie, near Edinbuigh, 
the hides, of which the Moulders and cheeks 
art> preferred, are washed, cut up and pulped 
by special machinery. The pulp is pressed 
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j»tween rollers, and is mixed with water and pally depends, ao that the preparation is usually 
heated^ from 150® to 212®E. A little cow’e conducted at as low a temperature and as rapidly 
-blood is added to the gelatin solution thvis pro- as possible. 

ducod, at a temperature not exceeding 170^F., Gelatin is soluble in concentrated acetic acid 
and the solution is further beaked, the scum and in mineral acids, and loses its gelatinising 

E reduced by coagulation of the blood albumen power, but the solution forms a powerful oemeS 
ei^ skimmed off. The pure solutrion re- for glass, &c. Dumoulin’s liquid glue oonsisto 
maimng is run off and solidified. As prolonged of a solution of 2 lbs. glue or gelatin in I quart 
heating impaira the gelatinising power of of wator and 7 ozs. nitric acid (1*366 ep.gr.). 
gelatin, it is preferably dried in mend. Gelatin is also soluble m alkalis, and the solu- 

Several otlior processes, not difhiiing widely tion, as well as the acid solution, is lievo- 
from the above, are also employed. mixture ! rotatory. 

of vegetable and animal charcoal is sometimes Gelatin is precipitated from solution by tannic 
used for purifying dark solutious. (Joiatin may acid, forming tannate of gelatin, similar in com- 
also bo extracted from bom^s (winch yield one- position to leather, but not capable of employ- 
third of thoir woigiii) liy causing water t o triclcle incut as a substitute for that material on account 
over (TiLslied bones, through whi<-h steam is of its want of structure. A saturated solution 
constantly passing (r/. Glue). of picric acid comjilctc'ly precipitates gelatin 

Isinglass, the diicd swimming bladder of at H'C. A mixture of Haturated picric solution 
fish, usually eontuins from Kb t<i 93 p.e. of witii 4 parts al(!ohol preeijiitates other proteins, 
gelatin. Ku.ssian isinglass is prejiared by cutting but not gelatin, ami this fact has been applied 
open and washing the bhukhu- and exposing ^it to a melliod of eHtimaf.iiig gelatin in presence of 
to the air witli the delicate silvery iimt'i' mom- other prok'ins (Hernir, lliu<-hem. Zoitsch. 1912, 
brane turned upwards. This membrane jh 47, 189), 

stripped off, kneaded m damp cloths and dried. (Jolatin ih also * tanned ' by halogens; 
According to Martin, the bladdci-s arc first 10 grams are macerakid at O'' m 600 c.c. of 
cleansed from blood in Iiut wafer, and are cut chlorine solution in lOp.o, NaGl.or with 100 o.c. 
ojien and exposed us above, the inner niernbraiie commercial sodium iiypochlonto solution diluted 
•bei^ finally remosed by beating and rubbing. I to 600 c.c . and (lontaining 2 c.c. hydrochloric 
The varieties of isinglaHs are known by ' acid, when an insoluble compound *ia formed, 
special names dependent- on the phna' of pro- , Corrosive aublimate also procipitatoa gelatin, 
iiuotion and their ap^ioarancc. The llussian ! but lentl acetates and potoasiuin forrooyanido 
varieties arc obtained from tlie sturgeon ; lira- i have not- that power. 

zilian (sometimes known as (’ayenne) from the By pi-olongod boiling with hydrolytic agents 
Siluras Parkcrii ; Manilla and liast Indian from such as sulphuric acid, gelatin 3 de[ds a high 
an uncertain source. The bhulders of cod, liako, percentage of glycine—Jeuc-ine, proline, oxypro- 
and other fish are also employed. 1/iirfi.p, 'pipr, line, but no trytophane, cystine, or tyroeine 
and 'picrfie isinglass are obtained from the un- (Lovono and Beatty, Zoitsch. physiol. Cbem. 
opened bladder, and leaf and honeycomb from 1900, 31, 105). 

the cut and opened bladder. Long or short It gives a weak positive Millon’s reaction; 
staple and book and ribbon isinglass are respec- tho xanthojiroteic, biuret, and MolUsch’s tests 
tively twisted, folded in packages, and rolled out. are positive ; tho Adamkiewicz teat is negative. 

I^ure gelatin is an amorphous, brittle, trans- The value of gelatin as a food is somewhat 
parent, tasteless, modoroiis body, neutral to test doubtful. Gelatin prepared from bones was 
paper, and absolutely permanent in dry air. It largely used by the soldiers and poor of France 
is heavier than water, and ia insoluble in alcotiol during the first Revolution, but tho idea that its* 
or other. large proportion of nitrogen rendere it valuable 

It contains about 60'0 p.e. of carbon, 6*6 p.e. as a flesh-former appears to be erroneous. It is, 
of hydrogen, 18*3 p.c. of nitrogen, and 25*1 p.e. of however, of limited value as a hoat-producer 
oxygen. According to Mulder, calcium pliospliate instead of fat and carbohydrates, 
is always present. Scblioiier finds sulphur in Gelatin differs but little in appearance from 
bone and ivory gelatin to tho exteuLnf 0'12-0*14 chovdrin, which is obtained from cartilaginous 
p.e. Von Bibra has also found it in bone tissue, but has a much higher gelatinising power 
gelatin, and Hammersten (J. Pharm. Ohim. than that substanoe. Gelatin almost invariably* 
9, 273) has found about 0*7 p.e. of sulphur in contains chondrin, and, when the proportion of 
fine commercial gelatin. that substance is high, is of t'opsiderably lees 

When moist or in solution, gelatin rapidly value, especially for the jircparation of photo- 
putrefies, and possesses the characteristic jiro- graphic emulsions, which require a maximum of 
perty of becoming-acid at the commeni^enient of tenacity. 

the change, although ammonia is finally evolved. Chondrin is precipitated from aqueous solu- 
When steeped in water, gelatin takes up from tion by acetic acid, and is not soluble in excess'. 

5 to 10 times its weight of water, a sumciont Load acetates, aluia, and tho sulphates of iron, 
c^antity to dissolve it when warmed to 30®. aluminium, and copper also precipitate chondrin. 
When immersed in dilute HCl, the volume of A rough test for the presence of chondrin in 
liquid absorbed and the concentration of anion gelatin, useful for photographic work, consiste in 
in the jelly, depend, at a given temperature, on adding a concentrated solution of chrome alum 
the ionisation and concentration of the acid to a 10 p.e. solution of the gelatin in hot water. 
(Procter, Chera. Soc. Trans, 1914, 313). ‘ If an injurious amount of chondrin be present, 

A solution containing only 1 p.e. of gelatin the gelatin will set whilst hot. Most photo* 
becomes a jelly on cooling. Prolonged or re- graphic gelatins, however, contain but little 
peated heating reduces and finally destroys this chondrin. 

property, on which the value of gelatin princi- In judging the value of gelatin, especially for 
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photography, tho following properti^ and teste j 
will be useful: (I) The a«h, according to Eder, - 
varioK from ^ p.e. in good, to 5 p.c. in inferior, ; 
and 10 p.(!. in adulterated varieties. Aooording 
to Abney, however, excellent photographic gela- I 
tins soimstimoK contain as niueli an 2 5 ji.c. i 
(2) A good gelatin will t-ake uj) from 5 to 10 times , 
its weight of cold waUa- when soaked, i.c. sufli- j 
ciont to dissolve it t>n wanning to 110(II) The 
solubilities of g(^latlns vary (‘onsiderahly. iS'el- , 
son's No. 1 will disHolv<‘ m the ordinary ' <‘old ’ 
water m warm weatln^r. and scarcely sets at 
75'l<\, wlu*reas (Joignet's gold label only iiiclts 
at. about 11(J' F., anil si.'Is lupi.lly. J<'o!' ordmarv 
]jhotogra])hn' loniilsioiiH, Abney ri^coniniends a ‘ 
mixture of ‘ hard ’ and ' soft ’ gelatins in propor¬ 
tions dependent on the weather, a good nii-\1un* i 
containing 1 part of the former t o 3 of the latter. , 
(4) 'I'lio amount of fat in tlio gelatin sliould be [ 
estimated by precipitating thiigclatm by addition ; 
of alcohol to tlie solution. l’'atty nuittiTs arc 
best, removfid by Hkimiiung the Holuiion or by ; 
making a jelly and removing the toji. (5) 'Phe ' 
colour of tjie solution, tie* t,unacity of a jelly of 
known streiigtli, and tlie ])n‘seiu‘e or absence' of 
acid, whii'h is ficqiieiitly picscnt in suflicicnt. ■ 
(|Uantity to he distingmslu'd hv taste, should 
also he noted. 

isinglass, although free from chondnn, is ' 
not availahh* for piiotograpliic )iiir])oses on ac¬ 
count of its great solubility and mfi'i'ior t-i'iiaciiv. ! 

(lelatin is largely used for eulimiry jmrposes 
as a veliiele for other miiterials, and is similarly i 
emjiloyed in hactiTiology. It is valuable for ■ 
taking casts and itnju'cssions for ch'cti'otypy. ike , 
In photography it is employed, in addilmn to its i 
UHO for golatin’dry plates, in the carbon ])rocess 
of photographic jinntnig, wliich depentls on tlie ! 
jiowcr of potassium dudiroinat-e to n'nder gi'laiiii , 
mHoluhle when evfiosed to tlie action of light. ! 
This property is also emipluyed in making an ' 
iasolublo glue oi‘ a w’aterprooling material, by , 
adding dicjirnniate to glue or gelatin just liefoie 
use. 

It is also used in dyeing, for making inking 
rollers for printing, and a.s a size for pajier 
making and paint ing. 

For clearing bem-. wine. iVe., isinglass is i 
imieli Hupm’ior to gelat in. This projierty is ! 
said by some tn be due to the tine, net-hke | 
struetiiire of tlu* former, (’oaive Brazilian! 


isinglass is usually employed. It is ‘cut’ or 
dissolved in sulphurous or other acid before use. 

I. S. M, 

GELATIN-DYNAMITE v. Explosives. 
GELIGNITE r. Explosives. 

GELOSE r . Aoah Agak, art. Gums. 

GELOXITE t\ Explosives. 

GELSEMINE a crystalline 

alkaloid occurring in the root of American wild 
jasmine, (jii.sminnn .srinpfrL'irfji.s' (dehevui. Radix 
B.}'. ; (tdsrmiiiw, U.S.B.), (Ait.) along with 
gelHemini^c ami a tiurd alkaloid, the two latter 
being amorphous and yK'lding amorjihous 
derivatives (Wormley. Amer. ,1. f’harm. 1870, 
42, 1 ; Sonncnschcin, Ber. lH7b. 9, 1182; 
(Icrrard, Fluirm..). 1882-1883. [iu. 1 13. r)()2. 041 ; 
'J’homjwon, ihitl. 1880-1887, [lii.] 17, 805; 
Spiegel, Her. HSOIl. 2(5, K45; (ki-sliny, ihuJ. 
1725 ; Goeldner, B. J'h. G. 1805, 5, .330). The 
roots have been re-(*.\amined by Moore ((!hein. 
Soc. 'J’rans. IttlO, <)7, 2223; itlll. 93, 1231). 
'riu' third alkaloid, f<("tiip> rririiir, is little known 
(.Stevenson and >Sayre, .1. Amer Hhurm. Assoc. 
1915, OO). 

}‘r(ypcrll(.s. ('ryslalli.s(‘s from actitone in 
glistening piisiiis containing I mol. of 
acetone, melts at- 178", and has [aljj-) 15‘lF in 
chloroform. 'I’lie salts (.Ty.stallisc well, B'H(3, 
in.p. 300", small prisms; BdlNUa, in.p. 280", 
glisti'iimg prisms. (h'lHi'miiie liydrochiondc is 
(iliysiologically inactive' to mammals, but 
produces HlrycliiiiiK'-like ('IlcctH in frogs. '.I'lio 
clmracicrislK- physiological action of gelsemiuin 
roots is due t<> tlie two amoijihous alkaloids, to 
one of winch the name of ‘ gelseminine ’ has been 
ajijilied. Ill general their jiliysiologieai action 
resernhles that of eoiiiino ; they are liighly toxic 
and also e.vert a inydriatu- action on the oyo 
(Gushny,/.c. ; Moore,/.f.). G. B. 

GELSEMIUM ROOT. Odmnn Radix, R.P. 
The dried rhizome and root of Qiistmiiuii, 
niluhnii. (Michaiix). 

GEMSBOK BEANS. 3’lie bean of Bauhinia 
Kscubnifi, Burch, usod as food in India and in 
tho South-V\’est i’rotcetorate of the Union of 
Soiitli Africa 'I'he bciin is conijuiscd of 48 p.c. 
of sliell and .'il p.c. of kernel and is about ^ to 
Sin. in ihameter, the averages weight being 2 
grins., and that of the Kernel 1 grin. 

An examination by Bray in the laboratory of 
the Jmjierial Institute gave tlie following results: 
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Tho bean is free from abcaloids and eyano- 
genetic glucoaides. A golden yellow limpid oil 
with a nutty flavour and agreeable taste may be 
extracted from the kernels, w’ith constants very 
similar to those of cottoiiBocd oil(Hray. Analyst, 
1921,401). 

GEMS V . PllECIOUS .STONES. 

GEMS, ARTIFICIAL. Almost all the 
mineral speeics that find an application in 
jowellory liave lioen prepared synthetically in the 
lal^ratory. These artificial products possc.ss 


the same cliemical composition and physical 
cliaractoi’w as the natural stones, from which 
tliey differ essentially only in their mode of 
origin. It i.s therefore necessary to distinguish 
between artificial (t.r. artificially produced) 
geias and imitation and counterfeit gems; the 
latter will be treated separately in the article 
Gems, Imitation and counterfeit. 

In nature, those extremely hard and in* 
tractable minerals have presumably been formed 
under conditions of nigh temperature, and 
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Those pear-shaped masses ('boules') of 
manufactured ruby (‘rubis scicntiiique,* ‘ rubia 
synth6tique ’) grow at the rate of about 12 
carats per hour, and they may attain a weight 
of 80 carats (about 16 grams). One operator 
can attend to ton or a dozen machines; and 
the total output in Paris exceeds five million 
carats (1000 Kilos, or about 1 ton) per annum. 
'J’lio price of the uncut material is less than la 
per carat. Now, the curious feature of those 
masHO-s of fused alumina is that each one of 
them is a sin^lo individual crystal, and not, ns 
might have boon cxpectoil, an aggregate of 
crystals or simply an alumina glass. Although 
tho sides of tho drop are 
smooth with a glossy 
aspect, tho rounded end 
and 
the 


pressure during long jieriods of time. It is 
therefore not to .be expected that crystals of any 
appreciable size could be produced in tho 
laboratory. The high intrinsic value of tho 
products has, however, offered an incentive to 
repeated experiments; and the production 
of corundum of gem-quality and of various 
colours has now been effected with a high 
degree of commercial huccosh and in a most un¬ 
expected manner. C'orumlum and spinel are 
tho only gom-atonoB that have, u]i to the 
present, been produced arlilicjally| of a size 
and quality suitable for jewellery. 

Diamond has been produeiMl artificially by 
H. Moissan and others (r. Diamond) ; but the 
many attomj)t.s made to induce the common 
element carbon to crystallise in this form have 

not resulted in the production of crystals larger ; (tho lost • formed 
than 0-4 inm. across. An interesting account of j upper portion 
Moissan's extensive rcHcarches in this diriu'tion 1 apparatus) is usually 
is given iii his book. Le Four Klectri<jue, 1S07 roughened with a tine 
(English translation by A. T. de Mouilpu'd, 'I'he crystalline reticulation. 
Electric Furnace, 1004). Tho narrow stem, where 

Corundum was pro<luc’cd artilicialiy firat by | the drop is broken off 
M. A. Ciaudin in 1837, and Fr6iny and Fiol in | the Hui>port, often sliows 
1877 succeeded in producing (crystals of fair size j a bright cleavage sur- 

and of a fine ruby-red colour (IC. Fr6my, Synth68c j face. 'I'lio optic axis 

du Rubis, 181)1'; v . Cokundum). Tho largest ' " ^ ’ . 

of those crystals weighed J carat (0'07 gram), 
and a few were faceted and mounted as gems ; 
but owing to tho extreme thinness of the small 
plat}' orystaLs, they wore of no commercial value. 

About the year i885 rubies of some size ap¬ 
peared mysteriously on the market, it is said 
ironi Geneva: whilst some of these wore 
optically isotropic and soft-cv then true ruby, 
being oi tho nature of almiUTia gloss, others were 
crystalline and identical with natural ruby in 
their characters. These were known as ‘ rc- 
conatruotf^d rubies,' and had probably been pro¬ 
duced by fusing together smail natural stones. 

In 1902 A. Vernouil (rroductioii artifioiolle j paroncy, oloariuws, and 
du rubis par fusion, Compt. rend. 1902, 135, | rich colours a-s natural 
791; Ann. Ohim. 1!»04, [8] 3. 20), who had j crystals of tho best gom- 
previously assisted Fr6my in his cxporimcnta, I quality. The only means 
desoribed a new and eminently successful | of distinguishing between 


usually coincides with the 
axis of till’ jicar-shapcd 
mass, and a section cut 
perpendicular to this ox- 
mbits ill the polarisiiopo 
a typical uniaxial intor- 
feronoe-figure. The sp.gr. 
{3’98-4'0), hardness, di- 
chroism, refractive indices, 
Ac., of this artificial 
corundum are the same 
lis for the natural mineral. 
1’lie material further pos¬ 
sesses the same trails- 



Verueiiirs blowpipe 
for the artificial pro¬ 
duction of ruby. 

mothod for'tlurartificiai prilduction of rubies of | tbo two is afforded by certain minute imgu- 
tho finest ecm-ciuality. Hm apparatus consists ; laritios of internal structure. With a handdons 
• - * or under the microscope, the artificial corundum 

often, though not invariably, shows minute 
rounded cavities and curved streaks ; whilst 


of an oxy-}iy<Irogoii blowpipe placed vertically, j 
tho inner o.xygen tube or which is enlarged at ^ 
its upper end to contain a fine sieve holding the | 
alumina powder used in the process. The 
periodic tapping on tho sieve of a small hammer, | 
actuated by an eleedro-magnet or a rotating j 
cam, causes a small continuous food of the : 
alumina powder to fall down, tho oxygen tube. 

Beneath the nozzle of the blowpijie is a support 

terminating in a small rod of fused alumina, tho -— -- • * ’ j 

position of which can be adjusted by screw sapphire ). In tho early expenmenta, powdered 
motions. Tho blowpipe nozzle and tlio support ; natural ruby wm used as the material. The 
are enclosed in a box in order to avoid sudden ! best ruby-tint is given by the addition of 
changes in temperature. Hydrogen was used i 21 n.o. of cliromic oxide {homogeneous y mixed 
in the early experiments, but in the commercial I with -the alumWia by precipitating .the two 
process coal-gas is used. Tho flame, with a j together from a mixed solution of ammomum 
temperature of 180O‘’-2COO°, must bo a reducing i alum and chromium alum). Smaller propor- 
one with an excess of hydrogen or carbon.^ The | tions of chromic oxide produce a lighter shade 
fine pa 
nozzle 

Stfon r^arTCcdTair which e„nl^nu“i | loWr Cobalt-oxide ^-ll not produce a blue 
to grow both in height and diameter as the oolo^ with alumina alone, but a fine blue w 


in tho natural stones tho cavities are angular 
and the streaks are straight. 

When the material supplied to the Vernouil 
blowpipe consists of pure alumina powder 
(prepared by precipitation with ammonia from 
pure ammonium alum), tbo crystallised pro¬ 
duct is perfectly colourless and clear {‘white* 

Tn f Ur, Aor'ltf AT-nArimAnM. nnwHArad 


•upport is gradually lowered. 

nf— t. 


I obtained when some magnesia (or lime) if 
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>nwentj (L. J’aritt, (lonipt. j’eud. 11)08, 147, 933 ; 

Vemetiil, ibid. 1009); but now the product, 
nstead of being corundum, iu the cuoic and 
)ptically iHotropic injnoral spinel (MgAljOi). 
\,ttompt8 to ])ro(iuco a blue corundum {i.e. 
lapphiro) liad repeatedly failed until it wae 
»btainod by A. Vornouii (Gompt. rend. 1010, 
150, 185) by the addition of titanic oxide 
TiOj, 0'5 [>.c.) and magnetic oxide of 

ron (bVgOi. 1'5 p.c.}. Analywin of thin 
,rtilicial Happliiro gave; Ai^Oj, 00’S3-!>0’85 
).e. ; TiO.^, ()'ll--0-13 ]>.r. ; j'V.Oj, trace; 
p.gr. 3'977-U’Ol {A. d. Mohoh, Amer. J. Sci. 
910, 30, 271). A peculiar Ktono which has 
M^on sold as ‘ Hyntlu'tieal alexandrite,’ e.xhibits, 
iko the true alexandntii (a varioly of ehry- 
loboryl, HcAl^O^), a green colour ]>y (h^.v- 
ight and a red (colour by lainp-liglit., this in in 
•oality artilitual (Mjriinduui, and the ehangis in 
colour may bo att.nbuled to the pn^sonee of 
;o!loidal chroiuu; oxide (iih suggiwl-i’d m the ease 
d alexandritcr by (). llauHc:!-, Zeitwch. angew. 
duun. 1910, 23, 141)4). 

HcfervnriM .—In addition to the papers by 
/erneuil and otlu'rn (juot('<l above, see .), Buyer, 
,a HyntfH'‘s(“ des jiierrea prcciciiKes, I’liiiH, 1909; 
t. IlrauiiH, Uber kuasthelu* ICdelstoine, Aus dor 
vfatur. Jalirg. 1908 9, 047; iiH)9, 51; J. 
;tlMeiird, 1,0s I’lerroH ])r6cuuisoH, Baris, 1914. 

On Die artiticial production of minerals in 
renoral. str G. IlourgiMiiB, Itofirodiud-ion arti- 
iciello des miii 6 rtiux, f*ans, 1884 (EncycL chim. 
lo Fr 6 m_\); 1*. Tsiiiirwinsky, Reproduction 

kTtilieielle <le min 6 raux au XlX® si^rle. KiolT, 
1903-190(5. L. .1, S. 

GEMS, IMITATION AND COUNTERFEIT. 

pointed out in the prec«‘ding article, it is 
iOcesBary to distriiiguish between artitiiual (i.c. 
irtifieialiy jiroduccil) gems and imitation and 
lountorfeit gems. Owing to their rarity and 
ligh value, gnm^sioMos have been imitated in 
.•arioiw kinds of luatcnal since very early limes. 
l‘’or instance, altlioiigli a lew of the ancient 
'Igypt-ian siuirabH wiTc cut in gmiume tunpioise. 
iho groat majority of them were made of a blue 
lottery or faience; and amongst the Romans, 
•oloured glass was used for the imitation of the 
.oirious transparent coloured gem-stones. 

Tho material most oxtcn.sivcly used for the 
nanufftcture of imitation gems is a heavy lead 
flint) glaas known as pasle or strass. This is 
prepared by fusing in a crucible a mixture of 
Dowdored rock-crystal (SiOg, 38-59 p.c.). red lead 
PbgOg, 2S--53p.c.),potassium carbonate (K 3 CO 3 , 
i-14 p.c.), together with a small proportion of 
>orax, white arHcnic, or saltpetre. Different 
•ecipee vary widely^ the amount of lead present 
lepending on the refractive index of tho gem to 
30 imitated. A (len.se flint-glass of ap.gr. 3‘r>4 
'■.f. about the same as diamond) has «p=l’()118 
md dispersion Wy'- /)^/=0-0315 ; and an oxtra- 
lensft flint-glass of sp.gr. S'CO^ has 7 Ji,=)' 7784 
ind dispersion tiq*—»^»= 0'05<>8 (the corre- 
ipondiug values for diamond being 2‘4173 and 
)‘0574 respoctivelv). Optical values still higher 
ire obtained by "replacing the potassium by 
thallium ; the sp.gr. of a thallium-lead gloss 
may be as high as 5’6. To obtain tho host 
results in the manufskoture of atraas, the materials 
employed must be (^uite pore; and the fusion 
oarefwy conducted, in order to avoid bubbles 


I and stroaka. Imitation diamonds (so-called 
I * Parisian diamonds,’ &o.) oro cut from tho 
colourless poslo. To prepare coloured pastes 
the colourless paste is powdered, intimately 
mixed with various metallic oxides or other 
substances, and again fused. A blue colour is 
obtained with (sobalt oxide; green, with cupric 
oxide or chromic oxide; red, with cuprous 
oxide, gold <-lilonde, or purple of Cassius; 
yellow, witli silver chloride, antimony oxide or 
r(id antimony, or (in icadhvss glasses) with coal 
and a littlii'maiiganese oxide; black, with tin 
oxide, manganese oxide, and iiamnior-slag. An 
opaque wlnte glass, or enamel, is obtained by 
tho addition of tin oxide, calcium phosphate, or 
bone-ashes ; this may be suitably coloured lo 
imitate opaque stones {c.f/. turquoise) by the 
addition of metallic oxides. 

'fhcjic gla.s.scH often alford very clever 
imitations of the various precious stones, re¬ 
sembling them so closely, indeed, that without 
oxaminalion they may tie readily mistaken for 
tho genuine article. They are, however, all 
remarkable for thoir low degree of hardness, lews 
than Dial' of ordinary window-glass, and they 
can 1)0 readily scratclied with a knife. -In 
course of time, they disjjlay a dark leaden 
barnrsh on thoir surface, and when worn in 
jewellery thoir edges boconic. rubbed and 
ebi})i)od. When oxarniiicd with a magnifying- 
Ions, bubbl(‘S and stroaks aie often to bo soon 
ill Dunn Optically they ai’c isotrojuc and 
lacking in dicliroisni. 

To avoid tho ciTocts of abrasion in wear, and 
also no doubt as 11 deception in ease tlio test of 
hardness is applied, these soft materials are 
sometimes faced with a harder material such as 
roek-erystal or colourless topaz, in the donhlet, 
tho upjier portion, above the girdle, consists of 
thin harder, colourless material, whilo the lower 
portion, protected in the sel/ting. consists of 
coloured sbrass which imparts its fine colour and 
, brilliancy to the whole. Tho triplet consists of 
an tipjjcr and a lower portion of harder material, 
wiDi a layer of tho coloured strass between. 
Su<;h counterfeits can, of course, be readily 
detected wlien tlii^ unmounted gern is viewed 
sideways, but when it i.s mounted in its setting 
detection is not so ousy. Doublets and iriplebs 
arc also built u[» of genuine stones, with the 
object of inqiroving tho colour, and of pro¬ 
ducing a gem of larger size. 

Another kind of fraud sometimes practised 
I with precious stones is the substitution of less 
' valuable stones for more valuable. Unfortu¬ 
nately, the nomenclature of gems, as adopted by 
jewellers, rather offers an opening in this direc¬ 
tion. Thus stones of a red colour are often- 
known collectively as ruby with some qualifying 
prefix; e .< j . ‘spinel-ruby’ (=8pinel5, ‘Cape 
ruby’ ( = nyropc garnet), and ‘Siberian ruby’ 

' (=:t()urnialino), the true ruby (‘ Oriental ruby ’ 
of jowellers) being, of course, corundum; or 
again, ‘ Oriental emerald ’ (—corundum), ‘ Ural- 
iaii emerald’ (=demantoid garnet), ‘lithia- 
emerald' (— spodumono) and ‘Brazilian emer¬ 
ald’ (=: tourmaline), the true emerald being 
beryl of a graas-green colour. In the same way, 
yellow quartz (‘Spanish topaz’ or ‘ Oooidenw 
topaz ’) is often mistaken for and sold as topas. 
j Other deceptive tj^rms of a like nature are 
' ‘ Marmoroeoh diamonds,t ‘ Cornish diamondB«* 
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* Bristol diamondu,' &c., for small sparklins j GENTIAN. Qenlianoa radixt B. T.; GeiUiana, 
crystals of quartz; and ‘Matura diamonda^ j U.S.P. {Racine de Oeniiane, Fr.; Enzian-^ 
(from Matura in Coylon) for zircon of a brilliant j wurzel, Ger.) The dried root of the OefUiana 
lustre^ which has been decolorised by the | lutea (Linn.) (Bentl. a. Trim. 182) is used in 
applioation of heat. The latter, as well as \ medicine as a bitter tonic. Its physiological 
colourless corundum (‘ white sapphire ’), have • activity appears to depend upon the presence 
occasionally been passed off as diamonds. of 2 p.c. of a hittiir crystalline glucoside, genlio- 

Other attempts have been made to produce : (jnitianbdter, or (jeuiUiiiiJi, which was 

gems of much the same chemical composition as i obtaiueil in a definite form by Kromayer 
the genuine atones. For example, green glasa ; (Arch. Pharm, 110, 25). 

with the composition of emerald. V<iry success- , prepare geutiopicrin, tlie fresh gentian 

ful imitations of turquoise have beonl^obtaini^d I’oot. la (uit into small pieces and quickly dropped 
by submitting to prosaure a precipitate having nito boiling alcohol in order to destroy the 
the same composition as the natural mineral. ; fmiiient which i.s present in the root and would 
The artificial colouring of natural stonos is ; otfierwi.se lead to loss of glm'.oside. Carefully 
also extensively practised. Almost alt cut , dnoil roots may, however, bo used (Bourquelofe 
agates have been so treated{c. Aoatk). Chaleo- ^^^d lirulol, J. Pharm. Chim. 1910, [vii.] 1, 150). 
dony (^aii be so cleviirly coloured a delii.'ato The liquid is boiled for 30 minutes, cooled, and 
green with salts of nickel or chromium, as to filtered. The alcohol is then removed by 
be practically indistingui.shablc from the more ! evaporation, the residual liquid mixed with 
oxp(;nsiv(; chrysopras<' A jiale-coloured jasper I cah-iutn carbonate, filtered, evaporated to a 
or hornstoue, <|uarrio(l at Nunkirchon, near «yrup. and allowed to stand for a fortnight to 
Morzig, in Hhiho Province, \« coloured artiticiallv , crysialliHc. The crystals obtained are purified 
hy soaking first in a Hulution of ferrous Kulpliato ij.v recrystallisation Irom a mixture of equal 
and afterwards in one of potassium icrro- volumes of chloroform and 95 p.c. alcohol 
cyanide. Beads and other small omaniGnts of (lioijrquelot and Hcrissey, Compt. rend. 131, 
this niatorial are out at Oberstein and are now 113). Gontiopiiirin has tl’io composition 
(1921) sold in largo quarititiefl as ‘lapis-lazuli.’ i f’ u n ii-r n 

It is readily distinguishod fmm true lapis- : 

lazuli by its greater hurdnes.s and density, and i t molts at 122 “, or, when anhydrous, at 191® 
by tlie presence of small patches of orystalUno ; (Tanrot, ibid. 1905, 141, 207). By tho action of 
quartz, whioh does not take this colour. dilute acids or cmulsin, gontiopicrin breaks up 

colour of many gom-slomvi can bo uhangod )>y mto dextrose, and of gentiogenin, CioHig 04 
heating or by (ixposuro to tho (‘mauations of needles, m.p. 185®, winch is soluble in aloohoL 
radium. A trick of tho meanest kind is to but almost insoluble in water, and not bitter 
smear violet ink or otfior bluish colouring (Tanrot). 

matter on tlie surface of a yellowish (‘off- Tho mother liquors resulting from the 
colourod ’) diamond, so giving it tho appoaranco purification of gontiopicrin contain a glucoside, 
of a colourless gem. geniiin C 3 J 5 II 2 HOJ 4 , which forms microscopio 

RpferenceN .—M. Bauer, Precious Sioiuis, yellow noodles, ra.p. 274° (docomp.). 

English transl. by L. J. ,Spencer, 1904; J. ft is slowly hydrolysod by (lilul>o Hulphurio ooid 
Escard, Les Piorros pr 6 ciouMcs, Paris, 1914. ’ ' forming dextrose (L mol.), xylose 

L. . 1 . S. (1 raol.), and genticnm C^KjoOj (1 mol.). 


GENESERINE, GENESEROLINE, ?>. Ordeal 
UBAN. 

GENISTA TINCTORIA v . Dybk’h broom. 

GENISTEIN f. Dyer ’h broom. I 

GENISTEINE a homologue of 

sparteine, and found associated with that alka¬ 
loid 4n the common broom, and may bo isolated 
from the mother liquor from the (“r^’Btalliflation 
of sparteine sulphate; m.p. HO'O®,‘b.p. 177°- 
178° (uncorr.) at 22 mm. It forms a hydrate i 
CieHjBNajHjO, which molts with loss of water ' 
at 117°; [a]p=—52’34 in absolute alcohol 

(4 p.c. sol.). Gonistoino is a saturated base, j 
not reducing permanganate in acid solution; I 
it does not contain a motlioxyl group attached ! 
to iiitri^on. It is a di-acid base (mono-acid 
to phonol-jS-phthalein), yielding a picrate 

C„H33N,.2C,H.,(0H)(N03)a 


m.p. 216° (decomp.), and a platmo-cldoride 
Ci«H 2 gN 2 , 2 HCl,Pt<Jl 4 , 2 - 6 H 30 , which loses its 
water at 110°, and decomposes at 235° with¬ 
out melting (Valeur, J. Pharm. Chim. 1913 8 
573). 

GENTHITE v . Gabvibbitb. 



^26 ^2 8^^ 14 4" 

The last-named compound, on heating, btwins 
to sublime at 19.5° and melts at 225°. It is iso¬ 
meric with gentisin, another constituent of 
gentian to be described presently, but melts at a 
lower temperature, ana gives a yellow colora¬ 
tion with nitric acid. Gentisin, under theee 
circumstances, gives a green colour (Tanret, 
Compt. rend. 141, 203). The alcoholic extract of 
gentian root, irom which gontiopicrin separates, 
also contains a third, amorpnous, glucoside, 
je?iria7nart>4, which has the compositionC, 4 H,,Oiq 
or CiaHjgOio- On hydrolysis with acids, 
gentiamarin yields an amorphous brown 
substance; with omulsin, dextrose and an 
amorphous maroon-coloured substance distinct 
from gantiogenin «(Tanret, Bull. Soc. chim. 
1906, fiii.] 33, 1071). 

Gentian also contains, in very small propor¬ 
tion, another compound which, though physio- 
logically inactive, is much bettor known. It is 
a yellow cr 3 ^talline acid, gentianic acidt gen~ 
tisin, or gefUianin Ci 4 KioO«, and by the earlier 
investigators (Gm. 16, 178) was confused with 
gentian-bitter or gentiopicrin, and to both these 
compounds the name ’gentianin’' has been 
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applied (Henry and (laventou, J. I’harm. 
Chim. 7, 173 ; Troinhisdorff, Annalon, 21, 134 ; 
Leconte, ihid. 25, 202 ; Baumert, ibid. 02, 106 ; 
Hlasiwetz and Jlabcrmaim, ibid. 175, 03 ; 
180, 34K). 

(jiontmifi crywtallimis in largo pale-yellow 
Milky noodles. Heated to 200'% it darkens in 
colour, and sublimes with decomposition .at 
3(M)‘^-400''. Jt is nearly insoluble in water, at 
1(P, 1 part requiring 3(530 parts of wat<ir lor 
solution, but in alkaline solutions and in hot 
alcohol it dissolves readily. Molted with ^loiasli, 
acetic acid, phlorogluciii and gentisic acid 

CqH,(IX)1)H)(UH){OH) 

(I ; 2 : 5) aro formed (H. and K.). 

(jentisin has been obtained Hynthetically by 
Kostanooki and 'Panibor (.Monatsh. 15, 1), and 
is tho inotliyl other of gentisciu, 1:3; 7-tn- 

hydro.vyxauthono OU'tInIl 3 <,(^^^P>CftH;j(OH)^,. 

I’octin IS ]>ro8(‘iit in gentian root m largo 
n’oportion. This yiolds inueu' acid on oxidation 
ly dilute nitvie acid and arabinoso on hydrolysis 
with dilulro sul])iiiiri(’ acid (Bourqiielot and 
IlorisBcy, J. J'harm. (IJiiin. [vi,! 8, 40). 1^’or- 
incutalj'le sugar is present m so large a propor¬ 
tion that iti has led to tho rout being employed 
in Switzerland and Bavaria in the inanufaeturo 
ot spirit {m‘. below), hwestigationa earned out 
by Bonrquelot and his eo-workers (Hourqueiot 
and Nardin, i'onqit. rend. 126, 280 ; Bourquelot 
and H6risBey, ibid. 131, 750; 135, 200) show 
that fresh gentian root contains (/('tifia/ioac, a 
hoxotriose, ('nll.jj()ia, which melts at 207'’ -20y% 
and is dextro-rotatory. It does not reduce 
BarreMwil's (bVliling's) Mulutioii, but, if boded 
with dilute suljdiunc aeid or acted upon by 
invortaae, it becomes Inevo-rotatory, and acquires 
considerable reducing power, luiving become 
hydrolysed into huvuTose and a now hoxobiosc, 
(jentiobioAc, which, by more vigorous treatment, 
can be hydrolysed into 2 molecules of dextrose. 
For derivatives v. Hudson and Johnson, J. Amcr. 
phem. Soc. 1617, 36, Li72. 

For tho detection of gentian-bitter in beer, 
V. Dragondorff {('hi'ni. Zentr. 1881,285 and 260); 
Allen (Analyst, 12, 107 ; 13, 43). 

Various other species of gentian contain 
gontiopicrin and gontianosc (Brulel, J. I’hanu. 
Chim. 1613, [vn.j 7, 286, 3})2, 48(5; 1614, (vii.] 
10, (52; Compt.'rend. 1612, 155, 11(54; 1913, 
15(5, (527); hut (/. aainlift roots contain no 
gontiapiorin but (fcntiitamlin, (' 47 HgoUyg, m.p. 
l45°-100‘',[alj>—()3'84° (Bridcl, J. Pharm. Chim. 
1913, [vii.) H. 241 ; 1914, j vii.] 10, 326). For 
seasonal variations of constituouts in 0. lulm, v. 
Bridol (J. i’harm. Chim. 1911, [vii.] 3, 294). 
Gentiopicrin, 2 p.c., slightly increased in June 
and July; gontianose, 3-5 p.c., maximum in 
September; in May and Jupo it is replaced by 
gontiobiose. G. B. 

GENTIAN BLUE 6 B. Spirit Soluble Blue, 
Spirit Blue 0, Opal Blue v. Tripiienylmkthane 

COLOURING MATTBR8. 

GENTIAN ROOT. The Oentiana lulea (Linn.), 
from which the gentian root is derived, chiotly 
ocours in mountaiunus districts, especially in 
Switzerland and tho Tyrol. There is present 
in the rout of this and other species of gei^iaua a 


bitter principle which is said to possess valuable 
tonic virtues, and on this account some quantity 
of tho material is imported into this country for 
medicinal purposes. 

Ocntisiji, the colouring matter of gentian 
root, was lirst isolated by Henry and Cavontou 
(J. Pharra. Chim. 1821, 178), and was shown by 
BaunuTt (Annalcn, (52, 10(5) to possess the 
fcinnula CjjlTjyOs. Hlasiwotz and Haberraann 
[ibid. 175, (53 ; 180, 343), Homewhat later, found 
that gcntisin contains two hydroxyl groups, 
and wluifi fused with potassium hydroxide, 
pkloro/jliiemol and gentime- acid (hydroquinono 
carlioxylic acid) are produced from it. By tho 
action of hydrochloric acid on fused gontisin, 
I methyl chloride wa.s ovolviid, a probable indica¬ 
tion of the jircsence of a mothuxy-group. To 
prepare gcntisin (BauiiKMt, l.c.), the root is well 
1 washed with W'ater, thou extracted with alcohol, 
I and the extract evaporated to a small bulk. Tho 
I residue is washed with water to remove tho 
: bitUir pnncijilc, and tlien with cthor to extract 
jilant wax. For puriiieation, tho crude colouring 
i niattor is repeatedly eryKtallised from alcohol : 
; 10 kilos, of the rout, yield about 4 grama of the 
substance. (Jentisin crystalliaos in yellow 
noodles, is Hjiaringly .soluble in alcohol, and 
dissolved in alkaline solutions with a yellow 
culoiir. 

(kniuc.iu (jijH r 05 , 2 H 2 U. Whon gentisin is 
digested with boiling hydriodic acid, it is con* 
vorted into gcntisein witn evolution of 1 moloculo 
I of mothyi iodide, (aontisein consists of straw- 
j yellow neodloa, molting at 315'^, and gives with 
: sodium amalgam a blood-rod coloration, 
j whoroaH gontisin, by a similar method, yiolds a 
j dee[) green-coloured li([uid (v. Kostanocki, 
Monatsli. 12, 205). By the action of acotio 
anhydrido, gontisein is converted into a iriacctyl 
dorivativp,CiaH 50 c,((J 2 H 30 ) 3 , noodles, ra.p. 226® 
(V. Kostanoi'ki. be.}; but on methylation with 
motliyl iodide, a dimethyl ether 

yellow iicodles, m.p. 167°, is produced (v. Kosfa- 
necki and Schmidt, Monatsh. 12, 318). 

Partial methylation converts gentisein into 
gentisin, and it la thus certain that tho latter 
! connintB ()(genliscinmnnomethylcihcr. V. Kostft- 
nocki and Tambor (Monatsh. 15, 1) obtained 
gentisein by distilling a mixture of phloro- 
glucinol amf hydroquinono carboxylic acid with 
acetic anhydrido 



and its constitution is therefore represented as 
1:3: 7-trihydroxy-xauthone. By a study of did- 
azobenzene-gentisin: Ci4H90s(CtH|Na)|, scarlet- 
rod noodles, m.p. 251®-252® (Perkin, (3he^ Soo. 
Trans. 73, 1028), which gives the diaoetyi deri- 
I vative, C,4H404(CjHj0),(C|HjNt)j, orange-red 
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needles, m.p. 218°-220*’, it has been shown that 
gentisin itself possesses the constitution T. 



As geutiHiii yields by means of methyl iodide 
only a monomethyl ether, the original m<‘thoxy- 
group cannot he in the position (1). On the other 
hand, if gentisin is rej>rescnted by t he formula IJ, 
the azobonzone groups would enter tin* positions 
4 and 2, and from such a coinjiouiid an aeotyl- 
(lorivativo cannot be obtained (comjiaro aov- 
azobe.nzenc, j)kloro(flucniol) 

(Jontisin is a feeble dyestulf, and gives on 
wool morduiitod with chromium, aluminium, 
and tin rospoctively, iialo-groiui yellow, pale 
bright yellow, and vcM-y pale (Team-coloured 
shades (Perkin and Humnicn, Cliem. Soe. Trans. 
1890, (59, 1290). A. 0. P. 

GENTIANIC ACID v . (Jkntian. 

6ENTIAN0SE r. (lAimonymtATEs. 

GENTIIN r. Olih'osideh. 

GENTIOPICRIN r. Oentian; ulso Oi.uoo- 

fllDZS. 

GENTISIC ACID r. (Irntian and Proto- 
CATEOHUIO ACin. 

GEOLYTE c. Zeolites. 

GEOSOTE a. iSynthetio ijruu.s. 

GERANINE v. Azo- coloukiku matters j 
and pRTMULTNE. I 

GERANIUM OIL v . Oils, PJasuntial. 
GERMANIUM, do. At. wi. 72T> (Winkler), is | 
the ekasilicon predicted by Mendel6efr. It was j 
discovered by Winkler in 1800 in arfjijrodiic \ 
GeS2,4Ag2‘^. in which it is jireseiit to tlio extent j 
of about 0-7 p.e. (Kolbock, Centr. Min. 1908. I 
331). It is also prc-sent in canJifMiie., franckeite, j 
and brong?iuirditc (Prior and Spencer, Min. Mag. j 
1898, 12, 5 ; Shroutscholl, J. Push. Phys. C-heiu. j 
Soc, 1892, 1.30), but its proHcncc in euxenite and j 
saTnamkitf has been denied by Lineio (Centr. 
Min. 1904, 142). According to Buchanan (J. 
Ind. Eng. Chem. 1917, 9, 001), small (juantitiefl 
of germanium are present in ^VlScoIwin and 
Missouri zinc orijs and tend to become con- : 
oentrated in the residues remaining in the | 
retorts. The metal is obtained by the n^duc- | 
tion of the dioxide with carbon at a red heat. : 
It is a greyish-white, brittle, readily powdered 
lustrous metal of ap-gr. 5*4(59, which melts at 
958®±6®, and does not volatilise at 1350®. It 
oxidises in air at high temperatures, combines 
directly with the halogens, is insoluble in hydro¬ 
chloric acid, and dissolves in aqua rf-gia, forming 
the dioxide. 

Compounds. —The metal is tetravalent, and 
its oompounds resemble those of the silicon group. 

Oermanium dioxide GcOj is obtained from 
argyrodito by treatment with nitre and 
potassium carbonate at a red heat, then with 
acid, after which it is purified by being con¬ 
vert^ into the sulphide, which is roasted and 
treated with nitric acid. TRe oxide forms n 
white powder having aeid properties, but 


soluble in acids, and ia readily reduced by carbon, 
sodium or magneeium. A colloidal solution of 
germanium hydroxide is obtained by decom¬ 
posing an alkaline solution of tlic dioxide with 
carbon dioxide*. 

Gcrttumou.-< ondc (h'O is a grcyiah-black 
powd(T, mid the corrospoiiding Iiydroxide 
(. 1 c(OH )2 !s a yellow jiowdiT obtained, by tho 
j action of alkalis on germanium chloroform or 
j chlondc. Ai*eording to llantzseh (Zoitsch. 

; aiiorg. (3iom. It5()2. 30. 289). in aijnoous solution 
; it is a weak mdnobasH* acid, and has the oon- 
j stitution IKh'O'OH, being analogous to formic 
: acid. 

(hrumumm, chlorofotm (IcHCl;, is obtained 
! when gennamum is heated in a current of 
hydrogen chiorule, a coUnirlcss Iniuid being thus 
; formed, which separates into two layci's, of which 
I th(i iKi.avier ia germanium chloroform ; it is a 
colourless fuming Iniuid, b.p. 7.5®. 'I'lie lighter 
. liijuid IS yernumiuia oxi/cftloi'idf (letK!!.^ ; it i.s 
i similar m jiroperties to the chloroform, bub is 
less mobile, and boils above 100 ®. (hrminiunb 
: dichlondc iHrathloridv (»oCl 4 , and 

; tho corresponding t('trabromid(“. -iodide, and 
j oLhule (teRt 4 , are also known. 

I Germinium t^irajluoride <ieK 4 , 3 HaO com- 
I bines with liydrolluonc acid, forming 
Jiitonc acid, of which tlio potan’mi'm salt K.dloF| 
forms hexagonal crystals iBuniorphous with 
those of ammonium adieofiuorido. 

I O'p.nttauiitm diHnlfihide (leSj is tho most 
I eliaraoteristfc of the germanium derivatives, and 
is prepared by passing suljiliuretted hydr< 3 gen 
in a solution of germanium dioxide; it U a 
white powder, soluble in water to some extent 
and in ammonium sulphide (Vogolon, Zoitsch. 
anorg. Clhciii. 1902, 30, 329), The monosul- 
pliido GeS and thiogermanates are also known 
(J. pr. (3iem. 1887, [2] 3(5, 177 ; Bcr. 1888, 21, 
131). 

GerfuuMam. hydride C 0 II 4 is formed when 
germanium chloride is reduced with sodium 
amalgam. It is also formed tis a mirror in tho 
Marsh apparatus, os in the arsenic tost. The 
mirror is rixi by transmitted and green by rcHceted 
light, is soluble in sodium hypochlorite, biffc 
with difliculty in hot hydrochloric acid. With 
sulphuretted hydrogen it forms the sulphide ; 
heated in air it gives the dioxide, whilst with 
silver nitrate it forms a black silver germanium 
compound, probably GeAg 4 (Vogelon, l.c. 326). 

GERMAN SILVER v. Nickel 

GERMOL. A disinfectant consisting of 
crude crcsols. 

GERSDORFFITE. Sulph-arsenide of nickel, 
NiAsS, crystallised in the cubic system. Tho 
nickel ( 35*4 p.c. according to the formula) is 
usually partly replaced isomorphously by iron, 
and less often by cobalt, Anal^os show Ni 
l()*24r-35-97 p.c., with Fo nil-r6*64 and Co 
nil-1412 p.c. Crystals are usually octahedral 
in habit, and they show good cleavages parallel 
to the faces of the cube. The colour is steel- 
grey with metallic lustre, but usually tho 
material is tarnished and dull black ; the streak 
is greyish-black. Sp.gr. 6'0-0‘2; H. 5. The 
mineral occurs in metalliferous veins, and has 
been recorded from several localitiea in Cen^l 
Europe; also from Loch Fyne in Sootland, 
Sudbury in Ontario, &c. L. J. S, 

GE81MT V, E^^plqhives. 
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GETAH WAX. 


GETAH WAX r. Waxbs. 

6ETALIN, GITONIN, v. Digitalis. 
GEYSERITE or SILICEOUS SINTER. (Ger. 
KieM.unlrr.) An opalino form of hydrated 
silica (lepoHitcul by ilio hot springs (geysers) of 
volcanic regions. It ih wlvito or greyish in 
colour ami poroun m texture. On the exterior 
it usually asHumea fantastic shaj>es-•stalactitic, 
filiform, and (ouilitlowcr-hkc. masHOs - and it is 
Homotinies fouiul oncruHting plants (Jomjiact- 
ma8Hiv(s and j)ulvcrulent fortiw also occur. 
Sp.gr. 18-2’(). The iniiteria! consisU of ncaily 
pure silica, SiO^ 82 !>7 p.o. with llgD 3-10 ]»•(!., 
and small amounts of aluminium, iron, cah tum. 
inagnosium, ami alkalis. 1 mmcn.se <lc])osith 
occur in Icolund, Now Zealand, Lu/.on in the 
I'hilippinc IslaTuls. A'/.on^n, and Vcllowstoiio 
National I’ark in Wyoming. Its ns(! lias hcon 
Hiiggoatod for tlu* iminufacturo of iiorcclain. 
glass, Hilica-glasB, &<■ . and as an inert tilling 
material. ■!. S. 

GHATTI V. (ivMs. 

GHEDDA or EAST INDIAN WAX. J)ilfers 
from ordinary beeswax in containing only one 
alcohol, cnryl alcidiol, jin'sent in the form of 
esters. M.j). (52''’ 03 ', solidifies at !)*)"■ .78'', acid 
value rt-l'T), cstrn- value 8»l !)2, 

'I’hc wax oonlain.s ii])])roxinuitely 48 p.c. of 
ceryl alcohol, T) p.c. ot heptacosane, 

2 p.o. of hentriaoontam‘, (-njllg,. 24-25 p.c. of 
liydroxyniargano ac id. 1*1711.14113, m.p. 56'’--50', 
|•5-2]^.c of an isomeric hydroxymargario acid, 
in.p. 71 "-72*'. O ' 10 p.o. of Miargarie acid, 8-0 p.c. 
of palmitic acid. 2 p.e of “<Iheilda" acid, and 
1 pc. of cerotic acid, with traces of formic, 
acetic and butyric acids and tuny matter. 

“(Jhmhla " acid (1?), m.p. 04‘5 -05', 
forms mossy aggrogates of white needles; 
sparingly soluble in ether. (Lipp and col¬ 
laborators, J. pr. (’horn., 1012. [ii.j 8(>, ISl; 
idem. lOiO, (ii-J 00. 243, 00, 251).) 

GHEE. A clanlicd butt-er used in the Ea.'it 
mainly for cooking. 

GIALLOLINO or NAPLES YELLOW t’. 

l*IOMBNTS. 

GIANT POWDER r. K.xi losivbs. i 

GIBBSITEorHYDRARGILUTE. Hydrated 
alumina, Al.^Oj’Oll.^O (Aldla 1)5*4 p.o.), crystal¬ 
lised in the monoclinic system. It usually lorms 
white or greyish, stalactitio or mamillati'd, 
encrusting ina8se.s. (Irystals, to wliic^h tlie 
name hyarargiUito is more particularly applied, 
have the form of thin six-aided plates with a 
pearly lustre on the perfect basal cleavage ; 
these are found in a magnetite-bearing schist at 
Shishinisk, near Zlatoust in the Urals, and in 
nepheline-syenite in the Langeaund-fjord, Nor¬ 
way. Sp.gr. 2*3-2*4 ; H. 2J-3J. A bed, about 
a foot in thickness, of nodular platce of amor- 
phoos material is found beneath the soil over- 
Wing igneous rocks over a wide area in the Palni 
.nillB in Madraa. As a constituent of Jiauxite 
and laterite it is of wide distribution, and it has 
also been identified in some highly aluminous 
fire-olays. If found in sufficient quantity jt 
would oe of value as an aluminium ore. 

L. J. S. 

OILO7 GOLANCIfA^ and GULOH. Indian 
names for Tinoapora cordifolia (Miors). This 
plant Aourishoa in India, the drug being sold 
exteaaivtd^ in the hataars as a tonic and anti- 
periodic^n the form of oylindrieal pieces, 2 to 


5 om. .long and 1 to 5 om. in diameter. It is a 
perennial creeper, climbing to the summit of the 
highest trees, its branches putting forth roots 
which, reaching to the ground, initiate a fresh 
growth. Roots, stem, and leaves are equally 
ill demand as a di’ug. Tlio Indian pharmacopoeia 
commends its use as a tincture (4 to 8 c.c. in 
die); as an ext ract (0‘t) gram to 1 gram pei^iem 
ju the form of pills); and as an infusion (1 : 10), 
of which ()U c.c. to 90 c.c. arc to be taken thrice 
a day The stems contain vorborin, an un* 
orystallis!^lie bitter substance, changed by 
(liliiU*. siilphunc aciil into a glucoside, and a 
bitt<T kind of starch meal known as ‘ palo ’ 
(•I. !Soc. (Jhom. Ind. (i, 40). 

GILSONITE. A mineral hydrocarbon occur- 
ing in Utah, the Phili^ipinea, and elsewhere, 
u.sod in the paving industry, and in the manU' 
faeturo of oltHd riiral insulat ors, roofing materials, 
for watorjirooling pipes and aqueducts, pre¬ 
venting corrosion of iron plates of ship's bottoms, 
coating wire fencing, sea-walls, poles, &c., 
lining tanks for chemicals, paints, lubricants 
for heavy machinery, rubber substitute, binder 
for briquettes, c‘liC. 

GIN or GENEVA is a spirit.iious liquor made 
from spirit derived from gram and distilled with 
juniper herries and other llavouring eubstances. 
The t-orm is a corruption of the word ‘ gcnikvrt ’ 
or ^ junci'er^^ tliu Kreiieh and Dutch cquivalonta 
respectively for yuioprr, which is tlio essential 
Havouring ingrodiont. 

The princijial varieties are tlic English, 
known as ‘gin,’ and tlic Dutch, described as 
Mieneva,’ ‘Hollands,’ and ‘ ISehnajijis.’ The 
dill'erenee between them is eliiefiy one of flavour, 
and each manufacturer lias liis own sjiecial 
recipe, whicli is carefully jirose.rved as a trade 
seenT. The jirineipal tlavouring ingrodiontB 
used besides juniper are angelica root, almond 
cak(‘, calamus root, cardamom seeds, cassia 
buds, coriander seeds, creosotrc, liquorice powder, 
orris root, sweet fennel, and turpentine. 

The grain used is almost invariably a mixture 
of maize, malt, and rye, the jiroportions being 
usually about 75 p.c. maize, 15 p.c. malt, and 
10 p.c. ryo for English gin, and about equal parts 
of each for the Dutch varieties, although some- 
l times maize is absent. 

! ^ During the Napoleonic wars at tlie beginning 
of the last century, tho use of corn, owing to its 
I scarcity, wji^ prohibited in tho United Kingdom 
j for tho manufacture of spirit, and the manu¬ 
facturers had recourse to inolasHo.s or low-grade 
■ sugar. This, however, produces a very inJerior 
i quality of gin, which is essentially a grain spirit, 
but it is still niade, chiefly for exportation, by 
the addition 01 juniper oil or similar flavouring 
agent to the crude spirit. 

In England, patent-still spirit is generally 
employed as a basis, but it is preferably not 
rectified so highly os to deprive it of the charac- 
^ toriatio flavour of grain spirit. The flavouring 
ingredients are in some cases added directly or 
' they are separately distilled and the distillate 
added to the spirit to be flavoured. Another 
and probably the beat method is to redistil the 
: spirit, after the addition of the flavowne 
, ingredients, in a kind of pot-atill with a long lead 
, or other simple rectifying arrangement. 

J In Holland, the murnfacture is carried on 
mainly at Schiedam, where p<^tjUl^p|^ohiefly 
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employed. The spirit is subjected to three or 
four roctificetions, when it is known os ‘ roout* 
wijn ’ or ‘ maltwino.’ This is sold to the manu¬ 
facturers of Geneva or Hollands who flavour it 
by methods similar to those above described for 
English gin. 

The best ‘ Hollands ’ is said to be ]»repaix*d 
as fellows : A mixture of two measures of ground 
rye with one raeasuro of ground barley mult is 
mashed with about 24- gallons of water for each 
cwt. of the mixed meal. The moahing being 
completed, the sp.gr. of the wort is deduced by 
cold water to between 1033 and 103H. it is 
tlion fermented, afU'r whicli the whole is thrown 
into a Htill. I’o the first product of distillation, 
called low wines, a varying jiroportion of juniper 
berries with a little salt is added, and it is re- | 
distilled. The spirit wliich now passes over is i 
flavoured witii essentia! oils or rosins derived ; 
from the juiiijier as widl as from the rye and j 
barley used in browing. i 

Sweetened gin {t.g. ' Old Tom ’ and " Old | 
Geneva ’) is made by the adiUlion of sugar l 
.syrup to plain gin. The syru]i is prepared by ' 
dissolving refined sugar in its own weight of | 
pure water. .Sometimes it is flavoured with 
orange-flower watej’, aiidis known as ‘ oapillaire.’ 
I’lio clear solution is added in the jiroportion of 
about C gallons of syrup to 100 gallons of gin. 

Plymonih gin is a special variety of gin made 
in Plymouth, and used extensively in the "West 
of England. It lias a characteristic flavour, said 
to be duo to ether resulting from the addition of 
a little sulphuric actid to the spirit to be rectified. 

The adulteration of gin, except by dilution 
with water, is nut common. Alkaline car¬ 
bonates, and sometimes alum and salts of zinc 
and lead, have been found. Juniper wood oil 
and turpentine oil are ocoosiunally used a.s sub¬ 
stitutes for or admixed with the oil from the 
junker berry. 

By the Sale of Food and Drugs Amendment 
Act, 42 & 43 Viet. c!. 30, s. B, gin may not bo 
sold at a strength below 3r> under proof, unless 
declared to be diluted. The percentage of 
water added may bo found by multiplying the 
excess of degrees under proof beyond 35 by the 
factor I‘54. For example, a gin of strength 
45 u.p. contains 10 x 1*54, or 15'4 p.c. of added 
water over and above that present in gin at the 
minimum statutory strength of 35 u.p. 

• J. C. 

GINGELLY or GINGILI OIL v Sesame oil. 
GINGER. 

Descriptio7i, —Ginger is the dried rhizome, 
either whole or ground to a powder, of Zingiber 
officinale (Roacoe), a plant 3 to 4^eot in height, 
which ghows wild in India and China and is 


: cultivatod extensively in moat tropioalcountries. 
I At the present time, the chief kinds which And 
I their way into the English market are Jamaica, 
Calicut, Cochin, African, Japanese, and in less 
! quantity. Bombay. .Japanese ginger is not 
j derived from 7j. officinalis and is therefore not 
' official for medicinal jiurposes. 

PrepnralifOn and properties .—The rhizomes 
are dug up when the plant is about a year old, 
washed, and dried in the sun. In some oases 
the epidonnis is removed by scraping or cutting, 
in others the root is dried intact. 

To meet the popular jirejudii^o in favour of a 
white jiroduitt various methods of treating the 
root are adoptcul. The commonest consists in 
immersion in milk of lime, when the coating of 
lime left after drying is of advantage in pre¬ 
venting the attacks of insects, ningi, Ac. 
Gypsum and chalk are also used with a similar 
object. Ginger is also said to be bleached with 
sulphurous acid or bleaching powder, but most 
of the so-called bleached ginger haa probably 
only boon ‘ limerl.’ 

The unsoraped root lias a yellow-brown 
wrinkled surface, while the scraped variety is 
smooth and nearly white. Tlio pieces are, as a 
rule, from 2 to 4 inches in length, knotted and 
bent, flattened in section and with a short 
fracture. 

On being cut with a knife, the best ginger 
presents a soft floury surface, inferior qutdities 
appear hard, resinous, and shiny. 

Tlio chief atructui’cs observed when ground 
ginger is examined under the microscopo are the 
starch grains, the vessels, reticulated, spiral, and 
sealariform, the sclerencliymatous odllB, broad 
bast Hbres with somewhat thin walls and 
occasionally thin-wallod polygonal parenchy¬ 
matous eells and oloorosin uells, which have 
escaped destruction during the grinding. The 
stariih grains are. for the most part, elongated, 
simple (except in Japan ginger where aggregates 
of small granules occur), sack-shaped or oval, 
and vary in length from 12 to 50/i, the majority 
being between 20 and 30/i. Tlie hilum is placed 
close to the narrow end and the striations aiti 
visible in the larger granules if properly illumi¬ 
nated. 

Ginger is used as a oondiment and flavouring 
agent and in medicine as an aromatic stimulant 
and carminative. 

Composition .—Its chief characteristic con¬ 
stituents are a volatile oil to which the aroma is 
due; a fixed oil, gingorol, which gives the pungent 
flavour ; starch and resin. The following figures 
(Richardson, from Leach, Food Inspection and 
Analysis, 440) will afford some idea of its 
composition :— 


Table I. 


— 

Water 

Ash 

Vola- 
tUe oil 

Fixed 
oil an<j 
resin 

Starch 

Onide 

fibre 

Albii- 

minoldH 

Unde* 

ter- 

znlued 

Nltro- 

geo 

Calcutta .... 

0'60 

7-02 

2-27 

4-58 

49-3 

7-48 

fi -30 > 

13-4 

I-Ol 

Cochin ..... 

9-41 

3-39 

1-84 

4-07 

63-3 

2-05 

7-00 ' 

18-9 

112 

Unbleached Jamaica 

10-49 

3-44 

203 

2 29 

60-6 

4-74 

ro-ss 

16-e 

1-74 

lileached Jamaica (London) 

11-00 

4-54 

1-89 

3-04 

40-3 

1-70 

0-28 

19-2 

1-48 

„ „ (America) *. 

1011 

6-68 

2-64 

2-89 

I50-7 

7'66 

9-10 

U-7 

1-46 
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Determinations by Garnet and Grier {Pharm. 

J. 83, 159-1(10) give the gingorol afl from 
1‘1 to 2*2 p.c. 

The ooniposition of gingrrol has been further 
investigairtl by Lapwortii, I’eaixun, and Hoyle 
(diem. 8oe. 'I’rans. 1007, 111, 777), who found 
the jmngent jirinciple of ginger to be a mixture 
of saturated phenohe oouijjoundH derived from 
a residue of zmgerone (e. nelow) in assoeiatitui 1 
with a moleeulur proportion of the residue of a ; 
safurated alipliatiir uldehy<h-. The gingerol : 
was t)btained by extraeting the residue ironi an 
aI(;oliolie extraet of ginger willi 35 p.e. alcohol, 
evajiorating in vftmo at ininiinuin teinpiuatun*, 
removing water as far as possible and re- ; 
extraeting with 5() ji.e. ulcoliol. 'J'o tlie solut ion j 
milk of lime was then added, and after ! 
standing the elear liquid was neutralised with 
hydroehloric acid, and the ah'ijhol again reinoviHl 
under reduced jiressure. The resulting oil was 
sojiarated from water, dissolved in chloroform, 
tlio solution dried and (‘vaporated. After 
fractional extraction with hot jiotrohaim and 
removing the latti'r, a viHi'ous yellow oil was 
obtained which was further purified by distilla¬ 
tion in a cathode ray vaeuiim, 3’he best samples 
of the faintly yellow fid probably eoiitiiinod 
about 25 p.e. of inqmrities. 

From it was projiareil methyl-gingerol, 
which crystalliHes in slendiT needles, m.)). (14'C'., 
optically active in 2 p.e. chloreforin, a*^==27’3". 

ZiiKfcruiir. Nomura (Uiumi. So<‘. Trans. 
1017, HI. 7('i9) has prepared from ginger, also 
I.#apworth and Dykea from gingerol [ihuf. 783), 
a kotonic body, ZnKji ronc, the yiehl amounting 
to about 0’04 p.e. of the ginger, to which they 
agree in assigning the formula CjjU, 4 ()a, the 
constitution of tlie rnetonc being 

OMo 

OOMo— 

From ginger it was preparfal by shaking the 
ethereal extract, preiviously evaporated to a 
with 2 ]).c. Bodiiim liydroxide, jiassing 
carbon dioxide through the alkaline liquid and 
extracting with ether. 

'I’he ethereal solution, washed first with 2N.* 
sodium carbonate and then with water, until no 
longer alkaline, was evaporated, distilled umler 
a pressure of 13-23 mm. and afterwards under 
0'6 to 1 mm. until the tem]>eraturo of the 
wator-bath reached 320^. From tlie distillate 
the bisulphite (compound of the ketone was 
prepared. This was washed with other, decom¬ 
posed with sodium carbonate, and the resulting 
oil extracted with ether, tlio solution wasiied 
with water, dried over anhydrous sodium 
sulphate, and evaporated. 

The oil, when shaken wilrti a crystal of the 
solid ketone, solidified, and‘ was rocryi'.talUsed 
from light petroleum. It forms colourless 
needles, rhoraDohodra, or lustrous plates, in.p. 
40°-41® (Nomura), 3F’~34^ (Lapworth, Poaraen, 
and Royle), and has the odour of salicylaldehyde, 
and the pungent taste of ginger. It dissolves 
oasily in most organic solvents, except light 
petroleum, but sparingly in water, and is only 
slightly volatile in steam. Warmed with con¬ 
centrated mineral acids the mixture shows a 
striking series of colour changing from faint 


yellow to brown, and then deep purple; on 
adding alkali it becomes blue, green, and finally 
colourless. The mixture gives a red colour 
with Millon’s reagent, dissolves to a groen 
solution with alcoholic ferric chloride, and 
reduces ammoniacal silver nitrate. 

From it w(‘to ju'oparod a monobenzoyl 
derivative, (rolourless crystals, molting at 12(1®-* 
127®; a crystalline vionodcdyl dorivativo, 
m.p. 40 -42 ' ; also Methyl Ziingcrone, m.p. 55“-- 
5()‘'; Meihiil Zingeroiie-oxniie, m.]). 93®-93'5° ; 
and Ethyl KimjeTone, in }>. Ob '. 

In addition to zingeroiui, Nomura finds in 
Japane.^i' ginger a ]uingcn1- priiKuple Sliogaoh 
b.p. 231-23K715 5 mm.; sp.gr. 

1 ■()44S/25\ containing a iiictlioxyl radicle and 
a hydroxyl and ketonic group. Nomura and 
Nozawa have Kouglit to establish to what con¬ 
stitutional factors the piingeney ot the principles 
in ginger is duo (J. So<-. (3iem. Ind. 1918, 
()0«), A.). 

Brooks and Tfumphrey (,I. Amor, (lliom. Soc. 

: 1910, [3Hj 430) prepared from ginger oil freed 
: from torpones and sesqui-terpencs a tertiary 
alcohol <IiHtilIing between 154^' and 157" at 14‘5 
. mm. pressure^ having th<' formula 
which po.sHesHcd the peculiarly fragrant odour of 
1 ginger. From it the hydrocarbon in zmgiberino 
hoiling from between 254" to 257®, was 
obtained. 

Adidteraiion. —'I’he only form of adulteration 
to whicli wliole ginger is subject is the addition 
i of or substitution by ginger from wliiidi more or 
1 less of the strength has been removial by ex- 
■ traction with dilute alcohol or wate?’, in the 
! manufacture of ginger beer, &c.; or with 
strong alcoliol for the preparation of the essence 
! or tinctures, (iround ginger may Ix^ adulU^ratod 
by tlie addition of foreign atarches—wheat, 
maize, rice, turmeric; ami in the jiost at all 
events, cayenne pepper and turmeric have boon 
lunployed to restore the pungency and colour 
wliere these have been rediiood by the practices 
already referred to. 

Mineral matter, esjiecdally cah'ium carbonate 
and caleiuiu sulphate, may also be present in 
excess, owing either to their deliberate addition 
or to the too liberal employment in the prepara¬ 
tion of tlie art icle. 

Detection of mhilteraiion .—The detection of 
exhausted ginger in small proportion is at 
^ present impossible, and even when the amount 
is substantial, the problem is by no moans 
an easy one. because the constituents which 
are removed by extraction with alcohol and 
water occur in widely varying proportions, 
even in diffejont samples of the same kind 
of ginger, while, in the case of different kinds, 
the. variations are still more marked. The 
tables on p. 377 show this and also the changes 
in composition brought about by the processee 
of extraction as commercially carried out. 

The most useful determinations for the 
detection and estimation of exhausted ginger 
are the ash soluble in water, the alcoholic extract 
after extraction with ether, and the cold water 
extract, and these may with advantage l)e 
supplemented by the light petroleum extract 
or the methyl alcohol extract and a determination 
of the potash. Microscopical examination is of 
1 no a-ssistance but the tute and smell of tbe 
1 sample are of limited mtility on aooount of the 
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Table II.— Rbsttlts op Analysis of 87 Samples of Ginqsr. 
(Zeit. f, Untersuch. des Nahrungs u. Genuss. 1907, 14, 549.) 


— 

Water 

' Total 

Soluble 

1 nsli 

Sand 

Rtlier 
extract 
(vola- 
■ tile) 

Ether 

extract 

(ft.\od) 

Alcohol 

extract 

after 

ether 

Light 

petro* 

louiu 

Methyl 

alcohol 

extract 

Highest 

13*85 

j 9-33 

. 

4*51 

3*79 

' 3-OH 

s-os 

4*40 

(1-77 

0-68 

Lowest 

9*20 

' 3*24 

1*52 

0*0.5 

0*W) 

2*84 

1*12 

1*95 

3*82 

ExtracU'd Cochin . 

. 13*2(; 

' 3*28 

' 0*99 

Oil 

0*48 

1*32 

0*07 

0*09 

1*64 

,, Bengal . 

13-42 

1 4*52 

1<)3 

0*97 

o*4(; 

I-IH 

0*55 

0*54 

1*‘K> 


Table 111. 

(Glayton, Analyni, 24, 123.) 








.\l(’()hul! 

Jdghl 



Ash of 

Alka- 

■ - 

So. of 
><amp. 


Water 

Cold 

water 

extract 

Ether 

extrud 

100 p.c. 
extract 
after 
ether 

lietru- 

leinn 

'xlract 

(fixed) 

Asli 

Soluble 

ahh 

cold 

water 

extract 

Uoltyol 
soluble 
nah (as 
K.O) 



(max. 

U*7(i 

15-88 

3*71 

; 1*81 

2*00 

0*19 

:t'8i 

I 4 *52 

— 

Whole ginger 

11 

1 min. 

U*1H 

0*09 

0*88 

' 0*88 

1*24 

2*07 

! 1-27 

1*74 

— 


1 nuMin 

13*33 

9*9t) 

4*88 

1*37 

1*00 

3*71 

; 2-27 

: 3*10 

— 

Ground ginger t 


(max. 

11 *83 

ir>'4o 

9-.37 

1 i-ai 

3*57 

0*47 

3-48 

: 3*84 

0-33 

9 

|min. 

10 *39 

4*54 

4*42 

0-41 

1*43 

2*05 

1-43 

1*72 

013 

(commercial) . j 


(mean 

11*32 

10*30 

0*18 

0-81 

2*U 

4*50 

2'4(i 

, 2*90 

0-24 



(max. 

12*07 

14*00 

4*33 

1-07 

1*49 

2*70 

1 1-13 

l*iK) 

0-10 

Exhausted ginger 

10 

oiun. 

11 -(m 

2*57 

1*79 

O-llO 

o-io 

1'4I 

0'43 

()*01 

0 04 


1 mean 

11 -02 

7 ‘89 

3*20 

0-77 

0*70 

2*00 

0'4il 

1'08 

o-oo 


great varialidiis in Btrongth of the difforont 
kinds of ginger. 

No legitimate manufacturing operation affoetB 
the analytical rosults sufliciontly to caufic* any 
trouble (Glayton, l.c.), but it must be borne in 
mind that the method by which the Hamplc haa 
been extracted, of which the analyst is usually 
ignorant, conaiderably affects the analytical 
results. (For the effect of exhaustion with 
alcohol of different strengths, see Liversedgo, 
Pharm. J. 1890, ii. 112, and for information as 
to methods of extraction actually employed by 
ginger beer manufacturers, &.C., see- Analyst, 
1893, 8, 200.) 

The starchy suhstancee likely to bo added to 
ginger may be detected by the microscope. 
The unsyrametrical cross observed when ginger 
fitarch is viewed under polariseu ‘liglit distin¬ 
guishes it at once from wheat. 

Capsicum may bo dotocled by the teat 
suggested by Garnett and Grier (Pharm. J. 
1909, 441), based on the fact that the pun¬ 
gent flavour of gingorol is destroyed by heat¬ 
ing with alkalis whereas that of capsicum is 
not. 

Standards. —The United States Department 
of Agriculture has fixed the following standard 
for ginger: the starch (by diastase method) 
shalT not be less than 42 p.c., the crude fibre 
not over 8 p.c., the total ash not over 8 p.c., 
the lime not over 1 p.c., and the ash insoluble 
in HCl not over 3 p.c. BritUk Pharmacopceia : 
Alooholio extract (90 p.c. alcohol) not less than 
6 p.c., and cold water extract not lees than 
8*5 p.c., ash not to exceed 6 p.c., insoluble ash 
under 1*5 p.c. The Pharaiaceutical Codex 
provides that the volatile oil shall be between 


1 and 3 p.c., the ash beiween 3 and 5 p.o., and 
the aqueous extract not under 10 p.c. 

C. H. 0. 

GINGER GRASS OIL v. Oir.s, Essential. 
GINGER, OIL OF, v. Oils, Essential. 
GINGKOIC ACID C,j.H47 COOH, m.p. 35 % 
is obtained from the fruit of Oingko hiloha 
(liinn.) (Schwarzenbach, J. 1857, 529). 

GIROFLE. Dimethylphenoxylosafraninc (r. 
Azines). 

GLASERITE Aphthitalito (j.e.). 

GLASS. History. Despite Pliny’s pretty 
story of the accidental discovery by the 
Phoenicians of the mode of making class, all 
evidence points to Egypt as having been the 
homo of the art. Flinders Petrie in Arts and 
; Crafts of Ancient Egypt, says that glassmaking, 
apart from pottery, does not go back further than 
1600 B.c. and that blown glass was not develo^^ed 
until many centuries later, the gloss object b^g 
fashioned round a core of sand. The Phoenicians 
most probably acquired the art from the 
Egyptians, and they carried their glassware, 
beads, and vases, as well as Egyptian glassware, 
into many countries bordering upon the Mediter¬ 
ranean. In the 1st century b.o. the Roman 
market for Egyptian glassware developed at a 
rapid rttte, resulting in the attraction of a number 
of Egyptian workmen to Rome and the setting 
up there during the last half-century B.O. of a 
• number of factories. Glassmaking under the 
Romans reached a very high standard, and in 
' reepect of some productions their manipulative 
; fllcifi has scarcely been suipassed. Many new 
j shades of colour in glass were developed whilst 
engraving and the production of cameos 
were weU advanced. 
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The Venetian glassmaking peri(Ml dates back 
to the beginning (if the llJtli century, and reached 
its culminating |)eriod in the Kith and 17th 
ceuturies. Tlie fame wliich the art brought to 
the HepubJic of Venice was marked by the 
privileg(‘d jKisitien accorded by the SUte to tlie 
# (/'orporatioii of (JlasHtnakcrn, as instanced by 
the enaetiiKtnt which permitted nobles without 
loss of rank to marry daughters of glassmakers, 
anil by tither laws wliicJi inflicted heavy ]K'naltieH 
on Venetians who went abroad and taught the 
art of glassmaking. Klegauce of ionii ehara<^ter- 
ised tlie Venetian ])n)du('tif>ns which were made 
of a iime glass, either plain or orriamenti'd liy ii 
variety of methods nieludmg hiigree work, 
laUici* jiattern and gdfling. 

(liasHinakuig was nridoubtedly cariu'd on in 
England, Krunce. and (Jermaiiy umhu- Roman 
occupation, in later limes, the earliiist referonco 
to the exisleiHte of glass manufacture in this 
eoiintry was in Udi) when the (’ouiitess ol 
Warwick stipulated tliat no Knglisb glass should 
b(< used in the windows of th(> Bcaiichain]) 

(diajiel at Warwick. J'ili/.abeth endeavoured to 
build u|) a natiM' industry, but it was not until 
the later half (»f tli(^ 17th century -and especi¬ 
ally during tlie 18th—that it aequin-d import- ' 
anee. London was tlie chief centn? in the j 
(levciojnnont, whilst Nowcasth' jiiobably fob ' 
lowed ill order. The chief eontnbiition of 
lOugland to thi' glass industry was the discovery 
in the 17tli eontniy of lead glass, and t he brilliant 
elfect prodiiccil by tlie deeonition of Ibis glas.s 
by the cutting jiroecss contributed to the di'cline 
in the demand loi the N'enetiaii wares. 

The intensive seientiHe study of glass was 
the outHtunding featiirt* of (Jermany s efforts ni 
tlie last' quarter of the Itltli century. Already 
in England in 1K114, Rev. V. Karcourt lipgan *a 
long 8eri<‘8 of iiivi'stigations of the ivlation 
betw’een the jihysieal propiu’ties ami the com¬ 
position of glass, and sliowcd that borate and 
jihospbate glasses bad valuable o]>ticaI pro- 
[K^rtics. This work was pursued, in later years 
in conjunction with Stokes, until I8(>4, When 
Karcourt died. S<diott's exi>eriments, beginning 
w ith the lithium glasses, described in 187h, wcu’e 
morti successful in that they culminated in 
eomineroial manufacture. Early on associated 
with the physicist Abbe, consid<!rable improve¬ 
ment was soon elTerted in optical glass, and, 
uniting with tlie iirra of Zeiss, tlic first works at 
Jona wer(‘ founded in 1884. Many new varieties 
of optical gloss were made, whilst the information , 
obtained in this field not only by Schott, but ' 
also by VV^inkehnann, Weber, and others I 
attached to the Jena school of workers, led to j 
great improvement in chomical glassware, ! 
thermometer glasses, and heat-resisting glass, | 
No glassniaking of any real note took place j 
in America before- 1800, The lost twenty-five ; 
years there have been noteworthy for remark- | 
able mechanical inventions fof the manip^ilation ' 
of glass. In this field the Americans stand | 
supreme. < 

As the result of the war, glasemaking has > 
develop^ in a number of new centres. In both j 
(Ireat Britain and America chemical glassware ; 
superior to the beet German has been produced, i 
whilst remarkable progress has been made in j 
England in optical glass of high quality. Ja})an | 
has undertaken extensive glass manufactures. ' 


whilst India is cultivating the industry. Glass¬ 
making is likewise being encouraged 'as new, or 
comparatively new, industries in Australia, 
South Africa, Brazil, and tho Argentine. 

Glass. 

Definition. Ow'ing to its complexity and to 
the large number of possible varieties, glass 
l aniiot be brought adequately witliin the scope 
of a single or sinqile definition. It may be de- 
lineal as amorphou.s. hard, brittk* substance, 
usually tiauspai'cnt, but sometimes translucent 
or e\en ojiaqiie, breaking with a <;onchoidal 
fracLure and eotisisling ol a maleiial obtained 
by the fusion of one or more ol tli<‘ oxides, 
silica, boric o\ide, phosjihorie oxide, and the 
metallic oxides, follow'd! by .siilboiently rapid 
cooling of the fused mass as to prevent crystalli¬ 
sation of the eomjionents. 'I'lie glass may 
be eolouiiess or may be eoloureil either 
by um* <'!• mnrc‘ of llie constituent oxides 
or from the ofToct. of neutral bodies such 
as carbon, sulphur, and seleiiiurn. Accord¬ 
ing to the definition, gtaas, being amor- 
])houH, will be iHotnqiic. There are some sub¬ 
stances. however, which, in certain optical 
instruments, serve as gliusses but are anisotropic 
in eliaraetei, and liave projicrties diflering in 
the directions of their erystallographio axes. 
Such crystalline substances in common use are 
quartz, flnorh[)ar, and oalcspar, or Iceland 
spar. 

Properties of Glass. ITom l]i<‘ir mode of 
])iv])M.ratioM, onlimiry glasses must be curiHidered 
as mixtures of compounds, usually of silicates, 
but also of boi'ulcH and, in rari'r eases, ol phos¬ 
phates and ui’acnates. A study ot tho freezing 
point ourvcH or equilibrium diagrams of binary 
and ternary mixtures of silica with other basic 
oxides has been the most fruitful source hitherto 
of our knowledge of these compounds probably 
present in silicate glasses {s(e, for example, 
Hilport and Wuilter, Her. IDOO, 42, 2909; 1910, 
4.'!. 2r>0r). Day and iShepberd, Amer. J. Soo. 
1900, 22, 2(>/), Rankin and Wright, ibid. 1910, 
39, 1. Shepherd and Rankin, ibid. 1909, 28, 
301 ; 191b, 39, 9. Rankin and Wright, ibid, 

I 1915, 39, 08); whilst the investigations of 
i Wallace (’rraua. ('er. Soc., 1909-10, 9, 172) and 
others have show’n that some of these silicates, 

I such as sodium and barium metasilicates, 

' lithium and sodium molasihcates, and sodium 
aluminium triailicate and calcium aluminium 
trisilicate {albitc and anorthite) form continuous 
series of solid solutions; and certain others, 
such as lithium and calcium metasilicates, are 
soluble only to a limited extent in the solid 
state. 

On rapid cooling, the viscosity of the mass 
increases greatly and the mixture at length sets, 
not at any definite temperature, but over an 
interval which it is not easy to define with 
precision. On reheating, it a^> softens gradually, 
and has no melting-point. Accordingly, the 
commonly prevailing view is that glass is to be 
regarded as a super-oooled liquid ol extremely 
high viscosity. It is the high visooaty udiidi is 
the most important factor in preventing the 
separation out in the orysteUine form the 
compounds present, although it has been 
suggested that even i^ apparently transparent 
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glasses, inoipient orystalliaation may eust^ thus 
explaining* for exam pie, the phosphorescence of 
fused zino silicate and bringing glass into line 
with the behaviour of certain other amorphous 
substances, such as sulphur, which tend to 
revert to the stable orystalline atatt; 
Jackson, J. Roy. yoc. Arts, 191!); S. Brad¬ 
ford, J. Soc. Glass Tech. 191!), 9, 282). 

The general statement niadci above in regard 
to the sotting and tin; softening of glass, is not 
intended to imply that these jjniccHsos art' 
absolut^dy continuous. 1’ooI anm Valasek 
(Bureau of Standards Bajiers, 1920, No. 95S), 
indeed, hav<' shown that there is distinct dis¬ 
continuity in tin; heating curve of a glass m Iicii 
softening begins, due to slight heat abB<jrp- 
tion, and a corrcsjionding heat evolution on 
cooling. 

Although ordinary glasses coimist of niixturcH 
of compounds, tlic j)roj)orties of glasses can, with 
a considerable degree of success, be referred to 
the influence of tln^ constituent oxides or adchal 
substances; indeed, in some prop(;rtiCH there' 
appears to bo an additive rclationshiji, as iti the 
case of the density and the (joeflicient of expansion > 
of sodiuni-cal(;ium silicate glasses of H^Jn 1 lar 
molecular tvpt‘. 'I'hc following important jiro- > 
perties are largely discussed on the basis of the ' 
effect of the constituent oxides. 

Durability. Resistance to disintegrating 
agents such as water, aqueous solutions of salts, 
acids, or alkalis, atmospheric moistui'c utul 
dust must be possessed by a glass if it is to be 
capable of service. Borate glas.scH and phosphate 
glasses, wliilst possessing valuable optical pro¬ 
perties, have hitlierto been little used owing 
to instability in the jircsonco of weathering 
agents. 

Methods of testing the durability of a glass 
are numerous (Cauwood, English, an<l 'rumor, 
J. Soc. Glass Tech. 1917, 1, 153). Mylius em¬ 
ployed a test in which iodooosin was precipitated 
from an alcobol-cther atdution by the alkali ,aot 
free fi'om the glass surface to which it was 
applied. The amount of iodoeosin precipitated : 
per unit area of u fractured glass surface after 
the latter had been exjiosed initially to an ; 
enclosed damp space for seven days before being 
dipped in the iodooosin solution for one minute 
at 18°C. was called the weathering alkalinity. , 
According to the weathering alkalimty, the ' 
durability of the glasses cxuinincf* ^s classified 
as h|, hj, hj, h 4 , hg. Thus: 

ID.Bin. iodof(»In per su metre 
Weather- Alkalinity by 

InB solution from 

ulka- Dura- hollow ware 
Class Types of glass linity blllty* at 18“ at 80®* 

1 Water resistant . 0- 5 hi 0- .5 0- 20 

2 Resistant glasses. .^>-10 5" 16 20- 61 

8 Bard apparatus . 10 -20 h, 10- 49 61-2U2 > 

4 Soft . 20-40 h. 40-202 202-809 

5 llnaatiafactory >40 lij >202 >809 

glasses 

Peddle (J. Soc. Tech. 1920, 4, 39) found that ; 
the amount of alkali extract^ from powdered I 
glass (160 mesh) by treatment with water at : 
80° for 1 hour was a ready measure of durability. ' 
With five optical glasses previously classified | 
by Schott aa hj, hj, h^, hj respectively, he ' 
foond: * 

* Bevea days* tteatmeot at 18*, three hours at 80®. ^ 


I m.gBi.H |604 

I requltea to 

j Schott DentraUsfl 

I claeslAca- alkali from 

of Schott No. tion 100 grs. glass 

I Jjight barium flint 0463 h, 159 

' BoroHilicate crown 0144 hg 362 

Silicate crown . 0337 li^ 680 • 

. 0203 h 4 729 

„ . (>381 bs 899 

Tin; n;agt!nts tending to corrode chemioal 
glusHware may be ( 1 ) water or salt solutions, 
(2) acids or acid solutioiiH, (3) alkalis or alkaline 
solutions. llMually the corroaivo action of 
alkaline solutiouK, such aa Hodiuni or potassium 
hydi’oxidcs and carbonates, is mucli more severe 
than that of acids or water. Concentrated adds, 
sulphuric and nitric, ajipear to act on lime-soda 
gla.s 8 waro to a loss extent than pure water. A 
fla.sk of first-class chemical glassware should not 
h>so more than about 1 lu.gm. per 100 so, cm. 
when j)ure water is plai^od in a .500 o.c. flask and 
evaporated from 300 c.(!. to 100 c.c. in two 
hours ; iiyilfoclilonc acid solution of 20*24 p.c. 
strength sliould not extract more than 3 4 m.gm. 
j>er 100 H(j. em. when evujiorated from 260 o.c. 
to 1 (K) c.c. in U hiturs in a ritK) c.c. flask; 
2N.-oau8tic soda should not extract at 100° for 
three hours more than about 100 mg., and 
2N.-sodium carbonate not mort^ than 35 mg. per 
100 Mj. cm. (Cauwood, English, and Turner, l,c.). 

in the case of water, the amount of ourrosion 
may more accurately be determined by the 
cxtra<!tion of alkali; for the nature of the 
action, namely, first absorption of the water, 
folioweil by hydration, is such, that the net loss 
in eight of the glass may bo less than the 
actual exteut of ourrosion. With HCl, the 
eurrusiun may be determined by evaporation 
of the acid extract in platinum, gentle ignition 
to avoid loss of the alkaline chlorides, and 
calculation of the weight of residue in terms of 
NugO or KgO. 

Oxides whi(ih Inistow (1) rcHistance to water 
arc SiOj, BgOg, AljOg, ZnO, PbO ; (2) resistance 
to acids, SiOjj, AljOj, (!a(), BjO^, ZnO; (3) 
resistance to alkali, AlgO^. Acidic oxidee 
iiatiiraLly do not offer gi-oat resistance to 
alkaline solutions. 

The weatiiering of optical glass has also been 
measured by exposing it to moist air for definite 
periods and also to dust. The latter may be 
organic and serve to condense moisture or to 
produce acid matter. Blobs or hair-like mark¬ 
ings, or both, may in consequence be developecL 
The weathering power of optical glass can be 
determined most speedily by the determination 
of its chemical resistance to water {nee 
W. E. S. Turner and collaborators, J. 8 oo. Glass 
Tech. 1917, 1, 146, 153, 213 ; 1918, 2, 219, 235 ; 
1919, 3; 129, 228; £. Zschimmer, Chem. 

Zeit. 1901, 25, 780. C. J. Peddle, J. Soc. Glass 
Tech. 1«20, 4, 39)* 

Ther mal expuision appears to be a linear 
function of the oomjKisition in a simple series 
of glosses (English and Turner, J. Soo. Glass 
Tech. 1919, 3, 238; 1920, 4, 116; 1921, 6 , 183). 

In the tri-silicate series of glasses 3B10t3K>a0 
(or MgO) VNa.O where ar-f i/=l, the oaldum 
glasses have unear expansion ranging Irmn 
116-3x10-’ when CaO is 0-0 p.c. to 76-9 X 10“’ 
for CaO 11*63 p.c. For MgO 1*10 p.c. It is 
llMxlO-’, and for 9'30 p.c. 69*4X10-’. 
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Glaascg of comparatively Bmall expansibility 
oan therefore be obtained by suitably modifying 
the composition. I'yrex glass has a linear 
ooofficient of .‘12 ■ Hi Jena 59'^* of 42 X10“’’; 
Jena lb’^‘of 7b'll 111 \ (Jlasses ru b in alkali 
have high (’xj)ansibility. SiOj, an<l 

ZnO njcluce the exjjansibility, 

Winkclmann and Selu»tt found emj)irically 
that the eubitiul ex})an8ion (Ja) of a pla.ss could 
be rej)reHenled by the fornmla Jo- xa-\ yh \-zi' 
wliere x, y, and z are the jieicentages of each 
oxide and ii, //, and r the e()ntrd)ution to the 
total cubical (‘.xj)anKion whu h each 1 ]).e. of the 
oxid<‘ makes, 

1'lie, fa(;torH a,r, itc. ealeulated hy \Viuk(;l- 
inann and Schott Imve. iiecn sliow ii hy Mnghsh 
and 'Punic!' not to he correct in ^ojne eases. 
The recalculated values of Ja for lour oxides 
are SiOjj, CaO, 4‘ll; Nii^O, IIM); ami 

MgO, I'Jo, mulLiphed hy H) ■ in each ease. 

The rate ot expansion iiuireases with tein- 
jKiraturc. lljt to near tlie softening-point, the 
temperature eoellieient ujijirMira to be linear. 
Over the softening rangi' (about 4lh'(' ) the rate 
of <ixpansion incrt'aHes notalily, being from two 
U) seven times the rale jirior to Hoftemng (iicc 
loiters and Cragoe, J. Ainer. Oiit. Soc. 11120, 4, 
10 . 1 ). 

Ajmi’t from tiic dosirability of using low ex¬ 
pansion glass for eliemieal a])panvtus (beakers 
and flasks) anti heat-resisting illununaliiig ware, 
the magnitude of the eoellieient of ex)»aiiHian 
is of importanee when two glasses havi- to be 
united, us in thii ‘flashing’ proet'ss, or wlion 
metallic wires have to be sealed into glass. In 
both oases it is de.sirable for the two ohjoets to 
be sealed to have rates of (‘xjiansion mit very 
fur different. 'I’lie ('Xjjansioii rate of a glass euli 
by modifying its composition be varied over a 
eonsidorable range so aa to jirovidi’ for the 
sealing in of metals such as cojijier and tungsten. 
'Phis variation of linear thermal (‘.xjiaimiim may 
range,approximately,from J(lx 10'^to l.'lOX 10'' 
(K. (’, Sullivan, .1. Soc. Chem. Ind. 1910, Jd, 
51). Lead glasses have been largely used not 
ftuly for easing or depositing one ou the other 
in layers, but also for sealing in platinum wires. 
The ciK'llieiont of expansion of a normal lead 
glass containing 20 JO p.e. of load oxide is not 
very far removed from that of plalirium. There 
is no doubt, however, that siioi^cssful easing or 
Hoaling-in depend.s also on the softness or 
plasticity of the materials to be united, and 
lead glass poasesaes this property in a marked 
degree. 

Resistance to Sudden Change of Temperature 

depends not only on the thermal expansion 
but also on the Bi>ocific heat, the conductivity, 
the density, the tensile and compression strength, 
and elasticity. The si>-uaUed thenml endurance 
oan be measured comparatively by heating to 
a definito terajx^raturo glaffe rods of similar 
length and diameter within a vertical electric 
tube furnace and then allowing them to fall 
into cold water at a definito temperature. 
Flasks may be I'ompared by charging them 
with paraffin wax, heating them tc\ a definite 
temperature and plunging into water at 20'"C. 
Well-annealed Jena flasks have been found to 
withstand sudden chilling from 250° to 20°, 
although the range usually observed is not 


quite BO wide. Roth the actual thickness and 
the uniformity of distribution of the glass in a 
piece of glassware influence the cracking tem- 
jierature. (kimmon beer bottles containing hot 
wator and imni<TH<‘d in a hot w'ater hath will 
rarely withstand removal and (pieiiehing from 
H()“ (}. to 20°('. in cold water. 

The thermal conductivity of glasses has been 
investigated by Winkclmann, liy Paalhom, 
and by ]'’o(;hs, but it cannot yet be said that the 
riilatinnship lH)twecn eompOHition and thermal 
(;i)m]) 08 iti^u has yet been worked out satis- 
fai^torily. Ajijiarently, mereasing the amount 
r)f the oxides AI-^O.,, SiOj, R 2 Gs» MgO, and ('aO 
fends to increase the conductivity of tlie glass, 
whilst tin; oxides PbO, ZnO, BaO, and KgO, 
on the other hand, most efTectively diminish it. 

The specific heat of glasses at temiieratures 
O' -1011” can be ealinilatod approximately from 
the values for the oxides by use. of the formula 


wliere />,, pg, A-c. are the percentage amounts 
of each oxide, and r,, f.„ &c. the 8 |)ecific 

licats of the oxides, (■ being the siH'clfic heat 
of the glass. The values for some oxides are 
SiO;, 0-191; BgOa, 0-227; Na^O, 0-207; 
KjO. 0180; faf), fl-HH) ; BaO, 0-007 ; MgO, 
0-244; PbO, 0-051 ; ZnO, 0-125. Knowledge 
of the specific heat of glassi-s at high tempera¬ 
tures is almost entirely lacking (.vec also W, J*. 
White, Amor. J. Sei. 1919. 47, 1). 

The density, in the ease of glasses of similar 
constitution, varies in an approximately linear 
mannisr with the eoinpoaition (Larson, Amer. J. 
Hc-i. lfK)9, 28, 20J ; Tillotson, J. Ind. (honi. 
1911, 3, 807 ; Knglish and Turner, J. Sue. Glass 
Teeh. 1920, 4, 78, 15J). This applies, for 
example, to the sodium-calcium and sodium* 
magnesium tnsilioato glasses. 

In general, the densest conimoroial glasses 
are those eonUining load, although thallium 
glasses are still speciflcally hi-avier. Lead 
silioate glass, containing approximately 80 p.c. 
PbO, has a density of about fi-J. Winkclmann 
believed the density and composition were so 
related that 100 /l^=p,/r/i-} • • • 

whore . 1 ) is the density of the glass, p,, pj, pg, 
&c. the percentages of the several oxides, and 
f/p f/j, dg, Ac. the density factors by which the 
density w’as increased for each 1 p.e. of oxide. 
These density factoi-s were, for 8 iOj, 2*J ; B 3 O 3 , 
1-9; CaO,'3-3; XagO, 2-G; PbO, 0-6 (see, 
however, English and Turner, lx.; Baillie, J. 
Soc. Glass Jiid. 1921. 40, 141.) 

Young's modulus of elasticity was shown by 
Winkclmann and Schott to be related to the 
composition in such a way that if E is the 
elasticity, K=aiZi+ 02 Z 2 +a 3 Zg+ . . , ^where 
a,, ag, Uj, Ac. are the percentage amounts of 
each constituent oxide, and z«, Zj, Ac, 
factors which represent the increase 01 elasticity 
due to each 1 p.c. of the oxide. These factors 
were calculated by Winkelmann and Schott, 

■ but there is reason to doubt their accuracy ; for 
; example, the effect of CaO when replacing NajO 
in a series of triailicate glasses is to increase 
' greatly the elasticity (J. R. Clarke and W. £. S. 
i Turner, J. Soc. piass Tech. 1920,4, 260) whereas 
Winkclmann and Schott ascribe equ^ eflteots 
to them. For the glass 6SiOg, I’ONagOfO'lCaO, 
K = 5930 kg./mm.*.: and for 6SiOj, l-lNOjO, 



GLASS. 


881 


0*9CaO, £=^7249 kg./mm.^. Zschimmor gives 
limiting values hitherto found for different 
glMSos as 4800—7970 kg./mm.*. A glass 
with Si02» 60’6 p.c. ; CaO, 18‘06 p.c., and 
Na^O, 12 7 p.c., nowovcr, had a value 8343 
kg./mm.* (Clarke and Turner, l.c.). 

Tensile strength has proved in the past 
not easy to measure with aceuracy. Zsehim- 
mer quotes limits found for glasses as 3'3- 
8'1 kg./min.*. Winkelmaim and Schott con¬ 
cluded that an ad<litive relationshijj existed 
between comjiosition ami tensile • btrenglh, 
Glasses containing Cat) and ZiiO him highest, 
and those with and KjjO least, tensile 

strength. 

The compression strength is much gieater 
thun the tensile strength. The limits (quoted 
by Zschimmor from the observations of vamnis 
W'orkers are ()0'5-12l)-4 kg./mm.-. According to 
Winkelmaim and Schott, SiO^, Al^Oy, MgO, 
and J-JjGa effectively iiicpease ri'Histanee to 
compression, whilst the alkalis Na^O and 
us well as JJuO reduce it most. 

On the viscosity of glass and especially on 
the change of viscosity with temperature 
depends its worldng in jiraetice. Unfortunately, 
few systematic data have been recorded. Leail 
glasses are notew'orthy as having a long working 
range, that is, the visisiaity eliaiiges slowly 
over the range from 550'' to 850". On the othet 
hand, high CaO content gives iluidity above 
1200 ", but the glass very rapidly sels when 
cooled below llUU''. 8ueh glass is theretore 
advantageous in producing hand-made, iliiek- 
walled bottles of consideralile size. Magnesia 
glasses have much higher viscosity tliun lime 
glasses at high temperatures. Silica and 
alumina increasu tlie viscosity. Glasses con¬ 
taining both NujO and K-O work more easily 
than those with one alkaline oxide only (.ver 
K. Arndt, Zeitseh. Ghcni. Apparatcrkuiule, 
1908, 3, 474; V. Vesoley, Spreensaal, 1011, 44, 
457 ; A. L. Toild, Trans. Faraday Sue. 1017, 13, 
3; £. W. Washburn, Trans. Aiiicr. (Jer. Soc. 
1920, 3, 735). 

The afterworking of glass is tiie phenomenon 
of slow shrinking observed m glass after being 
reheated. For this reason, a thermometer bulb 
may show a sLght nso of zero with age whilst, if 
heated, and then cooled fairly quickly, the zero 
is depressed. The depression constant of a 
thermometer is the depression observed when 
heated to lOO' C. and cooled lairly quickly to 
normal air temperature. Wober, in 1883, 
showed that large depression constants were 
due to the presence of both NajO and K^O. 
For thermometer purjicses only one alkaline 
oxide should be present ui the glass, and the 
glass also should not bo too soft. Much effort 
was made by the Jena workers to eliminate or 
reduce afterworking; two successful glasses, 
10 (Hi) and 59 (111) wore made having 
depression constants of only 0'05" and 0'02'^ 
respectively. The French glass verr^ dur^ re¬ 
sembling window glass in composition, also 
has a very low depression constant. 

D6vitltQ0fttio& is the phenomenon of loss of 
the glassy or vitreous state. Whilst several 
changes in glass are sometimes associated with 
devitriff cation, the term woulcTj^erhaps be best 
ocmftiked to the separation out«in the crystalline 
state of some oonstituent present in excess of 


j the solability limit. The constituent may be 
I silica or may bo a silicate, the former frequently 
; being deposited both from lead and from 
j calcium glasses containing a high proportion of 
1 silica. This silica may be, according to the 
I tcmjieraturc, cristobalite or tridymite, and may 
give the glass either a mere opalescence or 
: MTiiokineM.s or may jwoduce a dense white deposit. 
Of the silicalcH, OaSiOy or w’ollastonite, is the 
best known c.au«<* of dovitriiieation of soda- 
liinc glasses. JiaSi^On from barium crown 
glasst'a has also been observed. FbSiOg is only 
(lejiositod from glasses containing a very high 
jirojiortion of FbO. Devitrification depends on 
the inanitenance of the soft glass at a suitable 
; de})osition tcmjx'iature for a sufficient length of 
; time. 'I’lio viscosity is therefore a most impor¬ 
tant fact'U’. In this connection, lithium glosses 
are most readily devitriticd, sodium less easily 
j and potassium least of tin* throe alkalis, the 
viscosity incrcaHing rapidly jilso in this order, 
i the potassium glasses being most viscous. The 
. addition of certain oxides, as AljOa ami B|Og, 

; hinders devitrification, and for this reason the 
: firat-iiamed oxide is a eoiistituont of lamp- 
I working (hemdi glass blowing) glasses, and is a 
j useful addition to sodium ealeiiim glasses which 
' have to be maintained for any cousiderablo 
time in a fairly jilastic stale, 
i The specific electrical resistance is inffuonced 
I by the state of annealing, well-anneaiod gloss 
: having the higher rosiatanoc. The best insulating 
; glasses arc usually those moKt resistant to 
! weathering and chemical attack. Increase of 
! lead in jiotassium lead silicate glosses increases 
j the electrical resistance. 'J’he glass containing 
I.SiOsi, 33; AljOs, 00 ; Bad, 480 ; and BjOj, 

I 12*0 p.c. is a most efficient insulator, Gray and 
I Dobbie observed that the cleotricol conductivity 
! of glasses ivas doubled for each O^C. rise in 
I tcniiierature (Proc. Roy. .Soc, 1898, 63, 38: 

I 1900, 07, 197). 

I The dielectric constant or specific Inductive 
j capacity of glass has been found from observo- 
; tiun to !)(' b(“lw'c<‘n the limits 5'4-8’5 at ordinary 
toinjK'mture. The effect of composition remains 
! yet to bo satisfactorily w orked out. 

I Refractive index is related to density, and the 
1 twf) properties inereasc or diminish in a jiarallol 
' manner in similar glasses. Although the com¬ 
position of glass may vary verv widely, the • 
refractive index does not change in so marked a 
degree as other physical jiropcrtioe. For nj,, the 
! limits for jiractically all known glasses lie 
i approximately betw'een I'iTO and 1*96. Lead 
I glosses, the densest in general use, hove highest 
i refractive index, the glass of density 6*3 {see 
' p. 380) having value for w,, of 1'90. The barium 
: glosses eomo next in Older. 1’hc optical con- 
I staiiU of a glass most frequently used are- 
I Jhe refractive indices for the 

i C, D, if, and G lines of the hydrogen spectrum; 
j the total dispersion defined as (ny-n^.) and the 

1 ratio , designated by the symbol y. 

j Wj.—71^; 

' 1 'ho lead glasses arc characterised by high re- 
' fructivo index and dispersion, and consequentiy 
low value of »>. Sodium-calcium and potaMtom* 
calcium glasses have low refractive index imd 
dispersion, and fairly high y value. Bariun 



382 


GLASS. 


glamdB poBBeaa high refractive index, low di«- oaleium oxide and sodiiiiu oxide, are present in 
persion, and high valuon of y. Increase in the many different types of glass, a simple olassiffca' 
content of >Si 02 . diminishes tion based on composition is not available, 

the refractive index. Perhaps a l)etter method, by no means a definite 

In » scries of similarly constituted glasses, j system, may be to classify glasses according to 
such as the sodium-calcium Irisilicates, the ; their use. Jn this way, wc have the following 
rolationshij) between composition and refractive varieties : 

index is linear (]>arson, Amer. J. Sei. 1900, 28, , I. Lime-Soda glasses for common USO. 
203; Clarke and Turner, J. Sue. Class Tech. 'J'his type of glass is far and away the most 
1920,4,111; .see a/xo C. .1. Peddle, .1. Soc. ('lass important, since bottles of all kinds, window 
Tech. 1920, 4, 1, 299 ; 1921, 72). gliws, and j)latc glass are made from it, as well 

The absorption of light is dependent partly as many arti(dc.s for domesti(r use such as the 
tin the thickness, but mainly on the comjiositioTi cheaper fCrms of tumblers and pressed table 
of the glass, esjiecially in resptait t»f its content, of glussuare. 

oxides which exercise selective absor])tioii. The; A. Comnuw holtlo^ aiul ylnss corifainfrs. 

host optical glass should transmit 98 -99 ji.e. Analyst's of actual samjiles show that oon- 
f)f the incident light. f)n tlic ntlior liand, uii- sulci-able diversity of composition exists. 
[Xilished mirror glass, 8 mm. thick, may only 

transmit about 87 p.t;., whilst for glass strength- ' 1 :: 4 5 C 

died by wire mesh, tiie_tninamitted light may ^ SiO^ Tfi’IU 73’t)() r)9‘73 73'2<) 69‘11 Gl'90 

be only p.p. The foregoing refers to NtuC 13 78 ir>'2^) 11-22 17-88 11-07 (I-IG 

general transmission of tudiiiary wliilt' light. . 3-41 0-98 - ■ — — 1-13 

In the east! of selective absorption, the different (!a() . (>-H.3 8-70 17-38 7*24 11*83 17*95 

coloured oxides vary in the strength of their MgO . 0-21 017 0T)5 0-17 1*58 (i-38 

cllect, cobalt oxiile being one of tlie most AljO;, . 0-45 1*30 0-50 1'31 3*4(1 4*44 

fiowoHiil. The absorption curves ior several Ke^O.,. 0-30 0-30 0-25 0*11 1-82 l-OO 

glasses containing (loO, (ii-jOy, Nil). Pc^Os. and MiiO . — — —• — 1-13 — 

MiijO-i hav(» been measured by Zsigmondy SliuO,, Iraci' tniee — — — — 

(Ann. Physik. 1901,4, 00). AsjOy. - ■ — 0-47 trace — — 

The selective absor])iion vanes botJi witii the Sc . — — - • trace — — 

couooiitration of the oxide and witli th<^ iem* I'oO . — — - - trace — — 

poraturc. 'I’ho general olTeet of rise of tern- 

})oraturo is to shift the abHorjition towards the I ontinentai made sodn-wat-er syphon, 

rod cud whilst ilii' amount, of ahsoipiioii may | jar. 

Bitniilianeouslv he inereased. I'his is illustrated 3. liritish glass for hand-nmile bottles, 

hy the following relative transmiH,sion faetois 4. Automatic maehine-madc bottlo of colour- 

at ditleroiit lemjieraiures ; I 1^*^” 

lO'liitivc tiiiii-itih- 1 **■ Gark ureen liotile inaehiim-mudc by 

Colouring (’olour nioii lacior _ i O'Neill machine. 

OKcnt {i)('()l<l OJ) llcL 30’ 200 ” 3.'»o' C^iarnnamic hand-made wine bottle. 

(’u . Modiiim n‘d — 100 92 8-1 

(!o . Light blue ~ lOO 104 108 

Co . Deep violet Deojiblue No ajiprociahle 
change 

All . Pink \’iolcl 100 9(1 93 

Cu . Bluisli-grocn Yellowisli- lOO 94 82 

, grei'u 

Mn . Purple Bluish- 100 94 (K) 

violet 

Cu . Deep rod — lOO 07 42 

(!r . Yellowish- Yellow RH.) 84 07 

green 

Jn regard to ultra violet radiation, fused 
quartz and fused HgOs are traiisjiarent, whilst 
a mixture of BgOa, CaKg, and Al-jOy shows only 
weak absorption. Ucavy lead glasses and 
glasHca coloured slightly with t'rA)y absorb 
ultra-violet light. 

(llasBes which absorb hi'ut radiations may be 
obtained by the nso of the oxides or other com¬ 
pounds of chromium, cerium, and iron, and 
certain other elenmntH. 'I’lic mineral biotite 
and the oxide Fc^O^ dissolved in sada-lime 
glass absorb a high proportion of incident heat 
rays, whilst (Vookca pre]>ared a soda-lime glass 
from a batch containing 10 }).e. of ferrous 
oxalate which absorbed 98 ji.e. of the heat 
radiations (('rookea, Phil. 'Frans. 1914, 214. 1). 

Cl.AS8lFICAT!OK OF GLASSES. 


j B, Pre/imi (jlnmi'dr/: of the cheaper tytws 
I fj-equently has a composition .somewhat similar 
to the bottle glass A4. 

A considerable improvement in the appear- 
anci'. of jiressed table-ware may be obtained by 
replacing the calcium pirtly by barium oxklo, 
and the latter ia accordingly frequently used. 

C. WiTKhir and plfilf. yhisa from different 
.sourecH do not vary greatly in composition, 
j as illustrated by the following figures; 
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I-00 

0*1 

o-i 

0-4 

As.,0, 

. — 

— 

0-1 

— 

— 

Sb^O, 

. — 

— 

— 

0-5 
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D. lUuminaling glassware. A good deal of 
the common illuminating ware such as lamp 
chimneys and globes and shades is made from 
a calcium-sodium or calcium-sodium-potaBsinm 
glass, with or without other oxides. Calcium- ' 
sodium glass containing magnesium has come 
into extended *use for the manufacture of 


As almost all glasses contain silica, and aa, | electric light bul^ replacing the more esqmisiye 
moreover, certain metaUio oxides such as ' lead glass. Common maohine-made globes 
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0*9CaO, £=^7249 kg./mm.^. Zschimmor gives 
limiting values hitherto found for different 
glMSos as 4800—7970 kg./mm.*. A glass 
with Si02» 60’6 p.c. ; CaO, 18‘06 p.c., and 
Na^O, 12 7 p.c., nowovcr, had a value 8343 
kg./mm.* (Clarke and Turner, l.c.). 

Tensile strength has proved in the past 
not easy to measure with aceuracy. Zsehim- 
mer quotes limits found for glasses as 3'3- 
8'1 kg./min.*. Winkelmaim and Schott con¬ 
cluded that an ad<litive relationshijj existed 
between comjiosition ami tensile • btrenglh, 
Glasses containing Cat) and ZiiO him highest, 
and those with and KjjO least, tensile 

strength. 

The compression strength is much gieater 
thun the tensile strength. The limits (quoted 
by Zschimmor from the observations of vamnis 
W'orkers are ()0'5-12l)-4 kg./mm.-. According to 
Winkelmaim and Schott, SiO^, Al^Oy, MgO, 
and J-JjGa effectively iiicpease ri'Histanee to 
compression, whilst the alkalis Na^O and 
us well as JJuO reduce it most. 

On the viscosity of glass and especially on 
the change of viscosity with temperature 
depends its worldng in jiraetice. Unfortunately, 
few systematic data have been recorded. Leail 
glasses are notew'orthy as having a long working 
range, that is, the visisiaity eliaiiges slowly 
over the range from 550'' to 850". On the othet 
hand, high CaO content gives iluidity above 
1200 ", but the glass very rapidly sels when 
cooled below llUU''. 8ueh glass is theretore 
advantageous in producing hand-made, iliiek- 
walled bottles of consideralile size. Magnesia 
glasses have much higher viscosity tliun lime 
glasses at high temperatures. Silica and 
alumina increasu tlie viscosity. Glasses con¬ 
taining both NujO and K-O work more easily 
than those with one alkaline oxide only (.ver 
K. Arndt, Zeitseh. Ghcni. Apparatcrkuiule, 
1908, 3, 474; V. Vesoley, Spreensaal, 1011, 44, 
457 ; A. L. Toild, Trans. Faraday Sue. 1017, 13, 
3; £. W. Washburn, Trans. Aiiicr. (Jer. Soc. 
1920, 3, 735). 

The afterworking of glass is tiie phenomenon 
of slow shrinking observed m glass after being 
reheated. For this reason, a thermometer bulb 
may show a sLght nso of zero with age whilst, if 
heated, and then cooled fairly quickly, the zero 
is depressed. The depression constant of a 
thermometer is the depression observed when 
heated to lOO' C. and cooled lairly quickly to 
normal air temperature. Wober, in 1883, 
showed that large depression constants were 
due to the presence of both NajO and K^O. 
For thermometer purjicses only one alkaline 
oxide should be present ui the glass, and the 
glass also should not bo too soft. Much effort 
was made by the Jena workers to eliminate or 
reduce afterworking; two successful glasses, 
10 (Hi) and 59 (111) wore made having 
depression constants of only 0'05" and 0'02'^ 
respectively. The French glass verr^ dur^ re¬ 
sembling window glass in composition, also 
has a very low depression constant. 

D6vitltQ0fttio& is the phenomenon of loss of 
the glassy or vitreous state. Whilst several 
changes in glass are sometimes associated with 
devitriff cation, the term woulcTj^erhaps be best 
ocmftiked to the separation out«in the crystalline 
state of some oonstituent present in excess of 


j the solability limit. The constituent may be 
I silica or may bo a silicate, the former frequently 
; being deposited both from lead and from 
j calcium glasses containing a high proportion of 
1 silica. This silica may be, according to the 
I tcmjieraturc, cristobalite or tridymite, and may 
give the glass either a mere opalescence or 
: MTiiokineM.s or may jwoduce a dense white deposit. 
Of the silicalcH, OaSiOy or w’ollastonite, is the 
best known c.au«<* of dovitriiieation of soda- 
liinc glasses. JiaSi^On from barium crown 
glasst'a has also been observed. FbSiOg is only 
(lejiositod from glasses containing a very high 
jirojiortion of FbO. Devitrification depends on 
the inanitenance of the soft glass at a suitable 
; de})osition tcmjx'iature for a sufficient length of 
; time. 'I’lio viscosity is therefore a most impor¬ 
tant fact'U’. In this connection, lithium glosses 
are most readily devitriticd, sodium less easily 
j and potassium least of tin* throe alkalis, the 
viscosity incrcaHing rapidly jilso in this order, 
i the potassium glasses being most viscous. The 
. addition of certain oxides, as AljOa ami B|Og, 

; hinders devitrification, and for this reason the 
: firat-iiamed oxide is a eoiistituont of lamp- 
I working (hemdi glass blowing) glasses, and is a 
j useful addition to sodium ealeiiim glasses which 
' have to be maintained for any cousiderablo 
time in a fairly jilastic stale, 
i The specific electrical resistance is inffuonced 
I by the state of annealing, well-anneaiod gloss 
: having the higher rosiatanoc. The best insulating 
; glasses arc usually those moKt resistant to 
! weathering and chemical attack. Increase of 
! lead in jiotassium lead silicate glosses increases 
j the electrical resistance. 'J’he glass containing 
I.SiOsi, 33; AljOs, 00 ; Bad, 480 ; and BjOj, 

I 12*0 p.c. is a most efficient insulator, Gray and 
I Dobbie observed that the cleotricol conductivity 
! of glasses ivas doubled for each O^C. rise in 
I tcniiierature (Proc. Roy. .Soc, 1898, 63, 38: 

I 1900, 07, 197). 

I The dielectric constant or specific Inductive 
j capacity of glass has been found from observo- 
; tiun to !)(' b(“lw'c<‘n the limits 5'4-8’5 at ordinary 
toinjK'mture. The effect of composition remains 
! yet to bo satisfactorily w orked out. 

I Refractive index is related to density, and the 
1 twf) properties inereasc or diminish in a jiarallol 
' manner in similar glasses. Although the com¬ 
position of glass may vary verv widely, the • 
refractive index does not change in so marked a 
degree as other physical jiropcrtioe. For nj,, the 
! limits for jiractically all known glasses lie 
i approximately betw'een I'iTO and 1*96. Lead 
I glosses, the densest in general use, hove highest 
i refractive index, the glass of density 6*3 {see 
' p. 380) having value for w,, of 1'90. The barium 
: glosses eomo next in Older. 1’hc optical con- 
I staiiU of a glass most frequently used are- 
I Jhe refractive indices for the 

i C, D, if, and G lines of the hydrogen spectrum; 
j the total dispersion defined as (ny-n^.) and the 

1 ratio , designated by the symbol y. 

j Wj.—71^; 

' 1 'ho lead glasses arc characterised by high re- 
' fructivo index and dispersion, and consequentiy 
low value of »>. Sodium-calcium and potaMtom* 
calcium glasses have low refractive index imd 
dispersion, and fairly high y value. Bariun 
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dense fiiuta, extra detiso flints, light barium ' 
Hints, and so on. I 

The percentage composition of some tyjws is ' 
stated in the following table ; 


siOj 


J.iRlit MeOlUiii 
Hint fint 

53-» 44-1 

Dense 

mnt 

39*0 

Very 

dense' 

flint 

20-0 

Ilariiim 

flint 

53-00 

I’lie) 


30-7 

44-7 

411-0 

7(1-0 

10-71 

K/) 


fi'O 

O-H 

4-0 


8-31 

NiigO 


1-0 

1-2 

3-(i 

- - 

l-()0 

iio.0 


- - 




14-27 

CaO 


1-9G 


4-0 



ZnO 



- 


— 

2-08 

lijOa 



— 


— 


AKjOj 


()-:5 

0-2 

0-2 

0-1 

2-53 

Sli.Oj 


— 

__ 

10 

— 


"n 


J -.780:1 

MkKiS 

I -055.7 


"c 


i*r)7(i2 

^ 0022 

1-0502 


% 


1-5002 

1-0184 

l-0(ilt2 


% 



l'028l 

1 -0800 


V 


41*0 

37 

7 

34-4 


SlOj 


Ooro 

l.lKhi sillrato 
vrown (TinMi 
(i8-5 08*2 

bluht 

barium 

fTown 

^8-1 

Densi! 

barium 

crown 

30'0 

I’ilOu- 

phatc 

(To'^n 

(iv>0 

I’llO 





:}'0 

70-5 

K,0 


5*0 

U-5 

7-5 

— 

12-0 

NajO 


120 

lO'O 

I'O 

— 

— 

CaO 


— 

— 

2-0 

2'0 

— 

BaO 


!)-7 

— 

28':i 

44'0 

— 

B.On 


3*5 

10-0 

4-5 

5-l> 

3-0 

A42O3 


{)■'! 

0'2 

0-4 

0-4 

0-5 

ALjOa 



— 

— 

— 

lO'O 

ZnO 


1,0 

2-0 


7-7 

— 

MnjOj 


— 

0 00 

— 

— 

— 

MgO 


— 


—- 

-- 

4'0 

"n 


1'517(1 


1-501.7 

1 '5005 

«(! 


1-5153 


I'5508 

1-5874 



1-.7138 


1-5083 

1-5077 

«i( 


J •.5281) 


1-5837 

) -5030 

V 


OO'O 

58-1 

r,"-o 



the production of the ruby colour, if the lost 
treatment is continued, the colour will ultimately 
I bec<ime br<jwn and finally visible particles of 
1 gold apj)ear, rosulting in the production of 
' uveniurine glass. 

i Amber colours, due to colloidal carbon and 
; possibly also producible by colloidal sulphur; 
and yellow, due to silver, are further examples. 

(i^) Ojxih jrrotlucvd by 0 / on 

ciiLaldun. The calcium j)ho8phate (bonc-ash) 
opals, appear to Ik* due to this cause, the phos¬ 
phate cysHolving initially at high temi>erature 
and b(*ing precipitated from solution at a lower. 

(d) OjHils piod/iced hy incluxton of air or gas 
huhblcH. 

I (e) OpiU fTodiiced hy devitrification. The 
devitrification may be duo to deposition 
silica, when the effect may vary from a mere 
cloudiness or smokiness to actual o])alescencc. 
Ojial may also bo foi-med by the w^paration of 
masses of CaSiOg or otlier silicates in very small 
crystals. ^ 

Thk Raw Matj^uials run Olassmakincj. 

'I'lie raw materials for glassmakiiig may be 
clasHilied as— 

I. I<'undamental materials, or those which 
yield the acid and basic oxides comprising the 
main substanoo of the glass : SiOj, BjO,, Pa()r„ 
AljOa, Na^O, KjO, LijU, Cat>. MgO, I’bO, 
BaO, ZnO, FoO, and FcgOg. 

II. Fluxes: As^Oj,, 81)/)^. Na 2 B 4 U 7 , 

(UPg, KgSiFfi, NaNOg, KNOg. 

11.1. (a) Colouring agents: t'uO, FcO, CaO, 
MnO^, !Se, (\ S, AuClg. 

(b) Decoloriscrs i MiiO^* Se, As^Uj, Sb^Og, 
NiO. 

(e) Opacifiers: SnOa, ('a 3 (F() 4 ) 2 , NagAlFa, 
ZrO^, AsaOfi. 

iV. Oxidising agents; NaNOg, KNO;„ BaOj, 
1*1)304, MuOg. 

Reducing agents: C (as coal, cuke, or 
I other form of carbon), Zn, Rochelle Salt, SnO. 

It i.s to bo understood that the -basic oxides 
referred to above ace generally used in the form 
of their salts. ()nly the more important 


T). Coloured glass. The range of colours ! materials arc commented on in the section which 
which it is iioHsible to impart to glass is very | follows, 
great. If we inclmle white or opal, it is possible ! 

to divide the coloured glasst's into groups I Aon) Oxinns and THKtii SouacKS. 
according to the origin of the colour. 1 Silica, Sand constitutes the only really im. 

(a) Coloured sdicxitc.*’. A numlKU’ of oxides ! portant source of the silica which is present, in 

jiroduce coloured aiUcates. t'obalt oxide pro- i the majority of lead glasses, to at least 55 p.c., 
duces a silicate which is blue. From a similar ; and in calcium and other glasses to not less than 
cause probably arise the following colours— (if) j).c. Tlio degi’ce of purity demanded in a 
(Jroen: ferrous oxide, uranium oxide (ftuorcs- j sand varies with the type of glass t-o be made, 
cent), chromium oxide, and (at high tempera- ! Iron oxide is the impurity least desired by the 
turo) manganese oxide. Blue: cobalt oxid<' | glass manufacturer. It may be present as 
uml copper oiride (the latter under oxidising ' hydrated oxide, limonito (FcjOjHjO) or may 
conditions). Pink or purple: manganese oxide, j be associated with clay materiaf, in both of 
nickel oxide. j which eases it may be reduced by washing ; or 

(b) Colour due to cull^Utul .'toliiitou or again, a definite iron-containing mineral, such 

pension. The ruby colours duo to gold, coiipcr, j as ilmenite, in which case separation is difficult, 
or Bdenium, are good examples. Each re- j For optical glass, the amount of iron oxide 
agent U added to the batch mixturt* as a salt, i (as FcjOj) should not exceed 0*03 p.o.; for the 
Moompaiiied by a reducing agent (although the ' best table-ware, not exceeding 0*<)5 p.c.; for 
selenium may be added as such or may lx* 1 second grade table-ware and chemical glassware 
reduced by the furnace flame alone). When i up to 0’08 or even 0*1 p.c.; window slasa 
first made, the glasses are either colourless or j O'15 to 0‘2u p.c. ; for dark-green bottle ^ass, 
have a light straw colour, but, on reheating, the j os much as 2-3 p.c. or even more. For practical 
ultTa-microBCopie particles of gold, copper, or 1 purposea, theAi are no workable depofflts of sand 
Beloniuin, grow larger by segregation loodi^ to in United Kingdom capable 01 satisfactory 
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^ for good o^lcal or the best table>ware glaas. 
Excellent sanas are found in Franco at Fon- 
tauebleau; in Germany at Hohenbockaer and 
Nivelatein ; in the United States at liorkoloy 
• Springs, West Virginia, and at Ottawa, llluK)iH, 
with good sands also at various locations in 


Sand 

SiOj 

AI^O^ 

IV^O;, 

Ti()_. 

Fontainebleau 



0 017 


Belgian 

518-04 

0 o:t 

0 00 

_ 

Lynn(I]oam’rti I * 

(toiiblc V 

08 82 

O-nO 

0 08 


M'ashod) • 

Avlpsfortl 

00 :i:i 

0 ;i 1 

0 12 

1 rjHT 

Wacn 

08 o:i 

0 41 : 

0 00 


Kliitfhorn 

92 5)2 

rr«o : 

r;t8 

ira*'' 

Faitldliousc . 

98-07 

1 02 1 

0 13 

tVorksop 

0.-> 10 

2 ri2 ' 

0-r.i 

traee 

Mnckiah Mt. . 

5)5)Tj.-> 

U 17 i 

0 02 

.Not (lo- 

Ottawa, HI . 

05) 18 

0 10 ' 

0 02 

Tt‘r]nine(.l 

Berkeley 

Springs 

00 {u, 

* 

oil 1 

0 02 


nobenbockoer 

0‘)-71 

0 04 1 

0 DM 


NicveJstein . 

5)0 5)7 


0 000 
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; Pennsylvania, Now Jersey, and MaaMohosetts. 

Belgium has excellent sand. The British 
I sands, at present, come from King’s Lynn, 
Ayleaburv, and Leighton Buzzard. 

The following table states the oomporition 
of samples examined:— 


CnO 


XUjO 

K'gO 

Loss on 
ignition 

Remarks 

0 02 

’race 



012 


0-31 

0 13 

0 4.5 

tra <'0 

0-12 


0 10 ' 

0 02 

- 


0‘33 

— 

0-04 

tnicc 

0 22 

trace 

0-12 


0 10 


0-20 

trace 

0-28 

Crushed 

rock 

1 oo 

0-00 

Not det 

Tiumed 

1-32 

Bot determined 

Crashed 

0-22 i 

0-24 




rook • 

107 

(By diff.) 

0*54 


0-20 : 

trace 


— 

0*10 

Criuhed 

0 n 

0 05 




rock 

.... 

— 

0-13 


(>•12 

tr«ro 


_ 

0-23 


'■ 

()-(K)r> 

0 04 


0-04 

_ 

001 j 

0-00(> 


- 


variety. 
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For ojjllcal glass, and. gcinTally Hjicakinp, 
for tlie fiiK'sjj tabl<*-\varc gUiMs, itnpunticH shfuikl 
bo absent as faj' as poHsiblc*, and the jK'rcontage 
of silica reach Slil*/; p.c. 10\c(*pt for iron oxide, 
the other imjuinticH may ov<mi Ik: an advantage 
in the glass wlicn ojitieal glass is not in jircjiara- 
tion, whilst the iron oxide is a useful eoiistiLuent 
when dark bottle glass is to bo niado. 

'J’he sizo (jI the saml gram is also of import¬ 
ance. No ]jartu-les should bo inciijiable of 
passing a aO-mesli sio\e, and a good sand is one 
which consists mainly (more than l»0 p.c.) of 
particles between lit) and 70-inesli. 'Fho coarse 
particles are difTicult to melt; the very fine 
material contains a groat iirojiorlion of impurity 
and may entrap fine air hubbies. 

Boric oxido is arlded variously a.s borax, 
boric acid HjjBOa, and iia oxide, B^Oa, the first- 
named being usable only when the glass 
contains sufiicient sodium oxifle t<i jiennit jiart 
of it to be introduced as borax. The oxide 
is usually too expensive. Boric oxide bestows 
great icsistance to corrosion by w'ater, and a 
small amount (I p.o.) greatly improves lead 
table-ware glass in this respect, whiljit the best 
glass for water gauges and chemical ware also 
contains it as an essential constituent. Jt 
serves as a valuable flux and is a good solvent 
for colouring - materials. Accordingly, some 
colours which are due probably to colloidal 
solution are not readily developed in presence 
of boric oxide. 

Phosphoric oxide in any considerable amount 
is rarely met with. It is employed in special 
optical glasses {e.ff. phosphate crowns) intended 
for use in protected ijortions of optical apparatus. 
Most phosphate glasses are readily attacked by 
atmospheric moisture and weathering agencies. 

It is also used in small amounts in glass for 
table-ware as it bestows on it a. bright appear¬ 
ance. For such a purpose it has sometimes 
been added as bone ash but may bettor be added 
M sodium phosphate (NajHPO^). For optical 
^a<ss, meta-phosphoric acid is tlfe form emploved. 
You in.—T. 


Bhospiiate glasHes, in which the chief acid oxide 
is silica, are tlie ojial glasses jiruduced by the 
addition of bone ash or calcium 2)h{)8phato {p. 

Arsenious oxide (AagO,) (technically 
, ‘ arsenic ') and antimony oxide (8b;,0,) may 
! be chiHsilied under the acidic oxides. Alumina 
j probably also exercisos an acidic function, but 
it is dealt with below under basic oxides. 

Ba.sic Oxiijks, 

Calcium compounds, ('alcium may bo added 
as carbonate, oxide, or hydrated oxide. Pro- 
cipitated carbonate and powdered calcite 
, (hnujspur) are used where impurities must be 
I excluded, whilst chemical lime and soap waste 
(both induatrial by-products) as well os lime- 
: stone, are used for common bottle glass. Burnt 
lime IS largely used in American glass practice; 

: slaked lime is used occasionally in Great Britain! 

Unless for common bottle glass, the impurity 
’ to be avoided is iron oxide. Precipitated calcium 
carbonate usually has negligible quantities of 
iron oxide, alumina, and silica; limespar may 
have larger amounts of each of these ira. 
purities, and the iron may to some extent be 
introduced during the grindit^ of the limespar. 
When used for ordinary white glass, the fron 
oxide content should not exceed 0*1 p.o. In 
the limestones, organic matter and some pbos- 
jjhate may be present. Magnesia may or may 
not be considered as an impurity. In some 
cases it is deliberately added as dolomite lime¬ 
stone, in America as burnt dolomite. 

Calcium carlxif^te in one of its various 
forms has the advantage of evolving gas during 
the glass-melting operations, thus ^ 

stir up the molten material. Burnt lime must 
be used quickly owing to its absorpfcfou of 
moisture and carbon dioxide; to a 
degree slaked lime deteriorates also. On tbs 
other band, burnt lime appears to disMlve mors 
quickly than limestone in eo^um cwbonate 
and it is also free from organio matter. 

S o 
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Sodium compounds nn- introducod as sodium 
carbonatoftcchnjcivlly sinia asli), sodium sulphate 
(‘Sa!t<;ak«jsodimii Tutratc (teehnically ‘soda 
nitre’ and ‘Cliiii nitre’) and borax. All <if 
these serv<- as a source of Hodium oxide for tlie 
giass, and tlie remainilei of the salt i'H(aip<“H as 
a jiiiseoijM ])roduet (‘xeept in the ease of borax 
wliieli also serves as a source of bone oxidio 

l'’or all j)!'aetieal ]iiir|ioses, tlie soiiii ash 
employed is maiiufaelaired by the aminoma- 
soda process. It may lie ‘ dense alkali ’ or ‘ Iipdil 
alkali ’ dejxmdent. on its spi'Cilie gravity. '!'he 
former is jireferabh'. 

'I’be irnpiint-ies are sodium ebloridi* and small 
amounts of ii<m o.\i(le and sodium siil|)ha1e. 
Woda ash is one ot the most tnistworlby pioiiuets 
a glass mamilaetun-r has t.o deal with. 

Sodium siiiphiile oi salfeake has had a great 
vogue in making bnllle glass in (d'l-at' Urilnin 
until K'ecntly, whilst, liolh in this eounlrv and 
uliroad it is largely iiseil for making window 
glass. Jt' IS the eiistom to atld ]>owaIered enal or 
eol«-. aiionl Ti ji.e. of the weight, of the salteaki', 
in Older to assist m the rediK'lion of the latter. 
Souk- im'iiiifaetuieis, howcM'i', work tlie furiiaee 
at a. Ingh tmiipeiature and ri'ly on the rediieiiig 
action of the. lurmue tliiiiu-^ entiieiy. "Whil.st. 
this IS ])oHsihl<‘ in a tank furiiaei' and, to some 
extent with ojien [lols, n I'laliieing agi'iit must 
eui'tiiinly hi' used it s.ilfeake is in whole or juirt 
einjiloyeil in elosed pot opei’ations. 

Ordinary s.uiijileH ol salteake are nineh less 
jmre ilian sodium eai’honate, and may eontain 
hodiiuu ehloi'ule, sodiiim bisuijiluile, iron oxide, 
ciilemm .sulphale. insoluble matti'i’, ami moisture 
as the ehief nnpunlu's. A good avi'rago sample 
should eoiiliuii tM p.e. ot actual sodnnn 
buiphate. Maniples yielding only So p.e. have 
not lufreiiueiitly lieen met with. 

Saltciiko was, juior to Jhlo. mueli cbeajKT 
thun Hoda usli and was used lor this main leaAoii. 
tlcncraliy speaking, glass takes kmger to prep,ue 
when niiide from salteake tliaii fiom soda ash, 
whilst Nulti'iike i.s more corrosive oi funnu'c 
bfoeks than soda ash. 

Sodium nitrati' melts easily and therefore 
serves as a llux^wlnlst ns an oxidising agi'iiL it. 
ju'ovenls lead oxide in lead batches from being 
reduced to metallic lead ami also Inmlers tlie 
development of tlu' green fermus silicate. It 
is added only in eonjuiu-tion with Mudimn ear- 
bonate; that is, it ]uo\idos oiilv the minor 
l)ro])ortion of the total sodium oxule content. 

Borax, as is a very useful dux, 

whilst it serves also us a source of bone oxide. 
It seldom provides more than a binull projiortion 
of the total sodium oxide. 

Potassium compounds. Potassium earhonate 
is the ehief. It may be addeil as or {to 

a mueh smaller extent nowadays) as the liydrated 
form Kgf’tfsHjiO. The usual imjmrities are 
small amounts of •]»otassiui^ chloride ^lul sul¬ 
phate. Bufisian potash often eontains seveial 
per cent, of chloride and sulphate', leading to the 
produotioQ of ojialescc'uee in lead glasses. 
Botaesium jiiitrate is used for similar ri'asous to 
Hodium nitrate ami in like jiroportions. For 
chemical glassware, wheni the presence of 
alumina ia also dcsircy:!, iiotasaium may con¬ 
veniently be added in the form of jiotoHh 
lelsjiar tortlnxihiw*^ KgO.AljOgjtiSiOo. 

Lead is gencruliy introduced as red 


1 * 1 ) 304 , but sometimes as litharge.- Lead 
disilicatc has Ix'cn usiai to a smaller exteiit. 
The darker variety of red lead, containing an 
appreciable amount of J'bOj,, is jirefcrrcd by 
some glass manufacturers. 

Barium compounds. Barium carbonate is 
i tile only otk' in (‘xtensive use. 

1 Zinc is added in thi* form of eai'bonate. 

Aluminium is added m various forms, it is 
generally pri'seni in smaller or larger amounts 
111 the sand nsi'd and 111 the other raw materials. 
It IS also Jib,sorl)ed in small amount.s from the 
lireelay matcriai ot which Die glass jiotb or 
the tank tiii'iiace blocks ai'c made. Kor good 
eoloutiess glas-s, aluniimiim may he added as 
hydrated oxide, Al^O,, 11 .^ 0 , or as calcined 
oxide, Aid).,, felspar, le})id()Ute, and ehma clay 
of low non oxide enident. ('hina clay has the 
I ilisiidvantiigc of being !cs.s easy to ineoi'jioratc 
I ill the batch than tin- other forms mentioned. 

; h'or eomiiion bottle glass, ground bi'ieks or 
tih's, or even dried raw clay, have been used as 
sources of aluiiuiia. 

(•pal glas,s IS freijuently made by the addition 
d>l cryolite, Xa;,AIK;|. * , 

Aiiumna bestows nu’chanieul strength ami 
' resistanei' to chemical corrosion on glass. The 
^ addition of small amuuiitH (1 p.c. oi the total 
bateli) may niaki' melting easier, lint beyond 
d p.<' , lusion m-eds a liot iiirnaee, Ind with 10 
[i.c. the glass is not easy to wmk. 

CoLouiUM-i Aok.nts. 

These liave already iieen (‘iiumeiated. Cobalt 
is added (‘itlier as tlie puie oxide, or, since its 
eolomnig jiower is gri'al, 111 a dilided form, such 
as by jiowdeu'd blue, /affie (an imjmre basic 
I'ohalt ar.seiiati’), or smalt (a glass made from 
]uiwdei<'<l quart/, |>otassium carboiiiite, and 
Cobalt oxide, containing about 2-7 p c. of eoball 
oxide. Tina glass is giouiid tine for nsi'). Used 
alone, Die oxide inijiurts a blue colour; w'ith 
manganese dioxide a violet colour; and added 
in sninll quantities to eo])per and gold glasaea, 
a bluish east is given to the red colour. Cobalt 
oxide iiroduees a faint hhu* eoloui' when present 
to the extent only of I in UH»,00(t of glass. One 
part j>cr HUM) produces a di'C'p bliu'. 

(.’oppi'i- for the production of blue glasses 
may b*' added as oxide CuO or nitrate. When 
added as sulidiate (cojiper \'itriol) a greenish- 
blue colour is obtained. Ftir cojqier ruby 
glasses, eitlicr the red oxide CujO or black 
oxide. CuO is ust'd, in the jire.senee of some 
, reducing agent. In conjunetion with chromium 
compounds, various shades of green may be 
' obtained. 

Chromium is enijiloyed most frequently in 
tlie form of oxide Cr,A> 3 , and jiotassiumchromate 
or diehronmte. Care has to be taken, especially 
W'ith tlu' oxide, to mix Dioroughiy with the 
batch owing to Iimib'd solubility. In lead 
glasses a Icuuui-yellow, and in calcium glaHses 
a greenish-yellow colour is obtained. Barium 
: chromate and cojijier eliroinate have also been 
u.seil. 

Uranium, juodiicing a greenish-yellow colour 
in lead glasses and a fluorescent greenish-yellow 
; in caloium glasses, is used in the form of sodium 
I umnatc Na,Uj 07 , 2 H 20 . 

; Manganese d'oxidc is the only manganese 
: compound employe^, usually in the form of the 
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minery pywlusitc. Under oxidifsinp conditions, 
it produces a purple colour with aodiuni and 
a violet with potaasiuin jrlassoH. Used in con- ; 
junction with ferric oxide, varying shades of 
red, brown, and ])urplc may lie nhlamed. 
dependent on the relative amounf and total 
amount of the two oMd(\s, and, on t)ie jiresence ! 
of oxidising or reducing (-onditiunK. 

Nickel oxide jirodueeH a violffc ((•lour ni 
potassium and red-brown in sodmin classes. 

Selcuuun, used eitliei in the iorm o! tie' 
element or as the .selenite in eonjnnet’^'ii wdh a 
reducing agent, for example, cU'stMiious oxide, 
gives use to various shades oi led \ itr\ing fnmi 
pink to Ill by. 

Decolorisers and the decolorising of glass. | 

Within nari'iiw Imiils ol iron o\ulo I’oiiteiiT. tlie 
greenish colour produced by teiioiis oxuie can 
be removisl bv deenloiisers. OMdising aceiit.s 
sii'ch as sialunii and potasMuni intiales lend to i 
retain or to produce Ibe bigliei' fciiie st.de ol 
oxidation ubieh lias but .slight eolour. nameh'. 
straw or yellow. Arseiiion.s o\ide. wbieli is 
re'adily redma'd, iis-ists m the o.sidalioii <'t 
carbonaceous iii.itteT winch would otherwise 
rcducf- the non to Ihe feinuis eonditioii. 

'rh(‘ usual deeoloMsiMg agenis. howe\er, are 
thoHi' which when ])icscnl alone arc colouring 
agentH. naniciy, inaiiganese dioMile. nickel o\id(‘. 
and 8(‘li*niuin. PolasKiiiin glu.ss containing the 
lirhit-nained oxide shows most m.irkeij absoi’ptioii 
in tli(‘ yellow and giecji p<U'l. of the sjieetium, 
tlic red and violet hemg transmitted. i\ glass 
with iron oxide, on the other Inuid, traiisinils 
green and yellow to the gnaitest extent, whilst 
the I'cd and blue show absor[itioii. 'When the 
two oxides ato present in small amounts ,'>imul 
taniHuisly, lliev (an h nhsoih what the other! 
Iransmit.s, lesiilting m a slight general ahsorpi ion j 
only. Although the resuilmg glas.s may nppt'.ir l 
eo|()ijr]('ss, the rednetinii in tlie light 1 rausinitted j 
tends to create a dull or grevish ajipi’aiancc. I 
J^'or optical glass, raw niaterials with ^'erv low j 
iron oxide (‘ontent are iiM'd so as to avoid the | 
noeoHsity of adding a deeoloiiser. Manganese ! 
dioxide does not perfeeth' decolorise sodium j 
glasses, a brownish tinge being left, winch is i 
removed when a mniutc' amount of ('(jhalt oxide [ 
is added with the manganese dioxide. ' 

Manganese dioxide needs to be used nndei' j 
oxidising conditions, and is thendori' suitable i 
for closed i)ot opeiations. Nickel oxi^de is not I 
affected by the furnaie atrm.Kjihere. It is j 
frequently used with .0-7 ^i.e. of its weij/ht of | 
cobalt oxide in sodium glasses. Seleminii need.s | 
a reducing atmosjihenx making it verv suitable : 
for tank furnace praetiee. It is u.sually om- ; 
ployed in eonjunetiori with Id-.MI tiinoH its own ; 
weight of arsimious oxide. | 

» TiIK (IlA.SS IfAlOH. 

General composition. A number of attempts 
have been made to establish a definite lelafion- 
«hip between the basic and acidic oxide.s of a 
stable glass. 'I'lie sinijile, tw<^ coiiijionent glnssexs 
composed of the sodium siiieatc.s (llV/hr (jIukskm, 
^ee later) are not Kufhcirnfly .stable for the 
manufacture of glassware. Tin* introduction of 
a db or trivalent oxide, such as ('aO, PbO, or 
AljOg, bhngs aliout a largo increase in stability. 
Most commenially successful f|lastw*8 contain 
at leaat three c(»mpuncnt8. Bcurath eainc to 


the conclusion from the examination of a number 
of good glasses on the one hand and faulty on 
the other, that, with the sjiceial exception of 
('(Ttain optical glasses, tlie normal composition 
of salmfuetoiy alkali lime-lead oxide glasses 
should vary between the limits 

N;w(K,_,}8i.,0. I (hi(l'b)Si30j 
and .'>Na£(K 7('a( l'b)Si,,< K- 

'rscluMiscliner about l<‘ii years later (lS8o) 
dediK’rd the following formula for a good gloss 
('(•litaimng tlu' alkaii.s and alkaline earths, 

namely .rA i f/K j 11^ j // jsiO^, w lici'c rA repro- 

.■^ciils the iiiiiiibcr of equivalents of ilie total 
all.alis Na„< > and ). //M of (he alkaline earth 

«iXlde>.. 

.More leccnlly still. Koej'ner (liMi")) lias 
ainved af tlie eoiiclii.sion that in Time eontnining 
glas'^es, the pro]ioi(ion of fJiliea should bo 
gieater when potasli^s present tlian is required 
tor soda. ’I'liiis, wlien one e(iui\al('rit of limo 
m present (/.(, // I), tlie proportion of ixiO^ 

needed is -tf.f'i 1}. It both soda and jiotash 
j'aie pieseiil, ,r te[)reseii1 mg the total e<|Uivalent 
' ol Ike alkaline oxides, and .i K represents that 
' ot K.jO. the aiiiouiil of needed is 



(‘eilanil_\ it is tiue that a ealeiun. glass of 
till' eornpoMlion bSiOo, ('aO, Na^O shows great 
slalnlity, and niaivy’ot 1 he eoinniereial eateium- 
I'oMtainiiig glasses, may, veiy ajiproximately, bo 
lepresenti'fl by tlie srj eaihal tnsilieate forTUulu, 
III whieli. tor e.H li 3Sil)_,, the UuO does not- (all 
below tl'd molecule. 

A\’liil:d expeiK'uee in tlic jiast ajijiearH to 
have led In thi.s adoption ol a. trisilieat-t' formula, 
it lines no! l(>l(ow (liat- lor modern methods of 
tnalnu-nt. it gives tli(‘ most Huitabie glass, 
peddle reeominends a srrdium-ealeiinn-containing 
glass of' conij)ositii»n r>Si(),,, Cat). Na.jO for 
mail} types of liollou ware. Pyn'X glass, on 
the otliei hand, even eonlami. i)L' p.e. of acidic 
oxides. • 

Preparation of the batch. In'modern jilants 
sjiet jalising in tJie prodnetioii ol a limited variety 
ot articles, sueli as bottles, the variou.s raw 
materials are stored m lai'ge, eylmdncal eoneret*^’ 
t.inks, arranged in a row, and at an elevation 
from tlie gi'ourid Hutlieirmt t.o jiei'mit of a truck 
Ol waggi.m to run beiieatli anti coileet from oa(!h 
l)in file reijuired ijuantity of niater'ial for the 
mixliire or bateli. In on- system, a weighing 
niaebine mounted on a motoi-drivcn truck 
j)i')])elled almig a track below tlie storage tank.s, 
earnes a eylindneal drum. Jty means of a 
seii(“H of indieatoj's set by the inanagmnent, 
several Tnateiials may I»e weighed separately 
into the drum, and when the reipiired amounts 
' liavn* bee*i obtainefL the diiini i.s rotated by a 
second motor and iTic batch thoroughly mixed. 
Jt is then emptied down a grating on to a con¬ 
veyor b(‘lt which earricH it to hojqicrs Huaiicnded 
over the feeding end of the furnace. It is 
jK.s.silile, by such a system, for one man to mix 
Hutlieiimt bateJi to maintain six largo tank 
furnaces in continuous o|>eration. 

In other, simpler systems, the nmterials arc 
weighed out into a truck and emptied into a 
mixji^g niuehine such us the ^rniili mixer, 
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8i)ecially made for the jmrpoBc, eoiisisting of a 
short cylinder with truncated conical ends, like 
some tyjK^s of (^onenie mixer. 

Where th(' luimhcr t>f ty])es of glaHBwan? 
made in a factory ib bo large that many different 
hatchcH have to be made uji, as in certain jiot- 
furjiaco worku, a eorniHjiondingly amall mixing 
plant is used, and may consist merely oi a 
rectangular box rotating on an axis jiassing 
through one diagonal, or ei'cn of a simple 
barrel, ifaml mixing is often stdl mnjdoyed, 
tlio materials being weiglied out into a 
W'ooden vat and iiutihI by a \V(K)d(“n scoo]' or 
hIiovcI. 

Batches for different types of glass, i'he 
following batch(!H will seivc to iiidieale tlie 

general ja-oportiuus (if tlu! viinmib (■(m«titiiciil,»j ^ .. . 

used in maUing .hdcrail, gl.isara, Kbpcciall.v i'll,igh grade) 1000, potash 

inustmtirigth(.all.(.lintH..I (b.liiuring.iipae. ying. , l.mespar arsenloll, oxide whilsUa 
or decolorisMig Tiiiiicn.ds rc(|iiire(l VVlillsl i ji,„i „i , [ .ijo,-. may be 

they have aelualiv been emiiloyed in iiraetiee, *’ , „ . , , , ,,,_ , 

it does not follow that iTie l.alehes ie|,ieHent ! ■''•'n'' (Ingh grade) 1000, potash 

the lieat |.osHilile for any jiarlicular lyi.M !' /.J/loau'L'iV’! 

oiieralion. 

i’he terms hotia ash and ])ot;sh, iikciI ItIow, 


in. Chemical, general sclentifte, and illnmin 
atlng glassware. 

A. (ila.sn tuhin^i for gennral chemical purposes. 

Lynn douhlc-wushcd sand 1000, felspar 367, 
limcs})ar220, Bodaash 48, potash 151, magnesia 
4, manganese- dioxide 2'lt). 

I.ynn (loni)le-\vnahe(l Band 1000, hydrated 
alumina iHtf, Iiiiiespar 1H2, magnesia 15, potas- 
Slum nitrate iO, soda ash 150, calcined borax J.85. 

IV. Optical glass. 

.Snell (^jlasHcs aic designed to meet certain 
speeilic icipnrcmeniH of refractive index and 
dispcjsion, and Ili(^ biitcla's for these must bo 
ai ranged a<7’ordingly. 'I’hus, an ordinary crown 
glassof ajipioximale refractive index ri^>~l'517, 
lie obtained from the 


eonesjioml to aiiiiydrouH sodium carbojuite 
(.58 p.e. alkali) ami jiotassmm earbunate 
respeetively. 

I. Lime-containing glasses. 

A. 

1. Qiiu'k-Ni'IInnj yin'll f<n /hiiiiI.iiiiii/i 

bci'tiugf htfldt'.s. .Sand J(H)0, iime,stone. 500, 
soda ash 300, salU akc 100. 

2. k'or iiuK'liDir, Sand 1000, soda, 

usli 375, limeslonc 175. 

3. O'Snll'.'t (Old fiiniilni nmclnn'.y. 

(a) (iohinli'ss. KuHt-grade siuiil l00«b soda 
ash 375, limespar 170, borax 1. arNeniouH oxide 
], powdered biuoO'Od, selenium 0'03. 

{}>) Aiii-hi'r-colfuircil Sand ItlOO, soda 

ash 380, limeNtoiio ISO, sulteake tS, earlion (as 
coal or c<*lve) 10, graphite 1. 

lb Chmp fen co/iimnu iml (umblrr.i. 

1. White Blind UMiO, soda ash 400, limespar 
180, arsemous oxule 1. selenium 0 03. 

’ 2. Mrihnm^ (jmiltlii ijius.s iu'tii.hl( i.'.. .Sund 

I0(K), Hoda ash 300, potash iVI, limespar 100. 
baryta 100, jiotassium nitrate .50, mangaiuse 
dioxide 2. 

C. Wnidow (jhm. 

1. Sand 1000, soda asli 2()t*, saUeake (30, 
iimestone 370. 

2. Sand 1000, snltcake 120, limestone 300, 
powdereid anthracite 17'5. 

11. Lead-containing glasses. 

A. Best crystal glass for inblC'U'are [English 
crystal). 

1. Fontainebleau (or equal grade)sand 1000, 
' potash 330, borax 30, potassium nitrate 40, 

red lead 660, arseiiious oxide 2-5, manganese 
dioxide 2. , 

2. Semi-crystal. Fontainebleau (or eipial 
grade) sand 1000, potash 350, limespar 140, rod 
lead 100, nickel oxide 0‘02. 

B. Electric light bulbs. 


xidc (I’bt)) 884, arHeiuoiiB oxide (5. The variety 
of batches (or o])tn-al glass is very great. 

V. Coloured glass. 

A. Wlntif (ilabastn, or 

1. Alaha.dcr. Sand 1000, red lead 560, 
soda ash 400, Hodium nitrate 50, sodium chloride 
50, Bodmtu lluonile 75, ahmiina calcined 225, 
felsjiiir 120(1. antimony oxide 5. 

2. Cryolite n})a(. Sand 1000, soda ash 230, 
jiotash 40. cryolite lOO, felsjiur 100, fluorspar, 
I0(h jirHeinous oxide .5. 

3. Hone-ash opal. Sand 1000, potash 300, 
soda ash 70, bone ash 300, liuicsjiar 100. 

4. Milk white, glass for hunp shades, Sami 
iOdO, Boila ash 150, ielsjiar 180, fiuoisjmi' 00, 
cryolite 80, tin oxide (.SnUg) 40. 

B. Bhiek glass. 

Sand iOOO, iioiash 10(1, soda ash 250, limc> 
sjiar 1.50, inangaueBe ilioxule 100, copper oxide 
80, eubtdi oxide 40, hammer scale (Fea 04 ) 40. 

('. Red glass. 

1. (Jold ruby. Sand KKM), red lead 440, 
jmtash 2(M), borax 2(J0, gold chloride 0‘3(). 

2. Cop'pei riihy. Sand 1000, potash 200, 
rod l«‘ad 300, cupric oxide 3, Htaiinoufl oxide 1. 

lu both these eases the ruby colour is only 
develojied on reheating th<‘ glass at the mouth 
of the furnaeo. 

i). Yellou' glass. 

1. -4m7>rr yellow. Sand 1000, soda ash 260, 
potash 100, limespar KiO, sulphur 15, arsenioua 
oxide 5. 

2. Orange yellow. Sand 1000, potash 120, 
Hoda ash 190, limcBpar 145, potassium nitrate 
5, uranium oxide 3, selenium 0'6, orseniouB 
oxide 2'5. 

• 3. Canary yellow [opal). Sand 1000, potash 
300, red lead 150, limespar 90, potassium 
nitrate 50, calcium phosphate 30, borax 15, 
sodium sulphide 7‘5, Kochelle salt 7*5, cadmium 
suljihide 30. 

F. Gicen. 

1. Vegetable green. Sand 1000, soda ash 


1. Fontainebleau sand 1000, soda ash 330, 320, limespar 180, potassium chromate 6*6,• 
rod lead 480, borax 90, felspar 70, sodium nitrate ^ hammer scale 4, ai-senious oxide 4. 

50, manganese dioxide 2. I 2. Golden green. Sand 1000, potash 1(X>, 

2. Fontainebleau sand 1000. soda ash 140, ; soda ash 200, burnt lime 140, red lead 3, caprie 

piitasb 200, red lead 160, limespar 120, manganese | oxide 5, uraniucai oxide 13'5, arsenioua oxide 5. 
dioxide 0'5, nickel oxide 0*02. , ' 3. At'etUariiw green. Sand 1000, soda ash 
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350, felspar 220, fluorspar 100, barium carbonate 
IW, potassium dichromate 120, manganese 
dioxide 60. 

F, Blue. 

1. Dark blue. Sand 1000, soda awh 350, 
limespar 160, cobalt oxid(' 2. 

2. Aquamarine blue. Sand 10(M), potash .W, 
Boda ash 250, limespar 16, o<*pper vitriol 20. 

3. Azure blue. Sand 1000, pota.sh 200, Iitno- 
spar 120. cryolite 120, copjior vitriof45, smalt 5. 

Sand of high grade is dfsirahle in most cas<-s 
or producing coloured glasses. 

Any Latch taken from a list si#‘h as the 
above may require adjustment to suit Jiie 
article for whicli it is to be worked and tlie 
normal temperature of tJie furnace. The colour 
also dejxmds on: (I) the freedom of the sand 
or other raw materials from iron oxide : (2) the 
presence of oxhhsing or iedu< ing condition.^ ; 
(3) the nature of the oIIkt constituents present. 
Thus, as previously indicated, th(‘ satm^ colouring 
agent frequently yields someuhat difTeri'iit 
colours aucording as the glass ermtains k^id or 
calcium, or according as the alkaline eli'rnent is 
sodium or polas.siiim. 

In general, closed pots are most suitable for 
coloured glasses, although cobalt blue, mm 
oxide green, vegetable green, uiul corlam sbadr's 
of amber can bo made successfully m tank 
furnaces. 

in addition t<i the raw materia.l.'i stated 
above, it is usual to add a jiroporLion of ]>revi- 
ously molted glass or cuilet. The amount 
may vary between 20 and 35 p.c. of the Height 
of the raw batch. W'hatevor anioupt is useil 
it should bo ku]>t constant. 

Tub MBLTiNii op C.I-lass. 

(flass is molted in (slay jiots or crucibles, in 
a pot furnace or in a tank furnaue. 

Pot furnaces. Pot furnaces are employed 
for the manufacture of table-ware glasw, jifain 
and coloured, and optical glass, and generally 
in factories where a number of diilerent tyj)eH 
of glass are made Kimultaneonsly. 'J’hey aie 
used for making glass of tho highest quality. 

A pot furnace may h()hl any number of 
pots from two to eighteen, and th<‘sc may i!on- 
tain from about 4 to 30 cwt.s. of glass. The 
floor or ' siege ’ consists of thii^k fireclay block.s, 
and ite shape may bo circular, oval, or rect¬ 
angular. Rising from the floor arc arches, the 
pUlare of which are of fireclay or sihea hrick.s, 
and the arch is of such dimensions as to 
accommodate a pot of definite size. A curved 
roof of silica bricks called the ' crown ’ com¬ 
pletes the enclosure. 'I'he understnicluro de¬ 
pends on the mode of firing adopted. In the 
old direct-fired, and the semi-gab-fin'd system, 
a circular firebox is built liciow tho furnace 
opening into a circular hole in the .siege called 
the ‘ eye ’ through which flame passes from a 
ooal fire, or round which combustion of gas 
should begin to reach an advanced .stage. 

Modem furnaces are of two types, recupera¬ 
tive and regenerative, both fired by jiroducer gas. 

Figs. 1 and 2 show two vertical sections of 
the Hermansen type of recuperative furnace.^ 
The firing is by means of producer gas generated 
in the producer P, which forms part of the 
underetruoture of the fumacd^ The gas rises 
to the eye and is mixed wim the secondary 


preheated air w’hich enters tho shaft just below 
the eye at B. The preheating of the air ia 
accomplished in a senes of rootangiJar fireclay 
tubes, the ends of which are seen in Fig. 2. 
Those tubes are made and put together in such 
a way as to constitute one set, the ends of 
which are seen, giving exit to waste hot gases, 



and a second siu'ii's at right angles f<ir Ihe air. 
The waMte gases from tho furnace are divided 
into two streams which ijhsh, one into each 
rocuix'mtfu', through the tubes and downwards 
into tho main clianm*! leading to the chimney. 
The air outers at the base of tho recuperator, 
and following a course at right angles to tho 



spent gas, rises, and becomes hotter and hotter. 
It finds its way out at B. 

The pots. 'LTiese are made in varioos aizee 
and shapes, and'may be covered or open. Pig 3 
shows .different types: (a) a closed or oovoiod 
pot is used generally for the highwt grados of 
glassmaking. In one type, the ‘ oval * or ‘ dOg* 
house ’ pot, tho distance from the month to tha 
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back is considerably proater than between the j 
side w’ivlls ; (h) an open pot, nsed for modium j 
quality ^.diiss, jncliKliti/' pJato ylasy and also, in i 
America, f'>r ojttu al ylasH ; fr) a skittle pol, ' 
used in llie furnace in an inclined jiosition so ; 
lhaf. Ilie woikmaii can readily [.'atlier tlie j'luss : i 
{(I) n fioletle, iiserl occasionally in tank fiirnau's 
wlicic llie I'liarjim^ has to la- done at the sides ' 
anil nut at the end ol th<- lank, ami a.lsi> wln-re 
tlie Icnii" lat'ue at,the uoiKintr end nials<-s tlie 
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Rlass too fluid. 'Plie ^lass Jroin the bmk lious 
into the jiolette ihroueli au ojienm^' near lln* 
liottom. 1 ho ])u(s an' made of lireel.iy whieli 
has been eurefnlly |iu k(‘(l and veatlieri'd.* Tlirei' 
lireiday eonstitiK'iits iro In form the lempered 
mixture from wiueli the pot is fmilt. namely, a 
plastic clay eallt'd a bind clay, a. has*' eiay 
\\'luidi slionld be as lefcactoi'v as possible, and 
Krofi. or mixed liieelay uliieli has been pri'vionsly 
burnt to a. ln<j:h iemja'i'atlire. Analyst's ol 
lireelays whieli liavt' found I'onsidt'i'abie list' for 
glass pots art' as follows : - 


riiimiCNTAOK {\)MI‘l)SrTl(lN' OF Cl.AYS AFTFU 
kiNirioN. 

1 :: :! 4 


SifG • 

. (JS'oS 

oTrilo 

75'(;o 

71't>() 

AioG, 

. 2.V2I 

37-27 

Il)-2b 

22'.‘>4 

Fe„Oa 


2lfl 

2-;to 

2 

'I'iO., . 

1'75 

1-20 

1-27 

1-17 

(’aO . 

. o-:{;i 

0*48 

(i-lll 

0-17 

Mgt) . 

. 0-'->S 

O'4.5 

0'40 

0-4‘l 

KjO . 

. (l•fl(> 

0'4:i 

O'SO 

0-72 

Na,0 . 

. (*':i7 

0-(l? 

0-11) 

0-42 

1 and 

2, Stouibridge clay 

s 3, 

Ifahfax, 


Yorks; 4. Huddt'rstiehl. 

Tho chemical cnmjiogition, however, is liy 
no means a sure guide to the jiropt'rties of tlie 
clay, 

Tho relative proportions of clay and grog 
for n i^Kit mixtni'C vary, 'riio ft»llowing are some 
which have been employed; (1) Stourbridge 


base clay, r>; Stfuirbndge bind clay, 4 ; burnt 
mixed clay, 2; ptiisberds, U. (2) Mixed 
Stourbridge clay, h ; burnt Stourbridge clay, 5 ; 
potsfierds, T). 

Tilt' proportions are always measured by 
volume. Tlie lirst formula is ty])ioal of Britisn 
]iraetiee, the si-coiid is one used in Germany. 
Potslu'tds ai'c obtained from tilil pots by chipping 
off nil glass and crushing to a regular grain size. 

h'l'oni the, moist and plaslic. temjiered clay, 
till' pot IS usually built u]) l>y liand in ^stages, 
allow mg mlervalsfoi Hit' uniform 'irying of thd 
ma.s^, IhiCbase being cotisideiably thiekcr than 
flic upper jiortions. I’ots art' built quicker by 
using a W'loflt'ii mould or Hliaj)*'. in winch tlie 
eiav IS lunit and hammered to n'lnove air 
hiiiibles. More reet'iitly. tin' easting process 
has coiiir into list*. 'I’jie clay mixture i.s made 
fluid Ol eoiivurled into 'slip' I'v lix' addition 
of a, small amount iii a Mealv solution of sodium 
carbonate and silicate 'I'liis slip is poured into 
a plastei iiioiiltl eontaining a coi'c, and the 
plastci' absorbs tlu' moisture pi'oduciiig a firm 
structure The crown or covt'r is usually east 
s*'paiale!y. and iimli'd ulnh' botli it ami tfic 
bod_\ art'still moist though turn. 

The pot IS now allowt'd to diy slowly, devices 
being employed in modern plants to ciinti'ol tlie 
(legK'c of humidity. Siibsi'ipieiilly, tho pot is 
sloK'd foi months in a div room at about (iri^F, 
])rio]’ to use and kepi trei* from vilii'afioii. In 
lireparatioti for llie glass finnaee it is first lieated 
111 II special i'uniaei' e.dh'd a pol areli. in wliich 
til*' fi'mpi't'atiiie e,in slowly Ix' raised to aliout 
IlflO (‘. or 1200 ('.. and tlii' moisture, eomlnncd 
water iimt earbomiei'ous matter,- diiven off. 
In Amei'ie.i, th*' following lat*' tif lieafing is 
I'lUisidi'ic'd go<id piai'tiee : m I day, 7.“r('. ; 2 
(lays, 12o ('. ; days, ATIA*. : 4 days, uUfKtk ; 
■) (iavs, sli; ; b da\s, 102')'('. : and 7 days, 
IKitbC. At' tlu' last•TTK'iitiom'd temperature 
llu' pot sliould b(‘ tm^intami'd for 11(1 houra. 

The jiroeess of ‘pot setting' next foliowfi. 
The poti is ri'imivi'd from the ])ol ai'cli on a 
lu'iivy iron carnage and placed earefully in 
[losilion III one of tlie arches of tho furnace, 
and the front of fhe lU'ch elos<'d as rapidly as 
possible, [irefenibly by lirecluy blocks made tti 
lit. Ill*' ai’i'li. 'riie only jmrt {‘xposed is the neck 
or moulli of the elost'd ])ot, and into this neck 
or mouth a flat slab or Htn])])cr is placed. An 
o]ii'n pot stands entiiely Ix-himl the furnace wall, 
bi'ing worivcil tlirough an ojiening in the latiiT. 
When 111 position th*' pot sfiouhi be allow’cd to 
remain I'lnjit)’ for a day at as high a temperature 
as |»ossil)l('. sliort i>f incipient softening, before 
being glazed and filled. 

Tank furnaces, 'riiese ar*^ of much later 
introfluction than the ])ot furnae*'. Kasentially 
tliey eonsist of a tank, tlu* bottom and sides of 
whu'h ar*' eompost'd of smtahlo refractory 
liloeks. usually pot clay, a silica brick crown, and 
means* of introducing batch and flame, and of 
removing glass, in size they may vary from 
a di'uil weight capacity of about 2 tons to 1250 
tons, the latter being the approximate capacity 
of one window glass tank in America. Furnaces 
of from l(f0 to fl.oO tons deadweight capacity arc 
quite usual. 

Fig. 4 represents tlio eross-section of a glass 
tank furnace. Jl will be seen to be simiUr, 
generally, to an open hearth steel fumoce, 
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The bottom (A) consiataof olay bloeka Bupport*tl 
on girders, resting on piers so that air has (.lirect 
access to keep the bottom cool. The sides 
below the port mouth usually consist of three 
courses of fireolay blocks (IJ), iinnodcru fin-naces 
t) inches thick. Hound tlio nnmth <if the jK'tt 
(P) the blocks are c)f silica, niul tlic crown ((') 
is of silica brick, 'riie tank furnai'c Hbc)\\n is 
heated by }>ro(lucer ^.nis and is of the rei'emnalivc 
ty})(% the Older and lari'er eliamber for jire- 
hcating the air, the other the uas. I n the fui'nai!C 
shown, the tongia* in th(‘ poii is air-eook'd by 
two flues wincli run through i1. 'l#ie gas and 
air mix before entering the tank itself. A 
glass tank fnrtiuce always consists of a inclling 
onii and of a woiking emi, and almost always 


there is a division between tliem. This often 
consists of a double wall of firoclav blocks with 
a square or a circular ehaiinol called the ‘ dog 
hole ’ communicating between the two portions. 
Jri other cases a floating fireclay bridge or dam 
consi.sting of two or three }>ortions is used. In 
both cases the olij(‘ct is to prevent unmelted 
bateli or ollitM’ floating impuritio.s from passing 
into the working imd, wht're <-lear, hubblc-froo 
glass IS ie(|iiir(‘d. The small rirtangle (D) in 
till' mid(]l{‘ of the ligine is The ‘dog hole.' The 
largei rectangle in broken oiitiine(H) lunTcsponds 
to tiio end of tlio «log lunisi', that is, a well 
which IS merely an exlerismii of tin* melting 
end of liio fuMiaci' into wlneli tiie batch mixture 
IS ebargod. 



fn modern furnaces tlie melting end only 
has gas }ioits, and those may be from tw’o to 
seven or more in number, di'pemlmg on the «!>*,(• 
of the furnace. Reversal of the direction of 
the flame takes jjlaeo at least (Nieh halt-lnmr. 

The fusion process. In a pot funmee, 
supposing the ^ot to have been set and mam- 
tained for some tune at the tem|)erci1 lire of the 
furnaci*, a small quardity of cullet is usually 
added so as to furnish a glaze for the sides 
and bottom. Hatch is then filled in hy hand 
(except in some jilate glass f.ietories where a 
changing machine i.s used) and mcUing begm.s. 
Gas ia given off fiom the bid-eh nmteruils, 
mainly carbon dioxide and moisture, and 
helps to stir up the inoltim mas.s. When all 
batch material lias disappeared, bubbles of gas 
usually remain, and to idiininate them the 
temperature is alloweii to ri.se, thereby reducing 
the viscosity of the glass and enabling them to ! 
escape. Assistance is sometimes ncce.ssary in 
this ‘ lining ’ or ‘ pllfining ’ jirooess, as it is 
called, and is given by jnisbing small pellets of ; 
ammonium nitrate or white uraenic a.s lar below j 
the surface as possible, or by water, jmshed to j 
the bottom in a blowpipe. These materials - 
produce large bubbles on volatilisation and sweep j 
out the small ones, Wlicn free from bubbles | 
the glass is ready for working after it has I)een ! 
Bulhciently cooled as to attain the workable ; 
coniristency, and after skimming the surface from j 


In a tank fiiniaee the charging in of butch 
and the woikmg of fhe ‘ (inetl ’ glass are con- 
I ttimoiiH, as pievuuisiy evplamed, and tbo 
j temjieratiirc is maintained constantly higher at 
; the melting than at (he working end. 

The Mantfaci [’HE of Dji rEiiEN-r Tv'pks of 

G LASSWARE. 

The mauipiil.itioii of glass s\nd its formation 
into artu-lcH of ghisHW'arc can lb' earned out* 
I entirely liy hand, in many cases now also by 
rnaeluuc. Machinery is now rajiiilly displacing 
hand labour for the common types of glassware 
[ capable of being jiroduccd in bulk to a standard 
j pattern. In practically all cases the molten 
gla.Hs in the furuaec ia taken and shaped straight¬ 
way into the tirtielc.s required. 'J’wo exceptional 
cases are : (1) in the manufacture of better-class 
optical glass lenses ami prisiiis, 'where the pot. 
of glass is allow'od to cool <iown slowly and the 
cold pieces of glass form the baois of further 
working ; (2) in t^jo lampworking or bench-glass 
blowing industry, the raw material for wmioh 
consists of glass tubing or rod jiroviously made 
at the furnace. 

lUanipuIation by hand. 'I'he processes in- 
volved and tools used are numerous; two or 
three of them are common to almost every 
operation, some others are also of very general 
use. Thus, gathering glass on a blowpipe and 
niarvering it or shaping it in a* shaping blocl^ 
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are the usual initial stages in making any glass 
object. 

Fig. 5 (lejiiotH several of the more essential 
tools. The blowpipe (o) has a rounded end 
for mouth-piece and a ‘ nose,’ usually slightly 
trumpet-shaped on tlio end of which glass is 
gathered by dipping into and rotating in the 
molten glass. 'J’he niarver is a polished iron 
plate on which the gathered masH is rolled 
on the end of the niarver until it attains a 
cylindrical form, ealled tlie pfirisnu, cither hollow 
or solid, the hollow form lieing obtained by 
blowing dow'n th(^ ]>ipe. Tlie glassnuiker’s chair 
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glass is frequently blown in a mould and the 
stem and foot added at the chair. 

The following diagrams (Fig. C) will serve to • 
illustrate the operation of producing the hand¬ 
made tumbler, that is, an example of tum^ 
work, A very small (juaiitity of glass is 
gathered on the end of the blowpij^e and blow® 
out into a Kinall bulb (u). This in turn serves 
as the l•cnln“ round which a furtlier gathering (6) 
is made, sulhciont for the si/.o of tumbler to be 
made. By blowing tlown the jiij^c and also 
rotating llie nia.ss of glass in a sliaping olock, 
the shaja* f.‘) is obtained, tlie constriction being 
made so that eventually the fully blown 
V(“ssels can b(‘ detached readily. By 
.swinging the iron slightly, and by the 
furtlier use of the shaping block, the 
parisori i.s given a .slightly conical shape 
((/), after which, by blowing and swinging, 
shajK* (c) i.s obtained, and finally (/), 
after the somewhat tliiekcr bottom has 
beiTi llattened out by contact with a flat 
and pei*fectly smooth iron jilatc. The 
])i]ie IS detaelie<l by drawing a t<iol across 
the eonstneted part of the shoulder'while 
the vessel is still hot and then giving the 
! iiipe a slight tap at its e.vtrenio cud. The 
! tumbler, with adhering shoulder, is now given 
I its final form m one of two ways. This may be 
done at the clmir by jilacing the bottoji of the 
tumbler in a holder, rt'hoaiing the shoulder in 
the mouth of the furnaei*, and cutting it away 
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(6) has projecting arms on which the blowjiipe is 
rolled backwards and forwards in order that the 
spinning or rotating shall jircserve ilic rounded 
outline of the vessel. At this chair sits the 
roaster workman, or glassmaker, who finishes 
the article by means of various tools, such as 
the tonga, shears, callipers, and flattening 
• boards showm in Fig. b, in conjunction with 
rotation of the pi]xi. 

The various tyi>c8 of hand ofK'fation may be 
classified as (I) free hand' work, involving 
ntbering, marvering, blowing, and drawing as 
Ul making glass tubing; (2) turned work, or 
obalr work, involving, may be, all the preceding 
processes ^gethor with the use of tools; (3) 
mould blown work, in which the marvered 
gathering is blown out in a mould—bottles, 
electric Tamp bulbs, beakers, and flasks; (4) 
combined mouid and turned work. This l^t 
Is now common. "Kowadeys the bowl of a wine 
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by means of shears. The glassmaker then 
finally rotates the cylinder on the arms of the 
chair, and by means of tongs rounds off the lip. 
^J'he second process of finishing consists of 
making a scratch horizontally on the tumbler, at 
the required shoulder height, and then causing a 
crack to follow this scratch by rotating 
tumbler at the V>p of the flame from several 
fine-pointed gas jets. Cracking off machines 
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are conatructed in which these processes can be 
readily carried out. The edges are rounded off 
bv gas flames, applied either in another portion 
of the cracking on machine, or, by placing the 
tumbler in a holder and rotating the mouth in a 
gas flame. 

• In the case of mould-blown glanHwarc, the 
gathering of glass after being marvered and 
formed into the parison, is ]))own out into a 
mould corresponding to the external size of tlie 
article reguired. 1’he moulds may of wood, 
carbon, brass, or iron. Moulds of Hpc'cuil alloys 
have also iK'en tried. The mcmlds of wootl and 
carbon produce the best finish, whilst tlie iron 
moulds are less satisfactory from this point of 
view, although their durability causes thcuu to be 
used in the majority of cases. Metal moulds 
may be used dry or may be covered with some 
form of lubric:ation, usually a paste, in wdiich 
case the moulds are referred to as paste moulds. 
The paste is frequiMitly a mixture of lijudy- 
divided carbon, such ns lamp black, red lead, 
qnd Unaoed oil, but otIuT forms of jjaste are in 
use. The jiastu must be thinly and uniformly 
apread, and tlie moulds after each bh'W'ing 
operation are dijiped into w liter to cool them 
and jirovent the jiaste being burned away too 
rapidly. Electric lanif) bulbs, chinineys, blown 
tumblers, beakers, and flasks are blown in jiastc 
moulds.* 

Hand-made bottles are almost invariably 
blown ill dry moulds. 'I'he jirocess involves 
gathering at the end of Jhe pipe, marviM-ing into 
the parison, wliieh usually has n soiiiewliat 
smaller diameter at the end adjacent to tlie 
pipe than at the free cud, sM’inging sliglitly to 
cause elongation, and then blowing out into the 
mould. Two methods of finishiug tlie bottle 
are used according to the thickness of the nock. 
In heavy bottles w’itli ii thickened neck the 
latter is made at the funiaee by the bottle 
maker, who adds an adilitional ribbon to the 
neck where it has been broken off from tlie pipe, 
and then by rotating the bottle at the chair 
and inserting a neck-forming tool the neck is 
given its final sha})e. In lighter made bottles, i 
such as those lAed for medieines, the end w’hieh 
boa been burst off from the blowing iron, is 
ftoftenod in a small subsidiary funia e known 
as a glory hole, usually heated by tow’n gas or 
oil, and the neck is formed by pressing back 
the softened portion of the glass by means of 
the neck-forming tool. 

• Glassmakinq Machines. 

These are of various types. Six main types 
may be distinguished according to the ’process 
involved. 

J. Pratsinij machines^ as used for tliick and 
heavy dishes, glass reflectors, jars, &c. 

The machine may bo hand operated, os in 
the case of largo glass dishes. The mould 
consista essentially of two parts, namely, the 
mould proper into w'Jiich any design may be cut 
so as to produce tht> design on the exterior of 
the glass article, and the plunger, corresponding 
to the interior of the vessel. The mould is fed 
with the requisite quantity of glass, and the 
plunger brought vertically down into the middle 
of mass of glass, pressing it out so that it 
oooupra the mould completelg. 

2. Blowiing machinest either semi-automatic 


or fully automatic, in which tlie gathering of 
glass is blown out into a mould. Such machines 
are used for making giaas ohimneys, blown 
tumblers, electric light bullis, &o. I'ho manu¬ 
facture of the latter is referred to later. 

3. Prf^ning and blowing machines. In such 
machines there arc two sets of moulds. The 
first into whhfli the requisite quantity of 
is cliarged is (villed the ‘ parison mould.’ This 
gives tlie initial shajK; to the neck of the vessel, 
the nock being formed by a plunger under 
pressure, in Home oases by suction. The second 
set of moulds, known as ‘ finishing moulds,’ have 
the gla.s8 from the parison mould transferred to 
them and the article tlnm blown up to its 
complete shajje and size. 

4-. Drawing uMchine^ such as those in which 
sheet glass and also glass rod are drawn out 
continuously. 

n. Blowing urul drawing vuM’-hinesy such as 
for the continuous manufacture of glass tubing 
and cylinders for window glass. 

li. Casting and rolling machini’s, as in the 
manufacture of jilato glass w'ith its various 
varieties of rolled, ijlibed, and wired glass. 

A few illu.stratioim will now be given of the 
production of different typi's of articles in glass. 

Gonsiduring these tyjies in the order of the 
classification given jireviousiy, common forma of 
glass ware made from sodium-calcium glass 
eomo first. 

Bottles. 'I'he hand process lias already been 
referred to. It is now largely oonfined to small 
bottles sucli as are used for medicines and 
perfumes, and es])ecially tlie small bottles which 
an' to be iirovicled with a ground-in stopper. 
Most bottles and jars arc now made by 
mni'hine. 

ITg. 7 iliustratuH one modern ty^ of bottle 
machine, narmdy, tlie O’Neill. The machine 
consists of two (iiroular tables each earrying six 
moulds, t)io one table carrying the parison or 
ncck-shaping moulds (P), and the other the 
finishing moulds (F), seen in various positions in 
the figure, one of them being o|)en. Glass is 
fed into one of the parison moulds from the 
furnace, and after insertion the operator touches 
the trigger (T) by means of his blowpipe, when 
the nmchme is set into operation and the mould 
moves forward to its second station. At the 
second station a blowing head (H)- descends on to 
the top of the .parison moulds, and the plunger 
is forced up from below to form the neck. At 
the fourth station the parison is transferred to 
the second table into the open blow mould, 
which then closes round it, and a blowing head 
at the second station on this tabic comes down 
and blows out the bottle. A further automatic 
device removes the bottle from the mould. 
When fed by hand such machines make 
from 10 to !.'> bottles per minute according to 
size. 

Mrfbhincs of ^is tyjK} are also adapted^ by 
using suitable moulds, for jiroducing jars and 
lamp-shades. 

. The machines may lx: made fully automatic 
by feeding them either by means of what is 
known as a flowing device or by a gloss feeding 
device. In very recent years these devices hove 
come into extensive operation. In all eases 
the device is attached to a glass tank ioniacs; 
pots are unsuitable. UsuaUy it consists o| a 
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short trough, oonatitutitig nn oxtonnion f>f the 
tank fiirrinro, and from the trough glass either 
flows by gravity or is |>ro))cllefl incchanieally 
through an orifi( <'. below whieh a pair (jf shears 
Hovers the glass mto j)K‘('es of unifurm weight. 
In the Hartford-Kjiirmont feeder, th(! tempora- 
tuiH! of t he glass in the trough or for(^h<‘arth is 
controlled by gas liiiriKas, and the glass is 
Kcoopi'd over a s|)()iil. at the end of the trough 
by means of a ])a<idh“. 'I'lie operation of the 
feeding device is limed so as to correspond 
]>ix*eiseiy witli the motion of tlio glussmakmg 
luachiiu', so that a mould stands reaily helow 


the footler at the moment when a piece of glonfl 
ia severed by the Hhears. 

Machines similar to the O'Neill are the 
W. J. Miller, tlie Lynch, the Edward Miller, the 
Tee])le, the Cox, and the Hartford-Fairmont, 
all of tlii'in of Amc'iioan design. 

J’'ig. 8 illustrates the l.^-arm Ow’ona machin*, 
whieh IS eomph'tely automatie. Each of the 
arms is prt»vi(led with a ]»arison mould and a 
linishing mould, (n ojieration, the parison 
moulds as they are earned i-ound the machine 
ar«% by a spf'cial movement, lowered into a 
revolving •ireular trough of glass fed from the 



Fic 

main medting tank furnace. Glass is sucked 
up into the parison mould ami thi^ neck i.s 
formed hy suction, and not by pressure in tliis 
case. As the jianson mould Jeavi's the trough 
a knife severs the excess glass from the bottom 
of the mould. The parison is next transferred 
to the finishing mould ami blown out comnletely. 

Such machines have actually lieen auajited 
for making bottles and jars of all sizes, from 
about J oz. u]) to a I'arboy holding In gallons. 
In the cose (d very tiny bottles as many as 
160-200 per minute art' jiroduced. This quan¬ 
tity is obtained by making each mould double 
or triple, so that at each rototion cither 30 or 
45 bottles are pniduced. 

Window Window glass is made by 

hand and by varjmis types of machines. In 


the hand process the figures (Fig. 9, p. 300) 
illustrate the several stages of the operation. 
Glass is gathered and marverod, and shaped 
info the ball (a). By rotation and blowing in a 
shaping block, the pear shajic {/>) is attained, 
and subsequently (r) and (cf). The glass is 
then swung, ]ienclulum fashion, at the end of 
tlic l>low})i{)e m a rectangular pit, the operator 
standing on a platform. The end of the cylinder 
may have to be reheated several times in the 
mouth of the furnace before the full length is 
attained. The end of the cylinder is cut open 
with the shears, and by rapid rotation the 
mouth so formecl expands until of the same 
diameter as the main portion (g). The shoulder 
is then cracked ofk{h). The size of the cylinder 
iqade varies in different countries. A length of 
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a^ut 5 feet 0 inchea and diamoter about The cylinder la out into lengths by on 
1- inches is frequent in this country. ' oleotrically heated wire, and each portion split 

Much larger cylinders are made by machine, j longitudinally by a red-hot iron rod {k). In 

In one process a charge of about 55<) Ib.s. of j some cases the cylinder is split into two parts, 
gl^s is removed from the tank furnace in a | The split lengths {1} arc placed in a flattening 
ladle, trausfcrretl to a shallow circular llreclay j furnace on a smt)oth stone table and flatten^ 
Jirough, and after its temperature has i)een ■ l»y use of a wooden block, 

adjusted by gas flamos, a ])lowing head is lo\v(‘red | \\’hon flat, it is ]>as.sed forward, after slight 

into the glass, kept there until tlie glass adliercs, j cooling, into the annealing kiln, 
and IS tluai drawn out .slowly, air under low ■ Tw'o processes of window glass making bv 
pn'ssure (1 2-meh water jiressure) passing down , macliinery jinalueo the tiatteiieil sliect straight- 
the Btem and blowing out tiu' uda-^s wliicli way. 'I'hese are the Fouroault and the (.'olburn 
assumes and retains the eylindrio.il^onu as the jiroeesses ri'.sjiectively, the latter being better 
heati is raised. Heavy ex linih'rs lietween j Icnown as the Lihbey-OwonH proce.sa. In the 
.1(K) 400 inches long and 2(i iiielies or mori' in lormi'r, a hait wliieh may be of metal, or a strip 
dianu'tiM’ can Is- drawn. of glass, is let down inl.o a well which forms the 
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extemiion of a tank furnace, d'ho adhering glass 
is then drawn veilically u]>wardH, and at a short 
space above the well passes bei-w’een rollers 
which not only assist the upward movement, but 
keep the sheet flat. The long chamber uf) 
which the sheet is drawm also servos as tlie 
annealing chamber. In the (lolburn or Libbey- 
Owens jiroeess glass flows from a lank furnace 
into a shallow trough into which a metal bait 
is lowered. The bait with the adhering glass 
is then drawn upwards, vertically, for a distance 
of about feet, and tlicn is passed over a metal 
roller into tlie horizfmtal position, and on to 
a travelling belt. The glass sheet is thu.s con¬ 
veyed hori/iOntall)' throiigli an annealing oven 
a distance of about 20iJ feet. The drawing 
operation is carried on at a rate varying from 
about 20 to 72 inches per minute, according to 
the thickness of the glass required. 

Plate glass is made on a long iron table 
which can be traversed by a heavy iron roller. 
The table is spread with % layer of sand to 


prevent the glass sticking, and for the same 
jmrpose the roller is scored in such a way that 
it has a somewhat roughened surface. The 
glas-s is melted in (ipen jiots and poured 
evenly be.foni the rolh-r, which is then moved 
forw'nrd along the table. Immediately after 
being rolled the, piece of jilate is transferred to 
a very long lehr, or annealing oven, which may 
exceed 30(1 feet in length, whore it is cooled down. 
It is then cut up into suitable pieces and Axed, 
in pla.Htcr of Paris, on a circular grinding table 
and ground dowoi with water and several grad¬ 
ings pf sand, egmmeiicing with the coarse and 
ending with the finer gradings. Euery may 
subsequently also bo used. After the grinding 
of both sides, the pieces are re-embedded in the 
table and polished by means of water and rouge. 

Strengthened sheet glass, for ooostruotional 
! work, is made in several different ways. Wire 
I glass is one important form of such glass. In 
the latest method it is formed by orimplng the 
wire mesh, placing it on the casting table, pouring 
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glass over it and rolling out the sheet in the 
ordinary manner. 

A more recent type of utrengthened glass has 
been produced by rolling a sheet of celluloid as 
a layer between two sheets of 
plate glass of half the usual 
thickness, and in another tyjie 
both wire and celluloid arc em¬ 
bedded. 

'friplex glass, whieli rendered 
very great servic(“ during the war 
in motor ears, aerojilanc’.s, and 
submarines owing to its non- 
shattering jiroperticB when frac¬ 
tured, is jiroducod by cenumting 
together thYce sheets of glass so 
closely as to a]t])ear one. On 
being struck by a missile such as 
a bullet, eracks radiate in star 
form from the poMit of contact, 
but no 8])Untenng occurs. 

Lead • containing glasses are 
used very largely for table-ware 
and general urtisti(r glass, TIk' 
manipulative ]irocess is almost. 


greater, a 12-arm machine producing at least 
1000 bulbs per hour. 

Chemical, scientlDc, and heat-resisting glass¬ 
ware. Almost all types of this particular claM 
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are made* by hand. Flasks and beakers are 
blown in paste moulds. Fig. 10 shows a mould 
for a llask, and Fig. 11 tlio initial form of a 
beaker. The shoulder is then cut off by the 
second iiroeess described in eonneeilon with the 
tumbler (]>. 303), and the edges aro heated and 



always that of hand operation along the lines 
previously indicated. 

Electric lamp bulbs are made by hand and 
by machinery, in both eases by blowing into 
paste moulds. 

Two types of machines have reeeritly come .. .... 

into use, the one known as the Kmjiire imnihine, flanged and a lip’ added w-here desired' 
bring Bnmi.nutoinntic, the ntlwr, the Westlnke, Glass tubing i.H drawn by first marvering a 
being fully autiiiiiatic. In the former, the gInsM tbiek hollow eylinder of gdiiss, built up by 

several gatherings, and then lowering this 
cylinder in a vertical position until its base 
unites with a disc of liot and soft glass, attaelied 
to a holder hold by another operator. When the 
union is firm, the assistant with the holder 
' walks backwards along a wooden track crossed 
by strips of wood, pulling out the glass tubing 
as he walks, the chief glass blower at the same 
time turning his blowpipe round and round * 
and occasionally blowing down it to prevent 
the walls of tlie glass from collapsing. The 
tubing is laid on the wooden strips and oftfir 
cooling cut into lengths. 

Tlie Libbey-Owena machine, invented by 
Danner, improves the uniformity and enornn^ly 
increases the production of glass tubing, ffiiss 
from a furnace flows in a stream on to an 
inclined rotating clay tube slightly cone-shaped, 
and runs down to the end (fig. 13). It is pre¬ 
vented from forming a solid mass by a cu rrftit of air 
transmitted by an iron water-cooled tube enclosed 
by the clav tube. The glass pulled from the 
end of the latter is^hollow and cylindrical. The 
pulling is done by a machine, attached to which 
is a wheel which cuts the tubing into lengths. 
Gloss tubing can by this machine bo made at 
more than 120 feet per minute. When glass 
rod is required, the air current is shut off. 

Optical glass. Since the use of decolorisers 
in glass results in a loss of transmission of light, 
it is essentia! that practically iron-free materials 
bo used, and that the pot be as little subject 
to corrosion as possible. 

After the batch has been melted, a water- 
cooled fireclay stirrer is inserted in the pot and 
the gla») stirred thoroughly ao as to remove 
both bubbles and dayers of different density. 

In one works, stirring is aotually begun during 
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is gathered by the workman at the end of a 
blowing iron, and the blowing iron then inserted 
in the machine w'hero the glass is marvorod and 
finally blown out into the mould. The mAchine 
has four arms. The Westlake machine is fully 
automatic, and may have 12 or 24 arms. Glass 
is gathered by an arm which is projected into 
the glass furnace and transfers the gliww obtained 
^ and thence to the end of a blowpipe, 
which U, initially, in the vertical position with 
its nose upwards. The arms carry out the 
various operations similarly to the human blower, 
but the productive capacity is very much 
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tho melting. After the glass is ‘ plain' the 
stirring is continued while the temperature is 
being reduced^ until tho gloss is too stiif for 
further movement. 

The pot is then allowed to cool very slowly, 
either by bricking up the furnace, if the latter 
is of the unit type, or transferring to a heated 
pot arch, where the temperature is slowly 



reduced, itr again, by retnoving the pot and 
covering with a non-conducting (sover. 

When cold, tlie glass is found to be broken 
u]) into angular jiortions. Usually most of the 
glass must l>e rejc<-U*d beeausc of the eontatninn* 
tion derived from the not. Often, only about 
20 p.c. is ri'covereil as slabs of good glass. 

Kor use, the angular jinriions arc ro-hciilod 
in a muffle furnace to softening point, then 
pressed into reetangulur slabs and subsequently 
annealed. Fine annealing, f<ir the removal of 
all^rain, may takt^ from two to three weeks. 

*he slabs are cut, acroas, and opposite ends 
polished and examined in the polanscopo for 
strife and strain, as also for bubble. 

^ The Annealinc ov Glass. 

All articles of glassware, as also slabs of 
optical glass after being made into regular 
block form, need to be an^^alcd in order to 
remove strain set up in them during the cooling 
process. Glass, being a very viscous matorial, 
and having only poor conductivity, sets hard , 
on the exterior, while tho moM in the interior 
is at a distinctly higher temperature and is more 
fluid. Consequently, stresses are set up on the 
exterior and strain on the inner layers, so that 
these inner layers tend to contract on to the 
outer ones. Where tho exterior is chilled 
rapidly, as in tho production of Rupert’s drops, 
by allowing small blobs of molten glass to fall 
into water, the interior layers contract on to 
the exterior to such an extent as to leave an 



sumciontly soft, if the glass is quite soft then 
the strain is relieved rapidly; or, in other 
words, annealing takes place quickly. If, on 
tho other hand, the glass is only ^htly removed 
fniin the rigid state, then annealing requires a 
considerable period of time. In praotioe, speed 
is an important factor in the production of 
I most articles of glnssw'are. In such case the 
I articles are hcateil up to a tem|>erature as high 
as possible, just short of deformation, so that the 
strain is rapidly removed. The annealing 
tomjierature omjiloyed under these conditions 
has Ihk'ii detined as the ujijkt critical annealing 
teinpcraluro.' 'I'ho glass must subsequently bo 
cooled down at a fairly slow and dchnite rate, 
until it has become so rigid that nuivement of 
dilTeniut layers is jiractically impossible, so that 
no strain can be reintroduced. Tho tempera¬ 
ture of sufhcieiit rigidity has been described 
as the lower critical anuealiug temperature. 

In the case of ojitical glass it may be advisable 
to anneal at a tioniieraturo only slightly exceed¬ 
ing the lower critical annealing tempiTature. 

A slight risluction of temperature, which can 
1)0 made very readily, is then sufficient to 
remove tho glass from tlio region of possible 
recurring strain. 

'J'lio actual upjx'r annealing temperature 
and also the length of range between that and 
tlu' lower value, obviously dtqiemlon the visetwity 
of the glass ami on the rate of elmngo of viscosity. 
'I’lieso in turn depend on the composition uf too 
glass. 

The oxhlc conHiituentH which tend to reduce 
the uniuialing tompiM'aturc arc sodium oxide, 
})otassium oxide, and lead oxide. Lead-ocm- 
taiumg glassi's can he n^adily annealed. English 
erystal glasswari* lias an upper annealing tein- 
I jietuture in the neighbourhood of 450‘’C., and 
I most (s>mmo!'eial types of lead glass arc readily 
; aimealeU at tempia-atures of 450°(’. to 600®C. 
i Window glass, and, generally Hiicaking, sodium* 
i oalciutn glasses, have an annealing temperature 
! round about b.W’-obO^', altlumgh, according to 
, the oomjiositioii and the ]wu'(;entago of calcium 
j oxide, the value may range/ from .'>40® to 610°. 
j Miner's iamj) glass which contains high silica 
' and boric oxide content requires a temperature 
I of approximately. 590", whilst resistance glass 
for onemieal apparatus may need a temi)orature 
as high ns 6110-' {English and 1'umer, J. Soc, 
Glass Tech. 1918, 2, 90 ; 1919, 3, 125 and 278 ; 
1920, 4, :i87). • 

I In commercial practice two main types of 
! furnace arc used for annealing, namely, the 
kiln and the continuous annealing oven, balled 
; the ‘ lehr.’ 

'J’hc uHo of kilns is now almost entirely 
I confined to heavy glassware for table use, and 
similar articles on which work such as cutting 
and engraving has subsequently to be done. In 
America gas-fired muffle kilns are Used for thick 
glass'jugs, tumUers, &c., with much advantage. 

The continuous annealing oven, or lehr, con* . 
sists essentially of a brickwork cembn8tio& 
ohambor extending about 10 or 12 feet from/ 
front to back, and leading into a contiiiuoiia 
tunnel, BO that the total length from the front 
of the combustion chamber to the end of 
lehr may be from 40 to 70 feet long, and in the 
case of window and plate glass very much 
longer, even exceeding 300 feet. The oombnsti^ 
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chamber is usually heated by gas, although I 
oil and coke iieating are still used, and in this 
Hoction of the lehr the object aimed at is to 
maintain th<“ aiticles at tluj required annealing 
temperature tiiat all strain is removed. Tlic 
heated air ami. c^xeept where the combustion 
chamber lakes {lie'form of a niutlie, as in the 
modern “ niuflii- leiirs, ' 1h(5 products of combus- 
ti<in may [)asH down tlie tunnel for a cert ain dis¬ 
tance which can be ciontrolled by Hues ai\d 
damjMTH. The width of t lie lelir is frequently aIxjut 
(I f(Hit, but may bo as much as 12. The m'iielea ol 
glass-ware may be placed m pans whieli ari‘ 
linked on ti> one aiiollier and di'awn through 
the lehr gradually, on pulleys iitlai'hed 1ii a iixisl 
track, in a few (ases the aiticles are jilaced 
in wagiins which niii oti a track. In miidcrn 
lehrs tor mass |troductu>n an (muHchs belt, caines 
a moving platform on'-whicb the art.icles an- 
])laeed, and the H|ie<'(l of tliis ])latiorm js eon- 
trolieil lueclianienlly aeeonling to tlie I'hai’aelei- 
of the glass ami llu' time leipiired for annealing. 

’I'Ih' I)(‘St. lest oi satisfiu-t.ory annealing is to 
I'Xarmne tlie articles of glassMaie between 
crossed Nieols. A well-annealed s|ieeinien p<’r- 
mits ])rm'lieall>’ no light to pass thiougii it., 
whilst a strained Ham])li' will tiausmit an amount 
of light dependent on the clegiee ul strain. 

Hardening of glass. This may Ik- earried 
out either by the jirocess oi l)e la Baslie nr by 
that of Siemens. In the former, discovered.in 
IH7Ib the glass article, whil<‘ still red hot. is 
quenehed in a bath oi oil or tut, tin* actual 
tenipeiaturc of botli glass ami tlie bath, that 
is, the ([uenehuig range, (lepending bolli on the 
eomposilion and thickness of the glass. Soihiirn- 
ealciuin glasses inn withstand a greater ({iieneh- 
ing riingi- liian (In' lead glassi-s. 'riii' proeixss 
results in the sudden ehillmg ol the outer 
before the inner layeis, so that the sin faec layers 
undergo greater slinnkage, eniising them to bo 
subjeeiod to eoiiipression, wliilst the inner 
layers, on the other iuuul, are in tension. (Bass | 
in this eoiidiliou lieenmes less brittle, is more ; 
ehiHtie, and eajiable of withstanding meehiinical ; 
shock and Hudden ehimge ot tempeiature, but ; 
if Ibe Hiiifaee is onee lunken the whole ina.ss 
beomnes siiatlered. • 

In Siemens’ ]»ioeess, th* temperature o{ 
pressed glass artieles is rapidly but uuitonnly 
reduced in special moulds, or bi'tween metallic 
or elay plates maintained at a suitable tempera¬ 
ture. j^avement. liglit.s*treated in this muniier 
resist cutting by a diamond. 

Compound glass, the basis of the durax 
water-gauge tube.«. was developed by Schott to 
give the same resistance to shock ami change 
of temperature as hardened glass. A gathering 
of glaas 10 (111) IS made over "lO (ill) and the 
cylinder drawn into tul»ing. '’Phe former has 
the larger thermal ex]»ansion (ami contrac¬ 
tion), so that on cooling the outer layer is under 
oiimpression and the inner umlel* tension. When 
• the tubing is heated up botli com]iression and 
tension bt'i'ome relaxed. (Jlass 50 (ill) which 
forma the inner layer is also very resistant to 
the action of water and steam. 

The .Decoration and Aftkr-Treatmknt or 
ClLAys, 

The processes by wiiicii gbnti may be qrna- 
moated ur marked arc numerous. 'J'hcy may 


be divided into tw'o elasses, namely : (1) those 
earned out at the furnace during the formation 
of the article ; (2) those dependent on the treat¬ 
ment of the surface. To the former belong such 
])roces.se8 as easing, sjiinning, filigree, and 
I mosaic working. The second class is divisible 
! into two groujis, according as the surface is 
treated by ineclmnical means, such as those 
involved in di-coiation by gianding, cutting, 
liex'elling, polishing, engraving, sand-blasting, 
and fr'ostnig; or by llic action of eheniical 
reagents, siicli as in etching, silvering, iridising, 
ami in ghfis ^minting. In rather a different 
eategory is the art t)f Irc.'ling glass tubing or 
lod by lamjiworkiiig or bcncli glass blowing. 

('using coMHi.sts usually m spreading a 
umlorm, tiiin layer of colour over an ai'licle fif 
colouilcss glass.. The ciTuired glasses most 
commonly used arc ruby, blue, and ojiah ^ Th<“ 
essential condilions foi casing are that tlie 
glasses shall liave ajtproMinatcly eijual coidli- 
cicnts of expansion and be soft ur ])la.st!c. 
(dasscs of fairly high Ic.'id content an* very 
suitable tor such tii'iilmcnl. One method of 
carrying out the opi-ratioii is to make a gathering 
of tlie colourless glafls, to blow it up sliglitly, 
and (hen dip into a pot of the coloured glass in 
siicli a way that a uniform outi-r layer is nb- 
lamed. The eoinliitied gathering is then 
workeil u]> by lunimg or Mowing in the usual 
maiituM'. 

Handed glass, fi'alher glass, filigri-e glass, 
and Dll' insi'rtion ot an enalnel backing in 
therniomeler and other tulang aie all sjiecial 
examplesot casing. Theeuamel liaekniguf tubing 
a simple I’.xainple. One method of inaknig it 
consists in prepiuinga rod of opal glass and insert¬ 
ing 11 length of it in a vertical recess in a mould. 
The jiarison oi colourless g!as.s is introduced 
into till' mould so as to comi' into contact 
with, and ])iek up tlu- opal rod, alter which the 
pai'ison is nuirvered lurther to ^'om})leto the 
union. A fiirtlier gathering of coloui-lcss glass 
to cover the ftpal is tlien made and the whole 
muss drawn into (uliiiig in tlu' ordinary w’ay. 

Koi details of manipulative methods f)f 
liccurating glassware at the fuiimce the reader 
should consult Hohlbaunrs Jjcar- 

(xtlHii/j, linn Verzivrniifi dfn Jvininn J!ohlijhiain, 

'■ 1011 ; VvWnii'H Ciiriosiiias of fflax-wiaknui 

contains a good account, but is unfortunately 
loiu; out of jirint. 

Cutting fm' ilccurativc iiroeesses, largely 
enqiloyed for thick tublc-ware, is carried out in 
several stages. The [mtterii to be followu-d is 
marked out in chalk and then cut over by an 
, edged inm wheel forking in a vertical plane, 
j the edge *bcing constantly fcil with sand and 
, water. 'J'his lirsl, or roughing process, leaves 
the cut jiortions with a loiighencd surface w’hich 
■ is tlu'n gone over by a similar stone wheel, 
I (’raigleith stone being in common use, and 
finally by a wooden wheel using Jiutty powder 
or otlier soft polishing material; or again, the 
I final ])olislung stage may he carried out by 
I immersion in an etehing bath for a short period. 

In some classes of jircssed glassware the 
roughing process, or use of the iron wheel, ia 
abolished by euttinj^ the pattern in the mould 
so that the article receives the main impreBsion 
at the furnace, flmmodiately after being 
pressed, the inteiipr of such articles, usually 
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dishes and bowls, is ‘ fire polished ’ by the 
action of a hot gas flame which removes all 
roughness caused by the plunger of the press. 
The article may be sold without further treat¬ 
ment. or the pattern on it may bo (Considerably 
improved by the use of the atone wheel and the 
subsequent polishing prot:(‘Ha. 

Engreving is oarricnl out by aharjeedged or 
bevelled copper wheels varying in arxo from that 
of a pins head to 2 inelu's or more m iliainet(*r, 
th(C spindh' carrying the whei'l being lixed in 
the chuck of a lathe. 'Phe glass article is held 
in the cngraviT's h.inds against thi.^ rotating 
wheel. 

Very pleasing effeets are obtained by cutting 
or engraving designs on cus(‘d glass. (Vsjiccially 
where the cutting jauudrates th<' outer coloureil 
layer to the inner eolourh'ss on(‘. 

Glass grinding is earned out not only for 
dccoraCivo jmrjioses, as describ(*d inider ‘ cutting,’ 
but also ill the product ion of bnisi's and prisin.s, 
glass Stoppers, both solid and hollow, all-ulass 
syringes, and m tin* smoothing oil of various 
artuilics whom* ('nds would otherwise have sharji 
edges through being emcked idT in a tiani»>. 
articles such as blown Inmblers, ehimncys, ami 
minors’ lamti glasses, [..ensi's bn grintlmg are 
etnbedihal, a large number Kimultaneoiish’, in 
pitch. The ‘ bloc]; ’ so ])roduc(*d may be Aat if 
piano lenses are required or may have a cui'N'ed 
aurfaoo eorivspondmg to the' Imis eurvatiire 
required. 'Phe grinding is done by a tool or 
head of iron \Mtli its surfaet* Hlia)«‘d to the 
required curvature In tin* grinding proi-ess 
this tool moves over the liloek {»!' iensi'.s m a 
jiath which is eontimiously vaiyiiig. I‘’ine 
uarbnrundiim or I'mery jiowder are I be usual 
grindinj' media with water, and rouge follows 
in tlie polisliing .stagi*. 

For tlic* bottoms and (Hlg(>s of glass ailiek’s 
large carborundum wheels, revolving m tin' 
horizontal plane (.ir earbonindiim eylmdors with 
the flat-cud set vertically, are used, in the 
former case, the articles to be ground are la id 
vertically, in tlio latter, horizontally. In 
modern machines, a large number of aliieles,* 
such as tumblers, can lie treati'd m a v(‘ry short 
time. Following such edge grinding, tumblers 
and similar articles are transferrtxl to an ‘edge 
melting ’ m.achinc consi.sting of a (umtiniiouB 
belt or track, by means of which the articles 
are carried through a z/irw* of flame obtained 
from a double njw of impinging gas.jots where 
the edges are rounded off. M(»lid glass stojipcrs 
are ground by fixing in a chuck on a lathe and 
grinding with sand and water to the recpiired 
degree and taper. 

The grinding of hollow stoppers and internal 
griniiing generally i.s done by soft steel or iron 
drills, suitably tapered and fixed in the. ehuiik 
of the lathe. The rotating drill is inserted in 
the article and fed with water and one of the 
various grimiing powders, which include diamond 
dust. 

Sandblasting, employing the cutting action 
of wind-driven sand grains, was introduced by 
Tilghmann in America. The matt surface so 
reduced can be controlled in extent and design 
y covering part of the glass surface. For this 
purpose a metal stencil may be employed, or a 
trailer eom]msiiig some defi|iitc design done 
in oS or fat or other soft matona! which prevents j 


the cutting action of the sand, and can subse¬ 
quently readily be removed, leaving a pattern 
or design in clear glass. 

Frosted glass, in which the surface is marked 
in fern-hke patU-rns, is based on the disiwvery 
I of (faillidot ((.’ompf. rend. 11)02, 134, 400), who 
j found that a coating of glue or of gelatine, con- 
I tiiiriing some neutral salt, when ajiplied to glass 
I (‘xertod so jiowerfu! a disruptive action during 
its drying and shrinkage as tii produce frost-like 
patti'ins when tin* diivd coating was removed. 
'Pile luoeesH is ivj)[thed to window glass. One 
I mixture employed consists of gum sandarac 
i IS jiarts, glim inaHtic 4, Ix'nzene 40, ether 200 
1 and llic mixture is jxiured uniformly over the 
i ]>reviousiy clcuncd surfiu i'. 'Pho sheets of glass 
aft(“r treatnu'ut remain in a drying room until 
the gclaiiiH' is set, and afO'rwards in a warm 
room t.o spi'cd up the euntnietion of the coating. 

Etching, by means of hydrofluoric acid or 
I rtuondc Holiitions, is (iommoiily enijiloyed both 
for deeoralive ]mi[n)ses and for marlring 
graduated glass irist.rum(*n(H. 'Plie reaction 
i limy be expressi'd by tlie, e(|imlion : 

: K,.0,('a(M’'Si()a f 2SIIK 

j -.=2K1'’ I (’n!'\-H«Sil‘\+14H,0. 

I 'Pile eflect produced di'pi'iids on the type of 
j glass, and on the nature and strength ’of the 
I etching solution. The glashC's of high lead 
I content, as used larg(*ly for tiilile ware, arc boat 
suited for etching. Hard potash glaHses^and 
chemical rosistanei* glass iiie only very slowly 
attacked. Deperuleni on tlie solution, one may 
obtain matt etclmig, el<*ar etcliing, or may oven 
g(*t a ])o!ished surface. A good mutt etching 
IS iibtani(‘<l by immersion atordmary tom[H'ratury 
in a solution of II) parts IIF in JOt) waiter, tho 
solution being ninitrahseil by potassium car¬ 
bonate and 2 additional jiarts of IIF then 
ad(l(‘d. AfjiK'oiiH solutions of ammonium fluo- 
: ride, usually made as ro([Uii'ed by neutralising 
tho acid witli ammonium carbonate, act rather 
slowly, A mixture of aminoniiini fluoride Q 
parts, liydi'oHuorie acid 2, and water 15, will 
}>roduee at ordinary temp{‘ratu^(^ a very rough 
; matt et(di. A satin etch is obtained by a 8o1h- 
! tion of potussfiiin fluoride l(», hydrochloric acid I, 
water JiH), the temperature of the solution being 
4f)'’-(iC)°(\ For linem cliing, used either for simple 
lines as on graduated instruments, and tho 
simple line decoration on tumblers, or for etched 
designs as a substitufi^ for engraving, dilute IJF 
is used, a suitable solution for deep etching 
i being hydrofluoric acid i, suljihuric acid 1, 

I water 4-5. 

i Acid polishing may be (tarried out by hydro- 
' fluoric acid in the firesence of strong sulphuric, 

1 the liquid being agitated to prevent tho deposi- 
i tion of fluorid(?H whieli normally produce tho 
i matt surface effect. 

j If a line design is to lie etched, the glass 
I surface-* imist previously Ik* coated with a 
; TesLstdnt material, and the design then traced 
i by an instrument with a fine point. Two such 
I ‘resists’ are: (1) asphalt resin 2, tallow 1, 

I Venetian turpentine 2, turjxmtino 12 ; ( 2 ) 

I a.sphalt 5, resin 3, Venetian turpentine I, 

I turpentine 8, beeswax 1 *;). 

■ Other designs may be applied by means of 
a ‘ transfer.’ Thopiatter is prepared by engrav¬ 
ing- the design on a copjKif plate, coating the 
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latter with a * resist/ and removing the excess 
so that only the cut design remains hlled, then 
applying a piece of tissue paper to the design 
wnereby a wax* impression is transferred to the 
paper. The ‘ transfer ’ so produced is apjdied 
to the glass HUi*fac(*, the remainder of the latter 
not covered hy the transfer being prote<!ted by 
a wax coating before the application of the 
etching agent, frequently used in ])aHto form. 
Aft(T a f(!w minut(^s the etching agent is washed 
off, leaving a matt siirfacrt; de.sjgn. 

The markings on graduated instrumcnls are 
usually rendered more clearly visible by rubbing 
into them fiTH‘ly-]M>W(kTcd barium Huiphale, red 
lead, &c., or the introduction of a soft enamel. 

* Silvering for t})e jnodmrtion of mirrors was 
introduced in 1K4H by Drayton to replace the 
tin amalgam method, but madi; a eoinmercial 
success only tliroiigli Liebig in J8(i7. The fn'shly- 
polished sheets of glass must be thoroughly 
cleansed jirt^viouH to the appliciation of the 
silvering solution, whnh is prej)ared from two 
essential solutions, one of silver nitrate’, usually 
amtnoniaeal, the oilier an organic re'ducing 
agent, most oftem sugar. 'Pin' rate of dcfiosition 
depends on the Icnijicrature. Xilvcriuann and 
Howo (J. Jud. Eng. (.‘hem. 1917, 9, 10;}2) 
reuoiumenil for work at ordinary temperature*, 
solutions of silver nitrate 0*(i3() gram niado up 
with water to 100 c.e.; cane sugilr, 34*2 grains 
dissolved in water, and made U]i to 100 e.c. ; 
80 p?t. methyl alcohol, and O’Sji.c. forinaUlehydc 
solution. For the mixture, the voiiimc used 
of the above four solutions are, respectively, 
105, 10, 5, and 2(t About 20 ]j.e. of tim total 
silver eontentr eiiii be ih‘posited in 40 minutes. 

C)op))cr dejiosils are usually made eleetni- 
lytically on a pivvious ('oating of silver, the 
cornier solution for electrolysis lieing of ('Oj)jicr 
Bulphato in iloeliclle salt, made alkaline with 
oauatie soda. Hy ('hattaway's process (Froc. 
Roy. Soe. 1907, A, Stt, 88) the (feposition may 
be made direct. A elcur solution is made by 
panning 1 part of freshly-distilled [dienyl- 
hydrazino with 2 parts of water. 'J’o it,’ half 
its volume is ailded of a warm saturated solution 
of cupric hydroxide iu sti-ong ammonia. A hot 
solution of* 10 p.c. potasninm hydroxide is now 
added until a slight ]>ormauent precipitate is 
obtained. This liquid, whifh warmed in contact 
with a jK‘-rfectly clean glass suriaec, gives a 
bright deposit of copper. 

Aluminium deposits may be made on copper 
deposits by the metallic spraying process. 

Irld 6 S 06 nt glass, wdiich in antique specimens 
is produced by surface decay, is artificially 
obtained by the action of metallic vapours. 
After being made at the furnace and while ■ 
still rod hot, therefore, the article is rotated 
rapidly inside an iron box or oven in w'hich 
suitable metallic salUs are volatilised. Various 
mixtures of salts arc employed, such as; (1) 
Btaunoas chloride 00 parts, strontium nitrate 5, 
barium chloride 5; (2) stannous chloride 00 
partSi barium chloride 2, bismuth nitrate 5. 
The bright iridescent coating may be made 
matt by reheating several times in the mouth 
' ol the furnace. The iridescence may be greatly 
varied, as in Tiffany- j^ass, by treating coloured 
giasses or those with patterns, hrilliant 
metalUo effects may be obtmned by adding a 
rilver or a bismuth salt to we glass batch and 


reheating the object, before iridislng, in a 
reducing flame whereby a metallic surface 
deposit is produced. 

Glass painting is carried out by the various 
colouring oxides and compounds elsewhere 
described in tliiH article. They are mixed with 
a suitable flux in which they may or may not 
dissolve. In the former ease, when applied to 
glass, the ])ainting is transparent, unless specially 
renderi’d opaque as by the addition of stannic 
oxid(’, wlijl.st in the latter it is non-transparont. 
The Hux for gold jiurjile is obtained by melting 
a mixture of ijuartz 4 ])arts, rod lead 3, florax 
(i; for other colours, a fhi.x made from quartz 2, 
red loud (i-9, borax 1, may be employed. The 
oolouring m«t(*rials are both finely ground and 
thoroughly mixed, and the mixture may be 
used directly for jiuinting, or it may first of all 
be Hiniored or fritti'd. and again finely powdered. 
In either casi^ the fine powder is thoroughly 
ground M ith turpentine or other oil a.s medium, 
applied with a Imisli to Clie glass, ami the latter 
then heated in a niiif!l(‘ oven to a temperature 
sufficient (about for the thorough fusion 

of tlie flux and colour to a brilliant surface. 
iSlow enoling down is then desirable. The 
vitreous jiainls so ajqihed should, for successful 
burning in, have a eocllicieut of cx^iansion not 
greatly dilTi'rt'nt from that of the glass treated. 

Glass beads and artificial gems, (tiasn heads 
are made from })r<>viou.sly drawn tubing of 
varying diameter ami boro, and of various 
colours. The tubing is next cut into lengths 
suitable fur the size of the head. If the latter 
IS to be eyliiuirieal, tlie beads may be made at 
the lamp by merely softening the cut ends to 
round oir the eilges. For spherical heads, the 
cut lengths arc* iaieadod in moist <’lny, or clay 
and ground ciiareoal, to jireveiit eollap.sb of the 
walls ilunijg subsisjueni heating. The heating 
la carried out in a revolving drum, to redness, 
whereby the rounded shape is given and the 
edges melted. 

Tlio Lliin-ualh’d spherical beads are made 
by blowing thin bulbs and either filling them 
■with wax or coating them internally with 
‘ easenee of pearl,’ consisting of ground fish 
8(^ale.s in ammonium chloride, 'J’lie. second 
method jiroduces the pearl beads. (For method 
of applying the pearl coating, /ice 0. Parkert, 
Sproensaai, 1919, 52, 23 and 191.) 

Artificial gems are made hy adding suitable 
colouring jnaterial to a glass with high lead 
content, and therefore of high refractive index 
and brilliance when -cut. The colourless paste, 
or strasfl, may bo made from sand 190 parts, 
red lead 15(1, potash 30, the materials being of 
high qimlity. The resulting glass may be ladled 
into water and subsequently re-melted to obtain 
homogeneity and then ground for admixture 
w’ith the colouring agent. Jtuhics may be 
prepared from 1000 strass, 1 purple of Cassias, 
0 stannous oxide, 10 antimony oxide; emerald$ 
from 1000 strass, 1 green chromium oxide, 8 
cupric oxide ; amethi^sta 1000 strass, 8 manganese 
dioxide, 2 cobalt oxide. The strass and oolour¬ 
ing matter must be thoroughly fused together 
and made homogeneous. Small porcelain pots 
‘ holding up to 50 lbs. glass are used. 

Quartz gUss. Whilst ordinary glasses are 
produced by the fusion of basio oxides with 
silica, and in sonCe cases boric oxide, it most be 
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borne in mind that the use of suoh basic oxides 
is primarily to permit fusion to take place at 
the tem^ratures at proacnt commercially attain¬ 
able. Silica in itself possesses so many valuable 
properties that if it could bo f uscxl readily it would 
displace many types of jrlass. The IurIi tempera¬ 
ture of fusion restricts the scale on which nu'lting 
can be carried out, but already, silica ware has 
become a reco^^nised artich^ of enmmcrco, b(‘ing 
Worked into tubing, rfxl, benkciN,flaHliH, (rrunblcs, 
and other types of scientific ajijiaratus, quiulx 
threa<^ for galvanonietiic^ nuri'or 8US})ensionH, 
nitric acid stills, suljihuric acid couA'nsatioii 
plant, and ehimneys for inoan(h'KC(‘nt lamps. 

Two typ(!S of fused silica wan* an- on Ihe 
market, the transparent, tnude frtnn quartz, 
and the opaque or transluci'iit, jtroduced from 
sand or crushed quartz. 'I’he frav.'^/'xtrvni form 
is worked in tiio (jxy-hydi(»gcn flame, and the 
size of the article capablt; of being made is 
restricted to small crueibles and dishc's, and the 
smaller sizes of flasks, beakers, and similar 
artiedes. 1'he non-iransjxircDi silica can now b(‘ 
worked in n^sse.s up t(- 2(K) lbs. and tubes 
4 inches or more in diameter form a sto<-k article. 
The starting point for tubes is a hollow core of 
plastic silica ])rodueed liy fusing a niuHs of 
white.sand round a eentral core electrically 
heated, the (!orc being removed ^hen tlie 
cylinder has been formed and drawn into 
tubing in the ordinary way. In the jilastie eon- 
dition such a silica cylinder can bo drawn into 
lengths of IK) or 10() foct. 'I’lie rough outer 
Bunaoo of the tube may be ground down and 
may be glazed, either electrically or by an oxy- 
hydrogen fianio. 

For artich^s oilier tlian tubuig, the eylindei' 
is closed at one end and blown in a inould 
by compressed air* 

The temperature re«}uii'('fl for fii.sing and 
working the sand is ]8t)l)'’(’.-200()'’(’. As only a 
plastic and not* a completely fus(‘d condition is 
reached, the fine air Imlibles arc not removed, 
and reflection from them giv('s rise to the silky, 
lustrous appearance eharaetei'isth; of tills type 
of fused silica. {Srr F. Hottomley, J. Soe. Chcni. 
Ind. 1917, 36, 577.) 

Quartz glass has an extremely small coeffi¬ 
cient of linear thermal expansion, namely, 
6 ’2xl0“*, and aitioles made from it can be 
heated to redness and quenched in cold water 
without fracture. Hence its value for heat- 
resisting glassware. Unfortunai (1 y, fused eiUea 
ware cannot be maintained for any considerable 
period at temperatures higher than 1(X)0°0, 
owing to its tendency to revert to the crystalline 
form stable at such tcmperatuix!, namely, 
tridymite, when the article is liable to*break 
down. 

Fused silica is practically unacted on by 
water, and all acids except hydrofluoric acid 
and phosphoric acid above 400°(‘. It is, 
aocormngly, of very great value in precise 
chemical analysis where water, neutral salt 
solutions, and acids are alone concerned. 
Further, as a consequence of its resistance to 
eolubUity by water, and its non-hygroscopjo 
oharaoter, fused silica is a very good electrical 
insulator. As an acid material itself, it is 
naturally attacked by the alkaUs, and the use 
<d alioa crucibles is therefore vuch restricted 
sDoe metallio oxides cannot be fused in them. 

VoT.. -TTT.— T. 


I Transparent quartz is transparent to ultra- 
! violet light and on this account finds special use 
I in the form of nlatos, lenses, and wedges or 
; prisms in optical apparatus, and in mercury 
j vapour lamps. The refractive index for the 
I H-lino is 1’45847, and the dispersion constant 
; 67’92 (Gifford and Shenstono, Proo. Roy. Soo. 

i 1004, 73, 201). W. E. S. T. 

I GLASS OF ANTIMONY t’. Antimony crocus, 
j art. Antimony. 

GLASS, TOUGHENED, r. Glass. 
i GLAUBER*5 SALT, StMlimu aulpJuite (», 

I Sodium). 

GLAUBERITE u. Calcium. 

GLAUCINE C.2ill250iN occuis in Qlaucium 
jhintm (Grant/,) along with ]>rolopinc(liattandiof, 
Glu’m. Soc. Abstr. 1802, (>2, i. 803). Crystallises 
ill rhombic jni.'^mx, m.p. 110"‘-120“, [aJp+113’3" 

I m ah'ohol, is a tisrtiary boHc and contains four 
j -O.Mo grouDH (Fixchcr, Arch. Pharm. 1001, 239, 
j 42K). It has boon HynthoHiBod by Gadamor 
j loll, 240, OHO) ami whown to bo jdienaii* 

j threno - iV - mot byltotrahydropapav<*nnc, and 
: tlioi'ofor<‘ iH closely ri'latc'd to dici’iitriiie. 
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(ilaucino is tiistclosa and iiidu<^e8 narcosis, 
accompanied by Korne tetaniwing action. 

GLAUCONITE. {(Hunconic, Fr.; Olnukonit, 
Gor.) Hyclratoil silicate of iron, potassium, &c., 
of variable compositjon, but apiiroxirnating to 
tlio formula K.Fe'"Sij()j.if,/), found as small 
rounded grains in wodimenlary rocks. Jt was 
named in 1S28, from yKavK6s, bluish-groon, on 
account of its cliaractcristic colour, which is of 
vuiirme nhadoH of dark gn^on. The typical 
occurrence of the mineral in the Greensand 
formation (bidow the Chalk) of the Cretaceous 
system, but it is also met with in sands, sand.' 
stones, marls, ‘and lirneston<i8 of all ages from 
the Clambnan, and is forming at the present 
day on the floor of the ocean. The granules 
measure about | to 1 mm. in.diameter. Under 
the microscope tlioy show a clear green or 
ycliowish-green, slightly pleochroic and hire- 
fringont material embedded in a network of 
black, optically ieotropic, organic matter, the 
latter having the composition of humic acid. 
Since the glauconite material has the property 
of taking up dyes and of absorbing water, up 
to 30 p.c., from a moist atmosphere, it is probably 
colloidal, the optical birefringence being the 
result of strain set up by the network of organic 
matter. The mineral is decomposed by hot 
concentrated hydrochloric acid, and before 
the blowpipe it is fusible with difficulty to a 
black magnetic slag. 

Analysis 1 is of grains isolated from a 
calcareous sandstone in the Upper Greensand 
at Woodbum, Carrickfergus, Co. Antrim (A. P. 
Hoskins, (^eol. Mag. 1895). 11 from the Cam¬ 
bridge Greensand (G. D. Liveiag, Geol. Mac. 
1866). Ill gives the extreme values shown & 
tei^ analyses of glauconite grains isolated from 
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Eowne, Orfitarooufl, and Jurassic sandstones 
and from Lower Silurian limestone from various 
Russian localities; sp.gr. 2‘40-2'87, varying 
like the colour—yollowisn-grcen and dark green 
—with the perroi^tago of iron (K. I). Glinka, 
1800). IV, grains forming ^3 p.c. of a sandy 
deposit dredged at a depth of 5515 fathoms from 
tho Pacific o j J’anatna (W. A. ('itspari, Proe. Il(»y. 
Soc. Jidin. 1010, xxx, 304). V, similar material 
dredged at 1 lO fathoms from the Agulhas Bank, 
Sofith Africa (VV\ A. t'aspari, loc. ctl.). NurnorouH 
analyses of glauconite are ([uoted by 0. K. Leith. 
Mon. U.S. (Jeol. Survev, i5K)3, xliii. 240. Analyses 
' f)f Swedish glauconites, by N. Sohlbom, Bull, 
(lool. lust. Univ. Uj)Hala, 1010, xv, 211. 
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('losoly allied to glaue(jnite arc the mim'rals 
coladonite (r. green-eiirtli) and greenalite (f/.c.). 

Tho Greennund of England, consisting mainly 
of sandy beds with (juart/. grains, inleimi.xed 
with glauconite, is (l<!velo]jod in the Wcahlen 
area, the Isle of Wight, and exf(5ndM from 
Herkshiro and Oxfordshire to Norfolk and 
Linoolnshiro. Somo of the limonitie iron-ores 
of those districts may po.ssibly, like those of 
tho Lake Superior region, liavo been derived 
by tho alteration of glaueonife. The same 
formation h.as also a wide distribution- on the 
Continent. In Amoriea, greensand and glau¬ 
conitic marls of Crotaooous and Tertiary age 
arodoveiopodin Now Jersey, Virginia, Kentucky, 
and Tennessee. Tho glauconite marls of New 
Jersey contain K^O l‘54-7'08 p.(;. with P.^Gs 
()*UMi-87, and have been extensively used in 
tho raw state a.s an agricultural dressing {v. 
Ann. Rep. State Geologist New Jei-sey, 1885, 
1802, 1803). Those from Virginia have been 
used in the preparation of eomrnereial fertiliserH. 
Attompte have been made to extract .potash 
from greensands (U.S. Geol. Survey, Min. Kos 
for ion, 1012, ii 901). 

The frequent association of phosphatic 
nodules with glauoopito deposits lias some 
bearing on tho origin of glauconite. Tlie 
terrigenous deposits of green mud and sand 
formed on the floor of the ocean at depths of 
about 200 to 1000 fathoms, and found by the 
* Challenger ’ Expedition to be of wide distribu¬ 
tion, particularly off continental epast lines 
composed of igneous rocks,^'contain this mineral 
in considerable amount. The potash sot free 
by the weathering of the felspars and micas of 
these rocks and carried into tho sea is conserved 
by tho formation of glauconite, but apparently 
only through organic agencies, whicn at the 
same time gave origin to the phosphatic nodulos. 
Grains of ^auoonito arejrequentlv found filiing 
the ebam^rs of foraminifl!Va and other organ¬ 
isms ; and in the artifleial production of the 


mineral tho preeonco of an organic acid seems to 
be essential (W. A. Gaspari, Im. cU.). 

L. J. S. 

GLAZES Fritts and glazes; also Pottery. 
GLIADIN V. Gluten. 

GLOBULINS V. Proteins. 

GLONOIN. Syn, for nitroglycerin. 

GLUClNUM(/frryf/tam); Gl.; d \ Parsons, 
9‘()17 Ronigsehmid, occurs in beryl, eudaae, 
■pkc.iuicde, chry.soberyl, Itucophane, helvite, davalite, 
ami otlicr minerals. The element waa detected 
by Vauqnelm in 1798, but tho metal first 
isolatcdf by Wohler in 1828 by fasmg the 
chloride with potassium. Glucinum can be 
prepared by the electrolysis of a fused mixture 
of tli(! chiuride with sodium or ammonium 
cliloride {Borschers, C^hem. Zentr. J896, ii. 13), 
or of the fused double fluorides, GIF,, NaF; 
or (JlF,., 2NaF ([x^boau, Compt. rend. 1898, 
I2'i, 744). 

(JliKuniiin may bo prepared by electrolysing 
tho miiKM'als containing it between metallic 
(■h^ctrodcs in tho presence of fluorine or one of 
its compouiula, cither alone or with tho addition 
of a halogen compound of an alkali or alkaline 
earth (Liebmann, J. ISoc. (jhem. Ind, 1899, 282 ; 
I'lng. Bat. 345)7). 

Warron(Ohcni. Nows, 1805, 72, 310) describes 
the following process 

Pulverised and lixiviated beryl is fused for 
3 houm ill a blast furnace with four times its 
weight of sodium carbonate, after which tho 
solidillod mass is decomposed by superheated 
steam, anti then by hydrochloric acid, evapo¬ 
rated to dryness and extracted with water. The 
solution IS now freed from iron and chromium 
by tiu' acetate method, and excess of sodium 
ctirbonate addesd; tlie precipitate is treated 
with OAcoss of sulplinrous a<‘.id, whereby the 
alumina and glucina pass into solution. On 
boiling, tho alumina is precipitated, excess of 
ammonium carbonate is now added to tho 
filtered solution, w'hich is well boiled. The 
]>rocipitatc of glucinum carbonate thus obtained 
IS ignited with lampblack out of contact with 
a'r. then submitted to tho action of bromine 
at a red heat in clay retorts, when glucinum 
bromide distils over and is reduced elootrolyti- 
cally. It IS also prepared by the reduction of 
the oxide with aluminium (Just and Mayer, 
J. Soc. (!hein. Ind. 1909, 528 ; D. R. P. 208402). 

Or tho finely powdered mineral is heated 
at 850" for half an nour with twice its weight of 
sodium silicofluorido. Tho product, which con¬ 
sists of silica and tho double fluorides of sodium 
and aluminium and sodium and glucinum, is 
extraidcd throe times with boiling water. The 
extract is filtered and to *tho filtrate boiling 
aqueous sodium hydroxide is added in slight 
excess. The oxide of glucinum precipitate, 
along with a little alumina and silica, is dissolved 
in sulphuric acid, and glucinum sulphate crystal¬ 
lises out on concentrating tho solution (Copaux, 
Compt. rend. 1919, 108, 010). 

Glucinum is a hard metal, with a bright silver- 
white colour, melting at 1278°±5®; sp.gr. I *93; 
sp.ht. 0*4246. Glucinum has the largest heat 
of fusion of any metal, corresponding with its 
high melting-point and low atomio weight. The 
powdered metal takes fire when heaM in air, 
burning with pgreat brilliancy, and dissdvM 
readily in dilute acids, ahK> in oaustio aBoUs, 
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vitii evolutiou of hj^^en; but it does not vith ma^oBium at red boat in a current of 
decompoee water even at a red heat. It is hvdrc^n, glueinwn h^ride, having an nn« 
generally regarded as divalent (Combes, Compt. pleasant smell and slowly decompoeed by warm 
rend. 1894, 119, 1221; Henr^, ibid. 1896, 121, water is formed, 

600; Ketgers, ZeitscK physi^. Chom. 1890, Olxteinum hydroxide Gl(pH )2 is formed by 
20,481; Galecki, Zeitscn. £!ektroohem. 1908, precipitating glucmum salts with ammonia, and 
14, 767). Tanatar (J. Russ. Phys. Glioin. Soe. ■ can be separated from aluminium and iron 
1904, 30, 82; 1906, 38, 850), from various by digestion with glacial acetic acid, when 
organic derivatives, regards the metai os tetra- it is converted into a basic uiucinum acetate, 
vident. : winch is readily soluble in chloroform (Haber 

Glucinum yields useful alloys with various ; and Oordt, Zeilich. anorg. C!hom. 1904, 40, 466 ; 
metab by heating the oxides with carbon in the ; D. R. P. 155466 ; Oordt, J. Soc. (^hem. Ind. 
electno furnace, or by the oloctrolfsis of a 1904, 799). 

mixture of the fused metal with the double Glucinum bydroxirlo, wlien freshly precipi* 
hnoride of glucinum and sodium in a carbon tated, is gelatinous, readily absortis carbon di- 
crucible os anode. The 5 p.o. alloy with copper oxide, and is soluble in dilute acids, alkaliB, 
is malleable readily filed and polished, and and alkali carbonates. On being heated with 
unaffected by air; an alloy containing loss water, alkali carbonaU«, or ammonia, ot 
glucinum is sonorous (Lelx'au, Oompt. rend, when allowed to stand for some time at the 
1897,125,1172; 126,744; Licbmann, 1). R. P. | ordinary temperature, it loses the abovo-de- 
94507, 1896; Chem. Zentr. 1898, i. 484). ! scribed jiroportios (Haber and Oordt, Zeitsch, 

Glucinum alloys readily with aluminium anorg, Chern, 1904, 38, 377; J>. 11. P. 165488; 
(U,8. P. 1254987, 1918), and it is claimed that j cf. Bleyer and Kaufmann, Zeitsch. anorg. Chem. 
the alloys are harder, strong(“r, and lighter j 1913, 82, 71). Unlike aluminium hydroxide, 
than aluminium, molt at a iiigher tempera, i glucmum hydroxide is quite insoluble in am- 
ture, take a high polish, and make excellent ! inonia, or in methyl- or ethylamino (Ronz, 
castings. ' Bor. 1903, 36, 2751). It combines with 

Compounds. Qlnrinnm oxuh or qlv.tina {jiO hydrogen peroxide to form the compound 
is obtained from beryl by heating the eoarsely 3G10,4H20a,8HjO, containing hydrogen per- 
powdered mineral with 6 parts of ammonium oxWe of crystallisation. A hanic ftroxide 
hydrogen fluoride for 10-12 hours at a tempera* 2Cil03.3Gl(),8jjH80 is formed by treating basic 
ture not exceeding a dull red heat The mass glucinum carbonate GlC()3,6fi]0,8Hj0 with 
is then treated with water, and the insoluble hydrogen peroxide which is moderately stable 
aluminium fiuorjdo removed by filtration, and exhibits all the usual properties of peroxides 
The filtrate is evaporated to dryness, nnd (Komarovski, J. Russ. Phys. Cliem. Soo. 1913, 
heated with strong sulpliuric acid, thus removing 45, 608). 

fiuorine and silica. The solution obtained on c/dom/c 01(3j is formed by passing 

adding water is treated with nitric acid to a current of dry chlorine over a mixture of tho 
oxidise iron, and the filtered liquid is poured oxide and sugar charcoal, heated to bright 
into an excess of ammonium carbonate solution, redness in a porcelain tube (Pollok, Chem. 
Hot water is now added, after which the solution Soc. 'IVans. 1904, 604). Heat of formation 
is filtered, mercuric chloride added, and the 112*0±0‘4 p.c. (Miejonz and v. Wartenberg: 
remaining iron is precipitated with ammonium Zoitseh. anorg. Chom. 1921,116, 267). It forms 
sulphide. The filtered solution is boiled, white noedie-shapiid crystals, molting at 400”, 
whereupon basic glucinum carbonate is pro- and boiling at about 5()0‘". It forms a hydrated 
cipitated, which, on ignition, yields pure glucina chloride GlClj{,4H2(), and also double salts with 
((Jibson, Chem. Soe. Trans. 1803, 909 ; I..eboau, platinum, tin, and mercuric chloride, and with 
Compt. rend. 1895, 121,641 ; Pollok, (3iem. Soc. iodine trichloride (Wcinland and Sohlogelmiloh, 
Trans. 1004, 603). Various other methods of Zcitech. anorg. Chem. 1902, 30, 134). 
preparing glueina from minerals have been Glucinum iodide GHj is obtained by heating 
described by Kruss and Moralit (Ber. 1890, 23, the carbide in a stream of hydriodie acid, carrying 
727), and by Bran and Oordt (J. Soc. Chem. Tnd. iodine vapour ; it melts at 610®, combined with 
1906, 1147; Eng. Pat. 15973, liMG). * ammonia to form 2{Tll2.3NHg; and yields 

It is a white amorphous powder of sp.gr. crystalline compounds with aniline, pyridine, 
3*016, which fuses at 2460®±50^ volatilenearits and other organic baflcs. With bromine it 
molting.point, and forming, after cooling, a yields the corresponding bromide (Lebeau, 
crystalline mass, which is harder than ruby Compt. rend. 1898, 126, 1272). It forms a 
In the electric furnace it is reduced by, and doublosalt with lead iodide (Mosnier, Ann. Chim. 
forms crystalline compounds with, boron, Phys. 1897, 12, [vii.] 374). 
silicon, and carbon (Lebeau. Conipt. ren'd. 1896, Glucinum fiuortde. is obtained by the action 
123, 818). Heat of formation 135'9±0-9 p.c. of hydrofluoric acid on the oxido. It is soluble 
(Mielenz and v. Wartenberg). in watej and alcohol, melts at 800®, and is 

The oxidp acts as a feeble acid towards converted by oxygon into the oxytluoride 
strong bases, forming the salts Gl(OK) 2 , whilst 5C}lFj,2G10 (Lebeau, l.c. ; and 1416). 

^rithleeble acids it acts as a base, yielding sucb Glucinum ccrhonaics. Basic carbonates are 
BAlto as (GlSOalj-GlO (Kriiss and Moraht, l.c. ; formed when a glucinum salt is tr^ted with an 
Seubert and Elton, Zeitsch. anorg. Chem. 4,44). alkali carbonate. If carbon dioxide be paesed 
It is insoluble in water, but dissolves in strong through the aqueous solution or suspension of 
sulphuric acid, yielding the su^hato, and also the basic carbonate, and the solution then 
in foBed potassinm fluoride (Duboin, Compt. evaporated in an atmoe^ere of carbon dioxide, 
road. 1896, 123, 698). Acco^ng to Win^r the normal salt G 1 C 09 , 4 H |0 separates. 

^Bcv. 1861, 84, 1966), when the oxide is heated • The glucinum borate 5G10,BgOs, desciiM 
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by Kriisa and Moraht, is probably a solid solu- columhates (Larason, ihiS. ISOfi, 12, 188), meta- 
tion of boric acid in glucinum hydroxide, mnadatc (Brinton, J. Amer. Chcm. Soc. 1916, 
According to Bleycr and raczuski, no definite 38, 2301) have been obtained. Organic acids 
compound arc formed by tlio interaction of react with glucinum carbonate, forming salts of 
ttlucinum hydroxide with aqueou.s solutions of the type OljOXj, and GI 40 X 3 X', 

Mric acid. (X, X' being organic; radicles) (Tanatar and 

Gluc,inum tmlpbidt is a white amorphous Kurowski, J. Hns.s. l^hya. Chem. Soc, 1907, 
mass, not decomposed by wat(^r, but readily by 31). 930 ; Lacombo, Conipt. rend, 1902, 134, 
acids, oven carbonic acid. Jt burns with a 772 ; (llussmanti, Bor. 1908, 41, 33; Parsons 
bright flame in contact with strong nitric aci<l and Sargent, J. AiiK'r. (’hem. Soc. 1909, 31, 
and is doc'omposed by chlorine nr bromine with 1203). 

formation of the respective lialoid com])ounds. (Huchium (hmc artialr (il()4((.lH3 CO^), is 
It is prepared by heating glucinum cliloride in readily sllubJc in ehlorofonn and may be dis- 
u current of hydrogen sulphide (Mi(;beilner and tilled unchanged (h.p. 330'^). By this means 
Stoinmetz, Zeitsch. anorg. Oluun. 1913, 82, 1)2). glucinum may bo separated quantitatively 
Olacinum Hulphatt’fi. The following siiljihatcs from iron and aluminium, 
have been obtained: G]S()4,0H2() ; G1SU4,4 Hj< ); Otlu-r iirgaiiu; compounds of glucinum are 
GIS04,2H2U ; («1S()4.Ho() ; (5IS( >4 (PamotiH, described by Wyroiiboff (Z.r.); Kurowski (J. 

Amer. Chem. Soc. 1904,20, 1433; Lon Malvano. | Kuss. IMiys. ('hem. Hoc. 11K)7, 39, 1030; 1908, 
Zeitsch. anorg. Chern. 1900, 48, 440). The i 40, •'>80. 787) ; (hirtiiis and HisRorn (,). pr. Cliein, 
anhydrous salt obtained at 230'' is stabh* up to 1898, [u.| 58, 201) : (liassmann (Her. 1907. 40, 
530'M>40'\ and thus allow.s of the <*s(imati<tn of ; 30,59 ; ('luuu. Zeit. 1907, 31, 8). 
glucinum in the form ol its siilpliate Clucinum | GLUCONASTURTIIN, GLUCOTROP^OLIN 
sulphate does not. form acid sall.s even wlien v. (JuJCosrnKs. 

dissolved in suljihiirie aciil. A),so th(' Ihio^ GLUCOSAMINE v. (^miuoiiydkatij.s. 
nulphnte (HS.O^,! J H .O (Faktor, (3 ilmu. Zetitr. GLUCOSE r. C'AHiioiiYnKATKS. 

1901, ii. 878); and (Seubert and KIten, GLUCOSIDES. The glucosidcs arc a large 

Zeitsch, anorg. (3iem. 4, 44). and nniiortanb group ot substances occurring 

Olucinmn ckrcntwtt GK'rO^.HJ) luus been alnio.st. exclusively iu the vegetable kingdom, 
obtained by evaporating a solution of *4,he which, by the operation of liydrolysis, involving 
carbonate in concentrated clirotnic acid. It the addition of the elements ol water, arc resolved 
forma roddish-yellow crystals, which are do* into sugar and another compound not belon^iing 
oompoaed by water, forming the basic salt l.o the cIims of carbohydrates. Tlie sugar thus 
GlCrt) 4 ,fl(jl(()H) 2 , which can also be obtained formed is usually glucose or rhamnose; certain 
by precipitating glucinum sulphate witli am- glucosidos yield other carboh^ydrates, some of 
monium chromate (Glassniann, Ber. 1907, 40, [ wliieh have not yet I.M?en identified. 

2402). i The hydrolysis may often, but not always, bo 

r«W>/V/c Gl(!._> is oliiained by beating ' rapidly effected by lieating with dilute acids, 
the oxide with carbon in tins eh'ctrie fnrna<’e It may also bo brought aliout by the action of 
(Henry, (lompt. rend. 1895, 121.000; Lebeaii, appropriate enzymes, such as cmulsin, myro- 
ibid. *496). Jt forms microseopie yolkjwish- sm, &c. 

brown crystals, which scratch quartz, and arc (llucosidcs are, in many cases, far more 
decomposed by water with formation of jiuro resistant to livdrolysis by acids than is generally 
methane. Also decomposed by hot eoncen- sujiposed, aru'l almost invariably their behaviour 
tratod alkalis, and by halogen muds, yielding the towards acids is in marked (?ontraBt to the ease 
corresponding halide. ^ with wliich they are hydrolysed by the appro- 

Qlucinum nitride is obtained by pnate enzyme. There is some evidence that 

heating the metal in nitrogen, or. better, in the nature of the acid is not without influence, 
ammonia or cyanogen. Melts at 2200'^, and some glucosidos being more easily hydrolysed 
solidifies to nolnurless crystals which scratch by hydrochlorii; than by sulphuric acid, 
flass, stable in .air, and only slowly decomposed As a rule, a plant containing a glucoaide also 
by boiling water. Chemical projicrties similar : contains a corresponding enzyme capable of 
to those of aluminium nitride, but is decomposed ! hydrolysing it. the enzyme being present also 
more readily by dilute acids and hot concon- | in allied species which do not contain the 
trated alkali hydroxides. i glucoside. On the other hand, the elder (•S'am- 

Qliicinum boroMrbide C 4 B 3 GIJ, obtained bums nigra, Linn.) affords an example of a plant 
when glucina is heated with boron in a earbon ; containing a glucoside, accompanied by very 
boat in the electrie furnace, forms brilliant little of the corresponding enzyme. Enzyme 
crystals with a metallic lustre ; sp.gr. 2-4, ! and glucoside do not exist in the same cell, but 
readily soluble in acids, and not decomposed b}’ ! they are brought together should the cellular 
water (Lebeau, Gompt. rend. 1898. 12G, 1347). structure be damaged or rendered permeable. 

Olacinum phosphates (Rammelsberg, Chem. In the greater number of cases only one 
Zentr. 1891, ii. 790; Sestiit, Gazz. cBim. ital. variety of sugar is formed on Iwdrolysing a 
20,313 ; Ouvrard, Ooinpt. rend. 1890,110,1333); i glucoside, although, in some instances, two 
arsenates (Bloyer and Muller, Zeitsch. anorg. I different carbohydrates are produced, or possibly 
Chem, 1912, 75, 285); phosphates, phosphite, ; two or more glucose molecules; in such cases 
and kypophoaphite {ibid, 1912, 79, 263): iun^- the simple sugar molecules are probably united 
states and silicodangslates (Tanatar and Kurow* as di* or tri-saccharides. Using appropriate 
ski, J. Buss. Phys. Chem. Soc. 1909, 41, 813; enzymes or acids of different degrees of con- 
W^uboff, Bull. Soc. Franc. Min. 1896, 19,' oentration, it is possible to remove the sugar 
240), mol^daies (Rosenheim and Wose, Zeitsch. groups one at a ^me, and so form newglucosiow. 
anorg. Chem. 1897, 15, 283, 306, 307), and ’ Thus, from amygdalin, by the action of the 
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enzyme amygdalase, which is present in some 
varieties of yeast, the glucoside of mandolo- 
nitrile is formed together with glucose. 

The majority of the glucodidis are colourless, 
crystalline neutral compounds, one or two are 
basic, and a few are acidic. They arc usually 
soluble in water and alc-ohol. and but very 
sparingly soluble in ether. 'L’hey erystallise 
with one or more molecules of water, which is 
lost on heating. They arc charred when iieated 
to a moderately high teniperatun*. oeeasionally 
a Bublinnito of the non-sugar eonipor^ont being 
obtained. Tliey are not acl<‘d upon by Fehliiig’s 
solution, so far a.M the sugar part of the 
molecule is concei-nod. Many of them are 
optically active, and, as a luh', rotate rays of 
polarised light to the left, althougli derived 
from a dextro-rotatorv cai'boliydiate. Pictet 
and (Joudet (Ilelv. ('him. Acta, 191!), 2, 098) 
consider ftiat this property may be duo to the 
glucosules containing a glucdsan ralh -r than a 
glucose ring structure, since they have obtained 
I glucosan by distillation under reduced pruasure 
of a number of glucosidea. T)i<\v have often a 
bitt(‘r taste, and a theni]U’Utic action, being the 
active principle of inanv plant extracts nsed in 
pharmacy. The general oehaviour of the glu* 
co-sidcs and tlu'ir close rnlationslnp to the 
synthetic inetliyl glueosides (t\ CAKlion yphatks) 
ostablishos tiieir structure beyond doubt as ; 


I no glucosiclic derivative of a-glucoee hM yet been 
I described as occurring naturally. 

In addition to a few of the natural gluooeidee 
of plants, other glucosidea have been prepared 
in the laboratory. The isomeric a* and p-methyl 
glueosides arc discussed under Oardohydbatss ; 
glueosides of primary alcohols, e.g. ethyl, 
glyceryl, and benzyl glueosides, are obtained oy 
the sauic rm-thod by the interaction of glucose 
and alcohol in presence of hydrogen chloride. 

An alternative method first used by CJolley 
involve.^ tlio interaction of tctraacotylchloro* 
glucose ('gH^OftlfOAc)!, and the sodium deriva- 
tivo of alcohols or iihonols. Sodium chloride 
and the tetraacetate of the desired glucoside are 
formed, and the latter is subsequently hydrolysed 
to eliminate the acctvl groups. In this way the 
natural compounds, helicin, methylarbutin, and 
a number of new glueosides, including those of 
tlii^ f erpencs and of aorno tliiophenols, have been 
prepared. 

Acctylbromoglucose. 'I’ho employment of 
crystalline acotylbroinoglucose in synthetic work 
i lia.a been cxteiiHivcly a<loptcd, and Einil Fischer 
in particular has prepared a number of new types 
; of gluciwide by this moans. The method has 
! boon modified according to the nature of the 
non-sugar compound employed, and the variants 
on the general method may bo summarised oa 
! follows :— 


() ■ 

In many instances the radicle K is a jioly* 
hydroxy- coinpoiiiid. an<l it ts not in all ciuses 
certain to whuh of the hydroxyl groujis tlio 
sugar residue is attached. 

It is furtlier of inti-rest that no natural 
glucoside ha.s been found in two .storooisonu'ric 
form.s corresponding to the a- and )3-mcthyl 
glucoaidos. Judging from their behaviour to¬ 
wards .the emulsin of almonds, many of the 
natural compound** are considoriMl to be derived 
from $-glucos''. Tins view has been confirmed 
in some instances by the fact that glucose is 
first separated as the )3- form of low rotatory ' 
power on hydrolysing the glneoside, and after¬ 
wards undergoes isomeric change to the equili¬ 
brated mixture of a- and jS-glucoso. in fact, 


(r/) Treatment of silver salts of purines, 
tiiioureihanos, &c., with uectobromogluoose ; 

(6) Treatment of alcohols or phonoU with 
the reagent and silver oxide in other ; 

* (c) Shaking an alkaline solution of a phenol 
with an ethen>al solution of aoolobroDiogluoose ; 

(d) Tn’atment of plionolie ooinpounds and 
the reagent in prosenco of a small quantity of 
quinoline. 

The main typos of synthetic glueosides 
obtaini'd by these reactions can be classified in 
a few groujw :— 

Manddonitrilc glueosides (E. Fischer and 
Bergmann, Her. 1917, 60, 1047). An interesting 
sequence of reactions has led to the Bynths^ 
of several of the naturally-occurring mandeto* 
nitrile glueosides ; the work may be represented 
schematically as follows :— 


Ethyl r-maiidi'late and acctobromoglucose (with silver oxide) 

Ethyl totra-acotylglucosido-r-mandciato 
(ammonia in methyl alcohol) 

Tctra-acetylglucosido-r-mandciamidcs 
^ (fractional crystallisation) ^ 
the d-Amide the ^Am^do 

POdi, POCl, 

i • •'1' 

the d-Nitrilo tho*-Nitrilo 

(Sambunigrin tetracetate, m.p. 125®, [ajj,—62*5°) (m.p. 139“-140®, [alp—24®) 

(hydrolysis of cither, with simultaneous racemisation) 

r-Mandelonitrile glucoside 
(identical with natural Prviauraain) 

^ (fractional crystallisation) ^ 
d-Sambt^nigrin, The f-mandelonitrile 

(not yet found in nature). 
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1 ’he glucoside linamarin, which occurs in 
nature, has also been synthd/ically prepared by 
K. Kificher by a similar series of reactions. 

Purine. (jliicDsidcM (K. Kischcr, Ber. 1014, 47, 
210, 1058, 1577, 3103). By union of the silver 
cleriva(ivn.H of purines with acetobromoglucoee. 
followed by removal of the acetyl groups by 
moans of nninionia, glucosidos, galactosidcjs, 
and rhaninosidt's of adenine, guanine, hypoxan- 
thino, theophylline', tlmobrornine, dfcc., liave 
been prepared; theophylline glucoside was 
further eon<lenH('d with phosp})oryl chloride in 
pyridine solution, yl^l^ing tlioreby hi/draled 
ihruphyllinc<jhirfm(lf>}>lionphoric acid (a synthetic 
miC'leotid('). The method of preparation has 
been patentcil by Hayer & Co. (D. R. 1*. 281008), 
CiliLCoMdcs (ij conijdcx alcohols. Giueosides 
of gerauiol, eyclolu'xanol, ite., have been pre¬ 
pared by treating the ethereal solution of the 
alcoliol and a('etobromog]aeo.se w'itli silver oxidi^ 
(E. Eisehcr and Helferieb, Antiah'ti, 1011,! 
383, ()!►). I 

kSitosterol and eliojesterol glui^osides, closely | 
re.8cmbling the phytosterolines, were synthesised 
by iSalway (Chem. fSoe. Trans. 1913, 103, 1022). 

Phentk qlm'.osidni. I’hloroghieinol-, resor¬ 
cinol-, and 2.4.()-tribromoplienol-d-gluco8idp9 
were obtained l>y K. Kiselior and Strauss (Bcr. 
1912, 45, 24157) by shaking the alkaline phenolic 
solution with an ('thereal solution of aoetohroino- 
gluco.se and subseipient removal of acetyl 
groups. The former eoinpound is identical 
witli tl»p glu(’osid(> obtaine(f from phloridzin by 
(Vomer and SenlTeri {Ber. 1912, 45, 25(55), and 
is capabh' of producing diabot('S. 

A mi.xture of a- and jS giueosides was pre¬ 
part'd l)y wanning phenols {e.q. resorcinol) or 
menthol with aeetoliroinoglucose in prosonee of 
quinoline (E, Kiseher and von Mechel, Ber. 
191(5. 49. 2813; K. EiHeher and ncrgniann, 
Ber. 1917,50.711). 

Arbutin lias been prt']»arod coin])l<‘tely free 
from nudhyl arbutin ny synthesis innn ueelo* 
bromoglueoBo and quinol in presence of alkali 
(Mannich, Arch. Pharm. 1912, 250, 547). 

Gluco-p-oxybenzophcnono, m.p. 178"-179°, 
all)—5(3®, and gluct)-p-aeetophenono have been 
similarly synthesised. The latter, synthesised 
by .Mauthner in 1912, is identical with Tanret’s I 
picein, isolated from itine needles (Mauthner, j 
J. pr. Ghenit 1913, [li.J 88 . 7(54). 

Giueosides of phenoiearboxylic acids have i 
boon similarly pre^iarcd by employing the 
glucose reagent with an alkaline solution of 
the methyl ester of the acid, followed by sub¬ 
sequent hydrolysis ; glueo-ia-o.xybenzoie acid, 
CiaHjjOy, melts at 143‘^-144°, and haa fdljj—08® 
(Mauthner, J. jtr, Ohein. 1911, [ii. | 83, 050), 
Interaction of aeotobromoglucoHe and silver 
salicylate (P. Karrer, Ber. 1917, 50, 833) in 
boiling toluene solution yields two isomeric 
substances, tctra'acctylglucoae. ialicpUitc * 
CaH,(OH)OOOCBn,OsAr4 
crystals, m.p. 186®, and salicylie acid tclm- 
aceiylqlncosidc 0O0H’CjH4*0‘CjH7Og.\e4, Itevo- 
rotatory, m.p. 167®. ] 

The foi mergives a violet coloration with fe^ie 
chloride, and with methyl-alcoholic ammonia 
yields salioylamide ; the latter gives no colora¬ 
tion, and is soluble without fission in very dilute 
aqueous unmonia. 


Tho furinatjuu of those two isomerides is 
attributed to tho coexistence of two modifica¬ 
tions of silver salicylate ;— 

.COOAg .COOH 

and 

\OAg 

It has been shown in addition (Karrer, Nageli 
and Wcidmann, Helv. Chim. Acta, 1919,2, 242; 
1921, 4, 130) that tho silver salts of many d- 
I hydroxy- and d-amiuo- acids give a mixtui'c of 
' glucoside and glucose esters of the acids, whereas 
?»*or p-H^droxy acids yiild only glucose esters. 

Mustard od giueosides. Schneider and colla¬ 
borators (Ber. 1914, 47, 1258, 2218, 2226) have 
synllioai.sed giueosides of Iho general formula 
B.Nt ClOEtl.S.CjHjjOg from acctylbromoglu- 
cj)se and silver salts of tliiouretlianes, the silver 
salt of thioglucoso being obtained as a by-pro¬ 
duct. • 

Anhydromethylglucoside (E. Fisclicr and 
Zaeh, Her. 1912, 45, 45(5, 20(38). When tri- 
aeetylmcthylglucosidc; broinohydrin is warmed 
with baryla solution, auhydromcthylglucosido 
is produced, and distils without decomposition 
at very low prossurcs, Tho anhydrosorbitol 
obtained from it by reduction is isomeric with 
slyracilol (found in t^tyrax ohassm) (Asahina), 
and suggests that anhydrides of dextrose and 
of giueosides may occur in nature, 

A nuTffbor of gluco.side-likc derivatives of 
glucosamine, synthewised from triacetylbromo- 
glucosamine, have been described, chiefly by 
J, C. Irvine and co-workers. 

Ammoincihiilgliicosidcs. An aminomcthyl* 
glucoside was produced by moUiylation of 
Lriacciylbromoglucosamine (Irvino, McNicoll 
and Jlynd, Chem. Sue. Trans. 1911,* 99, 260 j 
1912, 101, 1128). 

A second, different, annnornethylglucoside 
was formed by tho action of ammonia upon 
methylgluc'osido (K, Fischer and Zach> Bcr. 
1911,44,132). 

a-Aminohdicin and a-aniinosalicin. These 
were obtained synthetically from triabetyl- 
bromoglucosamino hydrobromidc and salicy! 
aldehyde and saligenin respectively (Irvine and 
Hynd, Chem. Soc. Trans. 1013, 103, 41). 

Morphine glucosamine. In tho preparation 
of aminohdicin and aminosalicin morphine waa 
employed as the alkaline or basic condensing 
agent, and as by-i)roduct there appeared 
morpliincglucc«aminc (Irvine and Hynd, Chem. 
Soc. Trans. 1913, 103,41). 

Enzyme syntheses. The synthesis of gluco- 
sidoH from their components by means of 
enzyme action has been developed by several 
workers, especrally Bourquelot and his colla¬ 
borators, whoso results are described in the 
following papers;— 

Ann. Cnim.Phys. 1913, [vui.]28,145; Compt. 
rend. 1912, 156, 1552; 1913, 167, 72, 732 ; 
15(3, 957 ; 1015, 100, 742 ; 161, 184. 

it has been found that the same enzyme 
which hydrolyses a glucoside in presence of 
excess of water will synthesise it in presence of 
exor.s.s of tlie hydroxy-component of the gluco* 
side; moreover, if conditions aro employed 
in which the reagents are present in equi- 
molecular or other definite quantities a state of 
equilibrium is rcathed which can be approached 
from either set of components—glucoside and 
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water, or sugar and non-sugar oomponont of the 
gluooeide. 

An interesting suggested application of this 
method as a qaalitativo polarimetric test for 
glncosides iik plants has been made as follows :— 
the suspected material is hydrtjjysod by an 
enzyme, the change in rotation is observed, 
the solution heated to lOO^C)., and cooled, more 
enzyme is added, and if difiplac(‘ment of the 
rotatory power towards the original value oeeura, 
it may be taken os an indication of the prosonco 
of a glueoside in the original inaierial. 

It may he mentioned hero t.hat •Kertroftid 
and Compton (Oompt. rend. 1912, l/>4, 1()4()) 
^ert that hydrolysis by cniulBin of ghieosich's 
is not revoraibk;. 

A point arising in the course of Jbmnjuclot's 
work was the discovery that, contrary to general 
assumption, the activity of einulsin is not 
invariably^and completely inhibited by alcoliol. 
Thus, gpvtiopicrin and mltctn may bi' liydro- 
lysed, at all events ])artially, by cmulsin in 
comparatively concentrated iilcoholie solution 
(Bourquidot and J5ndcl, J. J*harm. c’um. 
1911, [vii.] 4, 385; Compt. rend. 1912. 154, 
944). 

As exanijiles of the gtuicral method of glueo- 
side syntlieKiH l>y enzyme action may bo men¬ 
tioned the prejiaiation of metfiyl-, genmyl-, and 
cinnamyl-^-glucoaides and of ia'nzyl-^ galacto- 
side from the corresponding alcohols find sugars 
in presence of emnlsin. On the other hand, 
similar a-glucosidos have been produced by tlu* 
action of the enzyme (o-glucosiduse) contained 
ill the aqueous extrai t of bottom yeasts. 

The synthesis of glucosulos of glyi’ol and 
glycerol, (iiflicult by otlier means, was efiected 
by the eiizyme method, ernulsiii being used. 
a-Glycol rnonoglucoside was obtained crystal¬ 
line, [all,-h 135^, and two dilTerent glyceryl 
monoglucosides were prepared from an aqueous 
solution of glycerol and glucose m presence of 
emulsin in the course of nine months’ reaction, 
in the form of a hard amorphous mass, 

H&malainicn (Biochem. Zcitsch. 1913, 49, 
398; 60,209; 52,409; 53, 423) has Hvuthesised 
a number of glucosidcs of .terpene alcohols by 
the enzyme method (emulsin), including those 
of: f-Dorneol, r-isoborneol, camphene, </- 

oitronellol, cyciohexanol, diliydrocarveol, I- 
fenchyl alcohol, sabinol, santcnol, c^-tcrjiin, 
and terpineoL 

The function of glucosidcs has been a subject 
of considerable discussion. They have been 
regarded as reserve materials ; as antiseptics, 
and, therefore, bactericidal in character; and 
aa protectives, on the assumption that the bitter 
taste and poisonous properties of many would 
act as a warning to animals. A more recent 
view is that the non-sugar constituents function 
as hormones ; that is, they arc able to penetrate 
the plant colls and stimulato the protoplasm to 
greater activity; mucii evidence has been 
adduced in favour of this view (.see E. F. Arm¬ 
strong, The Simple Carbohydratos and Gluco- 
Bides, London, Longmans, 1919). 

Pf€pamf*o».—Glucosides arc obtained from 
plants oy ostraction with water or alcohol, the 
abstract being subsequently purified in a variety 
of ways to euminate other s^uble substances. 
Tho axtcactaon of tho plant material is often 
OQumileatly performed in a Soxhlet apparatus; 


and ethyl aootate will sometimes be found to 
bo a convenient solvent. It is essential in 
most cases to destroy tho accompanying enzyme 
lx)fore extracting with water, so that hydrol^is 
may not take place. 

For convenience of reference only the most 
important glucosidoH are here described in 
alphabetical order, 'llioy are, perhaps, bevtei 
clu'i.silied in groups according to t^o nature of 
tlic nori-Kugar couHtitucnt, and brief reforenoo 
may therefore bo made to those groupiqgs. 
tipocial works dealing with the glucosides are : 
I an Hijn, JJio GlueoHidc, Berlin, 1900 ; fJoflCOe- 
Schorlemmcr'.H (Jhemu, Band 8, PHanzen 
Ulucosido, Braunachweig, 1901 ; Artnetronfff 
Tho Simjilo Carbohydrates and Gluoosidee, 
London, 1919, in all of wliieli numerous references 
to the original literature will be founil. 

Phenoh oi'ciir very friujiumtly as constituents 
of glucosidtvi, especially tliose containing two 
and more liydroxyl groups. Tho sugar residue 
IS attached to a phenolic liydroxyl rather than 
to an aliphatic ah-ohol group m a side chain, 
n.g. .salicin, conih^rin. 

AldthydcH. A number of gluco.sidcs of 
bcuzaldoliydc e.vist, but in most of the^o hydro¬ 
gen cyanide is attached to tho aldohydo group. 
'I’lie rehitionsbi]) of amygdalin, and the three 
amygtlonitriio glucoHidcs, praltfwrastn, sawbu- 
Mif/ri??, and prana^in, is of considerablo interest, 
Sulinignn, the t^hu^oside of m-hytlroxybenzalde- 
hyde, is isomorie with hdirin, tho glucoaidc of 
o-liydroxybenzald'-hydo, obtained by oxidising 
saliein, but not yet lound in plants. Dhurrin is 
a dcnvative of p-hydroxybonzaldehyde. 

Acidf<. (ilucosides of the liighcr fatty acids 
are charaeU'riHtic of the Vonvolviilacea, and are 
used as purgatives. 

Ooiinuirinft. The glucosidos of the coumarin 
group are interesting. Tliat of coumarin itself 
lias not yet been isolatod, though tiicro can be 
little doubt that coumarin, which is so widely 
difitributeil in plants, is present in this form. 
Skimmin is a monohydroxycoumarin ; ssculin 
and daphnin are isomeric dihydroxycoumarim ; 
fraxin, a trihydroxycoumarin. Scopolin is tho 
methyl ether of msculin. * 

Uydrvxyanlhraqiiinone. (jluc,oside^ are madder, 
frangiiUn, and others, like aloes, which form 
emodin on hydrolysis. 

Hydroxyjuivone. glucoNidcs all give yellow dye¬ 
stuffs. Those cleHcribod arc apiin, fuBtin, gOBsy- 
pitrin, incarnitrin, qucrcimeritrin, qucrcitrin, 
t«oquercitrin, robinin, rutin, serotin, vixetin. 
xanthorharanin. They are mostly rbamno- 
sides. 

The following glucosidcs contain rhamnose : 
Tiaptidin, convallamariri, daiiacin, franguHn, 
fuatin, glytyphyllin, he^peridin, kamphenirinf* 
ouabain, naringin, queTcitrin, ro6tntn, rtUin, 
aolanin, strophaniin, irifolin, a-lurpethein, zatUho- 
rhamnim. ^ 

Those containing pentoses other than 
rhamnose are; Aloin, antiarin, convcAvvUn, 
gantiin, hcllchornn, jestprin, quinovin, aaptmiiif 
^■turpeihein, vicianin. 

The following contain galactose: Convalkt^ 
marin, digiionin, robinin, eapotoxin, adanin. 
Laevulose has so far only been obtained from 
oZfttn, tho glueoside of gariio (Rindquist, Apo^ 
Zeit, 1910, 25, 105). 

The glucosidcs hydrolysed by enulsm Wf i 
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^iculin, amygddUn, amycjdmulrih glucodde, an- 
droein, arhutitit ancuhin. bankankoain, calmatam- 
bin, coniferin, daphnin , dhurrin, gnUiopicrin, 
incarnairin, indicant, vieliatin, ohuropcin, picchi, 
prulaurasin, mhcni, mmhimigrin, sifrinjin, 
laxicatins verhcndhn. 

Adonin (^'241110^^91 from Adonis anuircH'ii.s 
{lleg and Uaiia) {(’. Tuluira, Ber. 24, 2r)7!)). 

AEscuIin <v.Hi8()Bi^Aq, m j). 2or)', w 

ftnmd in tiio bark of tlic horwe chostnut {J'l-n iilns 
hippocaslanum, Jjinn.), and in Ihi; roots of 
the wild jasmin {(lch( )ninni soapm-irrns, Ail ,)- 
It is very Hpanngly H(»luble in cold wat(;r, and 
crystallises in Instrous colourlosH prisms, ('liarac- 
toristic is tlie bine Ibion^si'onc*! of iJje aqnoons 
solution, even wlxm very greatly dduted; it is 
evident in a solution of 1 jiart of ieseiilin in 
IT) million ])artH of wati'f. Alkali HK'reii.ses tin' 
f]uorescenc(\ acids dcHl.roy it. Tli<‘ aipii'oiis 
solution is faintly m'ld. Jt gives a yellow solu¬ 
tion with nitric acid, wliieli, on tlu' aildition of 
ammonia, ac<|uiroH a diMj) lilood red colour 
{comp. tScliunck and Marcldcwski. Annalcn, ISi)4. 
278, ; ({attennann and Kolmcr. Her. IHbb. 

22 . 288). Jly the action of warm dilute mineral 
ncids or of emulsin at 20’’, losiuilin is liydrolysed 
to glucose-j-ic'^eiiletm {a (iilr\'di‘oy.\coirmann) 

/E^culctin lias the formula: 


Cir.tdf'dO 



vKuuilin lb isutuene wuth daphniii. 

Aloin, Barbaloin. Tiie glueosides from the 
various species of aloe are but mdeliiutely cliarac- 
torised. They are decomposed into aloe ornodin. 
which 18 a tnliydroxymethyl n.nthra(|uinone 
identical with that derived from frangnlm. and 
a sugar wliieli is sometimes dextrose, sometimoK 
a pentose. Jjcgor (Bull. iSoe. elnm. liHO. 7. 47!); 
and Compt. rend. 1!)U), 150, 1(H)5) ascribes to 
b^arbaloin the formula (boHiB(^ 9 . obtained 
from it on liydrolysjs, emoilin and d-arabino.se. 
Since tho nrabinoso, which is a constituent of 
gums, &c., is f-arabinos(‘. the oeeurrence of the 
d-isomeride is remarkable, as showing that 
sugars of both d- and /- series occur naturally. 

Amygdalin Ck.oH„7()iiN.2Aq, m.p. 200", 

28® 

[a]* —3811°, is the oldest known glueoside ; it 
was first found by Robiquet and Boutron in 
1830 in bitter almonds. The composition and 
mode of docompo.sition by emulsin into glucose, 
oil of bitter almonds, and hydrogen cyanide, 
.was first indicated by Wohler and Liebig. 
Bosidos tho bittor almond, it is contained in tho 
kernels of peaches, cherries, plums, apples, and 
in the fruits of most of the Hosacfa. It 
orystallises from water in trlinsparcnt rhombic 
prisms, from alcohol in glistening platelets. It 
IB soluble in w'utcr, sparingly soluble in cold 
alcohol. 

It is very readily hydrolysed by tlio emulsin of 
almonds to glucixse (2 mols.), hydrogen cyanide, 

and benaaldehyde 

CwHii0iiN+2H;0=-C,H,0 + HCN+2C,Hi,0a 
Yeert oemtuns an enzyme amygdalaso, which 


hydrolyses it to glucose and amygdonitrile 
glucosidc {prii7iasinj 

(:,oH,.OiiNbKA)-(‘,Hj,Oe+C,4Hi70eN, 

which lias since been found to occur naturally, 
and i.s, in its turn, hydrolysed by emulsin. 
Almond eiiuilsm lias been shown to be a mixture 
of thri'c en/.yme.s, which act consecutively. 

Amip/d'ilase first split.s oil one molecule of 
glu('r)sc, a f^ ghn'asr liydrolyses the amygdonitrile 
glucoKid(‘ to ^-glucose ami (/-inaiidelonitrilc, and 
fipinast liydi'olyses tins }a.st to benzaldehydc and 
liydrogeif cyanide. It lias not been possible to 
obtain the two glucose molecules from amygdalin 
uniU'd in the form of a (.iisaccharKle by means of 
plant en/ynicH-, but using the digestive juices of 
tile snail H<h.r jtoinaim, (baja {(kmipt. rend. 1910, 
150, 503) lias demonstrated that a non-reducing 
disai'chaiido ol t he (ridialose tyjic is first formed, 
(lioiigii subscijiK'Utly hydrolysed to glucose. 
Tile <lisa.e(;luiri<le of amygdalin is definitely not 
mail (ise nor eellobiosc. Dilute acids act as almond 
(MUiilshi does ; strong liydrochlorii! amd hydro¬ 
lyses amygdahn to /-mandelie acid, glucose, and 
ammonia. Doneentrab'd sulphuric acid gives 
glueoHi' ami d-mandelomlule. 

(In treatment witli baryta, the, d-mandelo- 
nitnii' group in amygdalin is racemisod and 
ovmmygdalin is olitained. Tins is hydrolysed by 
amygdalase to prulanrasni. (Kor bibliography, 
!«•<■ K. F. Armstrong, The Siinplo Carbohydrates 
and (ducosUh's; also Walker and Kricblu, 
(.Ilu'in. iSoc. I’raiis. 1900, (15, 1437.) 

Amygdonitrile glucoside [Pritmisin) 

m.j). 147°, [all) -2f)''‘,oceurH m the young bninchos 
of I'ranKs {(.'crasns) Padns (Linn.) {H6riH8oy, 
Arch. Phavni. I5i07. 245, (>41), and ifi tho bark 
of the wild cheriy, Pmuns scroiina (Ehrh.) 

I (Power and Moore, (‘hem. Soe. Trans. 1909, 
05, 243). it is obtained from amygdalin by 
the aid ioii of an extract of dried yaant (Fischer, • 
Ber. 1805,28,1508). This enzyme aniygdalase 
is only [ireseiit in some sjieeimcns of brewers’ 
yeast (top fermentation). Amygdonitrile gluco- 
side IS tm^ ^-glucose etluT of d-mandelonitrilo, 
ij-. llic mtiik- of Z-iuandelic acid {cf. prulaurosin 
and saiiibunigrm). 

Androsin 0,BH.oOH'2Aq, m.p. 218°-220°, 
found in tlic rliizome of Apoci/nu7n androscemi- 
fuUn77i (Linn.) (Moore, Dhem. Soc. Trans. 1909, 
95. 734), forms long colourless needles, sparingly 
soluble jn cold water or alcohol, readily in hot 
water. On hydrolysis by emulsin or sulphuric 
acid, it yields glucose and acetovanillono 
Cll3-(10-CflH3(0Mc){0H). 

Antiarin. The latex of Antiaris foxteortVi 
(Lesch.), an arrow poison, contains two gluco- 
sidos. a-Antiarin CL.H42(dio.4Aq crystallises in 
loaflots or plates ; m.p. 220°-225° ; it is hydro¬ 
lysed to antiarose, i.e. a methyl pentose, and 
antiarigenin CjiHgoOj. ^-Antiarin 

('27Ha8Gio>3Aq 

or GggO, ni'lAq, crystallises in slender needloe ; 
m.p. 20b°-207°. Emulsin has no action on either 
gliicosido ; both are toxic, their action resembling 
strophantin (Kiliani, Ber. 1910, 43, 3574). 

Aplln (?). m*p* 228°, found in 

the leaves and sends of parsley \Carwm [Apinm) 
PiiTosdinuin (Ben^. and Hook.)}, in celery [^4. 
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grawolena (Linn.)], and other umbelliferous 
plants ; crystallises in small colourless needles ; 
sparingly soluble in cold, easily soluble in hot 
water and alcohol. The solutions readily 

f elatinise ; they are strongly dextro-rotatory, 
t is hydrolysed by mineral OK-ids witli difficulty 
to glucose, apioso, a 0^ sugar with a branched 
(-AHBOHVnRATES), aiul 

a hydroxyllavone derivative 
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chain of carbons 
apigenin 


or tlie constitution 

HO/ 

X 


II 4' * 

.(JO'OH 


OH 

The sugar residue is prububly united to the 
hydroxyl- group marked x (sw I’crkin, Ohom. 
Soe. Trans. 1897, 71, 817). 

Aralin, m.p. 2(>0“, oceurs in Araha jnpotiir.a. 
It is insoluble in water, contains no nitrogen, 
and docs not r<‘(luce Fehlmg's solution. On 
liydrolysis it yields glucose and an acidic com¬ 
pound amhdin, winch forms white cTystals, 
m.p. 24(i-248’ {Dauzr^l, J. Pharm. Chun. 11)12, 
[vii.] 5, 520). 

Arbutln CijHjoOj.lAq, m.p. 142’, and again 
at 194", [a|j, occurs m the leaves of the 

bear-berry [ A rrlodaphiflva Uva-urat (Spreng) ], 
in a number of Knmccce, and in the roots, 
trunks, and leaves of most jiear Hpocios (Hour- 
quelot, Compt. rend. 1911, 1.52,4(58). Excepting 
in the })oar, it is found associated with methyl 
arbutin, from whicli it cannot be separated 
by crystallisation. HAnssey effoeU tnis by 
the addition of potassium hydroxide to crude 
arbutin 4t«solvea in alcohol. The syrupy pre¬ 
cipitate IB lioated with acetic acid m alcoliol, 
Tidcium carbonate added when it is in solution, 
the alcohol distilled off, and the resirlue extracted 
with water (Bull. Soc. chini. 1910, 7, 1054). 
Arbutin crystallisea in long silky needles, gives 
a blue coloration with ferric (dioride, and a 
aa^phire-blue colour with Junginann’s reagi'Ut. 
It IB hydrolysed by cnmlsin or by mineral acids 
to glucose and quinol; owing to the presence in 
emulsin of a small amount of oxydase, the quinol 
formed in this way becomes slightly oxidised, 
and the solution assumes a yellowish- or reddish- ' 


Meihi/larhuiin CisH,,0„lAq,m.p. 175®, [o]i> 
~04®, cryitallisofi in needles; it gives no colora¬ 
tion with either ferric chloride or JuQgmarm’a 
roi^ent. It is hydrolysed by emulsin more 
quickly than arbutin, yielding glucose end 
qumolmethyl ether (Hhisiwet/. and Habermann, 
Annalen, 1875, 177, 224). It does not ^rken 
in colour on hydrolysis in presence of an oxydase. 
Methyl arbutin was syntliosised by Michael by 
the interaction of acetochloroglucoso witn 
potassium quinol nietlivl etht'r (Amcr. Chem. J. 
1885, (i, 22(i). 

Aucubin<',,Uj 8 <)s,lA(i. m.p. ISPfalj)—174®, 
is found in the seed, k‘ave.s, stem, and roots of 
the Japancjse vaiiegated laurel, Aucuba japonica 
('rhiirib.) and allied hjiccick. it also occurs in 
(7<nr/ia and Plauiaijo species, it is hydrolysed 
by miniiral acids and by emulsin to glucose and 
Hucubigenin (CjllpU,,). Tho latter has not been 
isolated ; it is condensed to an intense black- 
coloured product immediately it is formed. It 
IS tliia eompound which cau.sea aticvha leaves 
tu bocomo lilack wlien jmt in an atmosphere 
of chloroform for a few miautes. (Literature 
HumtnariMcd bv Bourquelot and Hdrissoy, Ann. 
Chun. 1905. [viii.-^4, 289.) 

Baptism iO, 4 ,9Aq, m.p. 240®,(o]i,—61®, 

found in tlie roots of Bapitaia iinr.toria (R.Br.), 
crysl-alliHOB in reniform aggregatos of slender 
ueedlcH, sparingly soluble, in water ; it is hydro¬ 
lysed to rliamno.se (2 mols.) and baptigenin 
C| 4 tlti>C 6 < phenol eontaining three hydroxyl 
groups ((lorter, Areh. Pharm. 1897, 235, 303). 
ip-Bapliffui Cj,HsoO, 4 , 4A(j, m.p. 247®, which 
occurs in the same root is hydrolysed to glucose, 
rliamnoHc, and i/r-baptigenin ('isHujO. or 
/O-OH iCIf-OH 

^ua^ocr-G'CiiO (CJori-cr, Arch. Fharm. 

\() 

1907,245, 501). 

Calmatambln CueH^ftOi,.2Aq, m.p. 144®, 
faJu" 130", lound in the bark of Canthium 
qhibrijlorwm (Hiern.) from 8 ierra Leone, crystal¬ 
lises in colourless prismatic ncodicfl. It is 
hydrolysod by mineral acids and by emulsin to 
giucosc and CdlmatambctinCYifi)' 
it is physiologically inactive (Pymam, Chem. 
Soc. Trans. 1907, 91, 1228). 

Cedrin CjjHjaOa, crystals, m.p. 266®, is 


brown colour {acc Bourquelot and H^rissey, found in Sinaba cedroii, and gives by hydrol^is 
Compt. rend. 1908, 140, 701 ; Bourquelot and ^ sugar which has not yet been identified 
Fichtenholz, J. Pharin. Cliim. I9ia, [vii.] 1, 02, (Viohoover, Geiger, and Johns, J. Biol. Chem. 
104 ; H^rissey, Compt. rend. 1910, 151, 444). 1916, 24). 

Arbutin is roadify detected by moiatening j ciavic’epsin C„H3,0,„2Aq, m.p. 91°, and 
the powdered material with dilute hydrochloric ; (anhydrous) at 198®, is found in iS'ecalecornufvm ; 


acid, heating cautiously on an object-glass, and 
collecting the sublimate of quinol which forms : 


I it is not hydrolysed by emulsin, but with adds 
gives 2 molecules of glucose and 1 moleonle of 


Upon a second object-glass (Tunmami, Ber. m anni tol (Marino-Zuco and Pasquero, Oszz. 

_1__inl10I010\ ... * ’ 


Deut. pharm. Ges. 1911, 21, 312). 

Hirissey’s method for separating the arbutin 
of bearberries from methyl arbutin does not 
give pure arbutin. A better, but still imperfect, 
process is to separate tho arbutin in tho form of 
its additive compound with hexamethylene¬ 
tetramine. Pure arbutin is produced syntheti¬ 
cally from acetobromoglucose and quinol in 


’ chim. ital. 1911, 41, [ii.] 36Ji). 

ConiferinCiflH«a08,2A<i, m.p. l86®,[o]p—67®, 
was discovered jn the cambial sap of Xafia; 
decidua (Mill.), and occurs in the saps of t))e 
conifers in general; it is found also in beetroot 
and asparagus. 

It crystallises in colourless rosettes of pointed 
needles, sparingly soluble in cold water. The 


presence of alkali; the compound (-}-lAq) | aqueous solution has a slightly bitter 
melts at 163®-I64®,and again at 200°, [alp—60®. j When moistened with phenol and concentrated 
Pure methyl arbutin melts at 158®-160®, and j hydrochloric acid, an intense blue colour is 
at 175® (Mannich, .tfeh. Pharm. 1912, | formed; it is soluble in concentrated snlpburic 

_:i.L __1 -.1__ Tx •_ J__J 


, 547). 


I acid with a red coloration. It is decomposed 
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by heating witli niineral acids, but omulsin 
hydrolyaos it to glucose and couiferyl alcohol 
C,H8(OH)(OMe)(:3H/()H. 

On oxidation witli permanganate, ghico* 
vanillinic acid C 8 >ra(OMe)(COjH)()C 3 H nOj, is 
obtained, m.p. 21T’. Chromic acid oxidises 
coniforin to gliicovanillin, m.p. 192°, which is 
hydrolysed by cmulsin or by acids to glucose 
and vanillin (see Ticmann and Haarmann, Bor. 
1S74, 7, 008 ; 1875, 8, 500, 1127 ; 1875, 0, 408, 
1278). 

Convallamarin and Convallarin urc two 

glucosides occurring in CoiiralUiriit mavilis ; the 
former is solubli! in water and alcohol, and has 
a physiological action similar lo that of digitnlin, 
whilst the latter is insolnblc in water and acts 
only as a purgative (Kcichard, I'harni. Zeit. 
1911, 52, I8:i). 

Convolvulin m.p. 150°, is found 

in jalap root, Jpomau jxinpi (llaync). It is a 
colourless amoijihous jiowder, very sparingly 
soluble in water, but readily soluble in alcoliol 
and a(!otio acid, and dissolves in coneenlTated 
sulphuric acid with a roil coloration. It is 
liyurolyscd by acids if) diixtrose, rliodeose, and 
convolvulinolic acid '-^’his acid, on 

o.xidiition, tal<(‘s up 2 nioliieulcn of o.xygen, 
forming nudhylcthyl acetic acid and ipomic 
acid t'joH,(,() 4 , an isomcride of Hcbaeie acid (r/. 
Voto^.ek, Her. ]()10, 4:1, 47li). 

Convolvulin is hydrolysed by aqueous baryta 
to oouvolvulinic aiud, a-methyl butyric acid, 
and purgic aeid. 'Flio iirst-naine.d acid yields 
rhamnose and rliodeoao by the action of mineral 
acids, wliilst t he third similarly gives isorliodeose 
(Votor’ck, Ucr. 1910, 4!1, 475). 

Cymarin('.i„ll 44 ()j,.in.p. llli)°-i:i 8 MalD l 25°, 
occuiv in Apuri/zium caunafmnnn ; by hydrolysis 
arc produced ({i/ntarofiv ( 1711 , 404 , m.p. 88 °, 
whicli is probably a methyl ether of digitoxo.se, 
and cpmarifjoiin, t' 231130^^61 melting at 171°, a 
lactone, said to bo identu'al witli the strojihan- 
thidin of I'i’oist (whose formula is said 

to be wrong). Oyniarin is similar in jihysiolo- 
gical action to atrophanthin and digitoxin ; the 
only difference between oymarin and strophan- 
thin IS tlio ililTcrent sugar constituent (Windaus 
and HermannH, Her. 191.^), 48, 979, 991). 

Daphnin (•|,H,«() 3 . 2 Aq, m.p. 20t)°, Is a con¬ 
stituent (»f the nark of Dnphnt mezmum- (Linn.) 
and I), alpijta (Linn.). It forms long colourless 
needles or prisms,sparingly soluble in water, easily 
soluble in alcoliol. It is faintly aeid. and has 
a bitter ostringemt ta.ste. It i.s soluble in alkalis 
and their carbonates with a golden-yeilow colour, 
the solutions decompose on boiling. On hydro¬ 
lysis by acids or by omulsin, glucose and daph- 
OH : CH-00 


iQH 


-0 


arc formed (uomp. Stiinkel, 


OH < 

Bor. 1879, 12. 109). 

Dfttlsein C 2 |H 240 ij, 2 Aq, m.p. 190°, present 
in the leaf and roots of Datiaca cannahina (Linn.), 
forma colourless lustrous nifedlee. On hydroly-sis 
by acids rhamnose and datmeotin 

aro femuMt (Scliunok and Marohlcwski, Annaleu, 
1803,077,881; 1804.278, 351). 


DhUTLin 0 | 4 Hi 7 O 7 N was obtained from the 
groat millet, iSorghujtt. uiifc/are (Pets.), by Bunstan 
and Henry (Phil. Trans.' 1}K)2, A, 199, 399). It 
is hydrolysed by omulsin and by dilute hydro¬ 
chloric acid to glucose, hydrogen cyanide, and 
p-hydroxybenzaldehyde. It is the glucoside of 
p-hydroxymandeloiiil rile. 

Dibenzoylglucoxylose, (' 2 ftHi 80 i,,lAq, de¬ 
scribed by Power and Salway ('LVans. Chem, 
Hoc. 1014, 105, 757, 1052), ik an entirely new typo 
of nvaturally-occurring glucoside. It occurs in 
Dai'ieJiia latifolia. M.p. i47‘’“148°, falj,—107°, in 
methyl alcfihol. It lias a very bitter taste, is 
sparingly soluble in cold w'ator, ether, or chloro¬ 
form, but readily in hot water or in alcohol, 
it (loos nut reduce J'Vliltng's solution. The 
pcnta-acetate has m.p. 203°. 

Digitalis glucosides. The leaves and seed of 
tin* foxglove, JhijtUiha parpiucn (Linn.), contain 
glucosid(^s, which increase the activity of all 
forms of miiselo tissue, more especially that of 
the licart and arlcnoles. The leaves contain 
digitahn, digitoxm, and, jierhaps, digitahun, the 
existence of this as an entity being uncertain. 
'Pho seeds contain digiialm and (ligitonm, a 
glucoside of the saponin class, which is possibly 
also present in the leaves (c. IMgitalis). 

Digitalin “r 

is obtained from commercial Ch'rrnan digltalin 
by extraction with ether-alcohol, it occurs in 
charactpristic colourlesK granular masses, and 
crystallises m ncpdle.s from 85 ]>.e. methyl 
alcohol. It IS very sparingly soluble in cold 
water, readily m alcohol.- ('oncentratcdsnlphurio 
acid dissolves it with a golden-yellow colora¬ 
tion, whicli changes to a maguilicent rose-red 
or violet-red on the addii-ion of potassium 
hypobromitc.' Sulphuric acid containing a little 
ferric oxide gives, with digitahn. at first ai^ 
intense golden-yellow, and then a red colour 
changing to a permanent reddisli-violet. 

It is hydrolysed on heating with dilute 
alcoholic hydrogen chloride to glucose, a sugar 
(%H, 4 ()j named digitalose, and digitaligenin 
^’ 23 ^ 30^8 or (' 113 H 32 O 3 , which lost erystdUees 
in granular aggregates of needles; m.p. 210 °. 
Digitalin jiossosses the characteristic action on 
tho heart without- being cumulative. 

Digitonin or m.p. 225°, 

60°, forms one-half of*the mixed glucosides 
from digitalis seed, and the principal proportion 
of commercial German digitalin. To obtain it 
tho commercial product is dissolved in 85 p.o. 

; alcohol at 50°-50°, and allowed to crystailieo 
slowly ; digitonin then separateis. When pure it 
crystallises in crusts of slender necdlce, very 
sparingly soluble in water, readily soluble in 
alcohol. Tho hot aqueous solution is opalescent, 
and the glucoside does not separate on cooling, 
j The aqueous solution froths like that of saponin. 

I It giv(vs a rod coloration with concentrated 
j sulphuric acid, and, on heating witb coneontrated 
hydrochloric acid, becomes yellow, then red, 
and finally somewhat blue. It is hydrolysed on 
heating with alcoholic hydrogen chloride to 
glucose (2 mols.), galactose (2 mois.), and digi- 
I togenin or CaiHgoOg, crystoliising in 

; slender noodles, which soften at 260°. Digitonin 
I is poisonous, but does not possess the action on 
' the heart peculiar digital. It forms distal* 
line compounds with amyl alcohd and otiM 
' alcohols, and with {dienol, ud oombiiMs with i 
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moi, cholesterol in alcoholic solution to give a 
or^talline precipitate, which is no longer 
poisonous. This is a valuable test for digitonin. 
c the most active principle 

of digitalis leaves, is cumulative in its action ; it 
is the chief constituent of ‘ Nativelle’s crystal¬ 
lised^ dwitalin,’ or ‘ French digitalin.’ It is 
obtained by extracting the leaves with water, 
and then with alcohol, precipitating the alcoholic 
solution with load acetate, evaporating and 
extracting the residue with chloroform. It 
cryatallisos from chloroform in thin anhydrous 
prisms, which are not melted at 240‘"*and from 
dilute alcohol in hydrated crystals ; m.p. 14,'5“. 

It is insoluble in hot or cold water, solublo in 
alcohol, chloroform, or etlicr. 


(Linn.), and other plants, {onus priBmatic 
crystals, easily soluble in water and alcohol. It 
is hydrolysed by mineral acids and by a spooifio 
enzyme, gaulthorase, which accompanies it in 
plants. Emukin is without action. The pro¬ 
ducts of hydrolvsis are glucose and methyl 
salicylate C,H 4 ( 0 H)C! 02 CH 3 {see Bourquelot, 
Compt. rend. I89(), 122, ilK>2). 

Gentiacaulin, (aljj—occurs in OentiafM 
arauhs, and given gliuiosc and xylose on hydro¬ 
lysis ; the non-sugar constituent is not stated 
(Bridol, J. IMuirin. Chim. 1914, [vii.] 10, 329). 

Gentlln >u. m p. 274", occurring in the 

root of the gentian {Uditiana Ivtca (L.inn.]), 
crystal!i.s(!8 in yellow needles. It is hydrolysed 
■ ’ .. , 0 « 


dlaeolved'in'gladaracotio Ioid,‘a dnmof i and g.-nlionin C.,H. 

chloride added, and then coneentrat,ed sulphuvic ^ 
acid is cautiously pour(?d down so as to f()rm a 
layer under the acetic acid, a dirty brownish- 
green band appears, which alters to a broad 
intense bluish-green band at the dividing zone. 

It is hydrolysed by alcoholic hydrogen cldorido 


gentisin.. 

Gentioplcrln m.p. 120®-125% 

or anhydrous at 191", |a)i,—19b®, which is 
likewise a constituent of gentian root (Tanrot, 
{-■hem. Soc. Abstr. 1900, i. 000, 714), occurs 
also in a number of sjiecies of Gcntiana, and in 
BlacksUmia {Chlora) pcrfoliata (Huds.). It is 
hydrolysed by cmulsin to dextroso and aentio- 
genin (comp. Bourquelot and Bridol, J. Pharm. 
Ohim. 1910, ivii.] 1, 160). 

Gitalin IRO^-lOO”, was 

obtained from Viyiialis leaves by extraction 
with cold water and then with chloroform. It 
is said to be tha chief cunstituoDt of oommeroial 
digitalin, is a wliit(‘, neutral amorphous powder, 
so! luhln in 000 parts u£ water, it crystallises 
from a mixture of 2 parts alcohol and 1 part 
water witli 411.0, the hydrato melting at 
75®. 

- , ,, V - ^ ' •' When an alcoholic solution of gitalin is 

solublo in water, readily soluble in ulcoliol evaiiorated in a vacuum anhydrogiialiv, 
and benzene. It dissolves in alkalis with an m.p. 255®, is produced; this is 

intense cherry-red colour. It is hydrolysed insoluble in wat<*r and chloroform, but dissolves 
by acids to rhamnose and ernodm (trihydroxy- | in gop parts of boiling alcohol, 
methylanthraquinono) (coimi. Jichwabc, Arch. ; Hyarolysia in alcoholic HOI solution of 
Phorm. 1888, 226, 5G9; Thorpe and Miller, ankydrogitahn yields digitoxo.se and ankydro- 
Ohem. Soc, Trans. 1892, 61, 1). ^ ^ ^ 


at the ordinary temperature to digitoxigeniii I 
colourless (Tystals, m.p. 230®, and j 
2 molecules digitoxosc OgHj^Oa. a sugar having I 
the constitution; 

CH3'CH(OH)'(ni{()H)'OH(OK)-OH/CIK). 

It crystallisoB in prisins, m.p. 102®, and is 
dextro-rotatory {rf. Kiliani, Arch. Pharrn. 1913, 
251. 562-580 ; Bor. 1915, 48. 334). 

Frangulln O^iH.oOp, m.p. 228®, found in the 
bark, root hark, seeds, and fruit of the berry, 
bearing alder, Jiharnnus frarigula (Linn.), and 
also in It. cartliariica (Linn.), is a yellow silky 
glistening microcrystallino powder,' nearly in 


Fraxin gO^o, m.p. 320°, obtained from 
the bark of the ash Fmxinus ezedsior (Linn.), and 
from several Msculna and Pavia species, crystal¬ 
lises in colourless needles, sparingly soluble in 
cold water, but easily in hot water and alcohol. 
The solutions, like those of fesculin, fluoresce 
blue. It is hydrolysed by dilute sulphuric acid 
to glucose and fraxetin (.JioHgOj, the mono- 
metnyl ether of a trihydroxycoumann. It con¬ 
tains a methoxyl group more than daphnin or 
esoulin {see Rochlcdcr, Wien. Akad. Ber. 1863, 
48, 230). 

^tin C,«Hj jOj 4 , m.p. 218°, the glucosido of 
fustic {Hhus cotinvs [Linn.]), forms small needles 
of silvery lustre. Dilute sulphuric acid hydrolyses 
it to rhamnose and 2 molecules of flseUn 
which is a 3 : 3^: 4'-trihydroxyflavonol 
of the following constitution : 

II 

I , COH 
\co / 

(eee Perkin, Chem. Soc. Trans. 1897, 71, 1194). 

Ctenltberlll 0}4HigOg,lAq, decomposes at 
found in QauUheria prfcwnd)ens (Linn.), 
fttofa ^eafa (lann.), Monciropa Hyptypiiys 
Sjnresa vimaria (Linn.), 8. fHpendvia 


giialigemn C 22 H 34 () 5 , molting at 216"-219° 
(Kraft, Schweiz. Wochenach. Chem, Pharrn. 
1911, Nos. 12, 13, and 17 ; Arch. Pharrn. lOW, 
250, 118). 

Kiliani (Arch. Pharrn. 1913, 251, 662) did 
not succeed in transforming Kraft’s giUdin into 
aninjdrogilalin by absolute alcohol; the same 
writer (Arch. Pharrn. 1914, 252, k3) sepafatod 
gildUn into a number of fractions differing in 
physiological action, solubility and behaviour 
on hydrolysis by treatment with water and a 
mixture of methyl alcohol, chloroform, and 
ether. 

Kiliani is supported by the similar work of 
Rosonthaler (Chem, Zeit. 1914, ii. 328). 

Gltln, m.p. 266®, was also extracted from 
Digitalis leaves by Kraft (Arch. Pharrn. 1912, 
250, 118). It crystallises in long needles, 
insululio in watcii; it is isomeric with digiUnU^, 
but contains galactose in plaoo of glucose. 
It is physiologically inactive. 

Gltonln Ot^HgoOss, decomposes at 272^ 
[a]])—51°, is an amo^ihous glucoside found in 
Merck’s digitonin. It forms an additive com¬ 
pound with cholesterol, and on hydrolysis k 
resolved into 3 molecules galactose, I molecsde 
pentose, and giiogenin 0 |«H 4 , 04 , a orataUhm 
compound melting at 271^-272^ (Wiimus 
Scluwkenbuiger, Ber. 1913, 46, T 
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Glucocheirolin (^jHaoOuNSgKjAq, colour- 
lew neodlcH, jn.p. lalj, -21°, occurs 

in wallflower Boedn. 11 -h coiwtitution ih pro\)ftbly: 

0 Hj-so/(:h,*ch,-N( 0 -s(I 3 K)-s-c,h,i 0 j 
{.Schneider jiiid ScliiiLz, Her. liH3, 4f!, 2(i.'(4), 
it giv(!« liieirolin and glueo.se on hydrolysis 
(Schneider and Lolmiann, Ih'r. 1912, 45, 2!).54). 

Glucotropffiolln (\ 4 His()gNS;iK, the gluco- 
Bido of benzylthiocyanide, oeeurM jn Tioj.molum 
inajuH (idnn.). and Jyrpiffnnn mtivintt (hinn.). ; 
Jt )H' known only in Holution ; witli bilver nitnile | 
a precipitate jh formed at first sohihle m! 
ammonia, but sviliseipiently tlie ammonium i 


npound 


(’ 


/»S()/OAg 
■SAg -|2Nil3 
.N-CiLl’li. 


BcjiarivtoH in gbsteniug eryHials. I’lio glui'osidi' 
in liydrolyHed by niyiosin to glueosi', potossuim 
hydrogen Hnlphalc, and iH'Uzyl/.votluooyanatc 
(Oadainer, Her. 1S91), if2, 23;i()). 
officifuile (R. Hr.), and Jinrhami inairox {li. Br.), 
aro Haid to contain a. glueoHide. tjlttconuf^hn-lini, 
which differs from glucolropteolin only in yielding 
phonylulhyltwthioeyamvic (’bH dl 
on hydrolysia by inyroBin. 

Glycyphyllin() 2 ,ll 24 ()j>,:iAq. m.p. 175", oeeurs 
in the loaves of (Sni ); on 

hydrolysis ib yieldn rhainnosc and ])hloretiii 
idontical with that obtained ft'om phlondzin, 
in wJiich it is eombined with glueose (Wright and 
Rennie, (.lliem. Soe. Trans. iHSd, 49, S57). 

GossypItrInt'ajlI.oO,,. m.p. 200"-202",oeeurs 
t<»gethcr with (iiiereimi'ntnn and ysoquoreitrin in 
Egyptian cotton llowors, (/fwst/ptww hvrhaaum 
(Linn.). It coiisiHtH of ])alc ornnge-yollow needles, 
gives a dwip rod preeijiitate witli aqueous lead 
acetate, and an ohvo-greon coloration witli 
ferric clilorido (Perkin, Chem. Roe. Tvans. 1901), 
2181). It is hydrolyHod by boiling dibit* sul¬ 
phuric acid to gluooHO and gOHsypetm 
a hydroxyflavone dorivativo. Tlio glucosido 
oxistfl in the flowers oa a potassium salt (A. fJ. 
Perkin, Clicm. Soo. Trans. 1899, 75, 825 ; 1902, 
8i, 205; 1910, 95, 1855, 2181). 

Gynocardln O^HjbO^N,! Uq, m.p. 102^ 
[alp -l-72'r)°, is found in (?»/m>cardia odoTafa 
(R. Br.) and PuHf/jMm edulc (Rein.), (Power and 
Lees, t7u’7. ^05, 87, 349; Be Jong, Rec. trav. 
chim. 1909, 28, 24). It is hydrolysed by 
acids and by a Bpccific enzyme gynocardasc 
to glucose, hydrogen cyanide and a complex 
C*H 804 , which spontaneously rosinifies. 

• Helioln t'. Satiem. 

Helleborein is an amorphous glucoside, 
folp—3®, and yields on hydrolysis 1 molecule 
acetic acid, 2 molecules glucose, 2 molecules 
arabinose, and two IiellehoreUns, one of which, 
7,is an acidic lactone, theotherjCijHjBOa, 
being a neutral compound (Sieburg, Arch. 
Pharm. 1913, 251, 154). 

Hesperldtn CjoHeoOj,, m.p. 251°, [alp-80°, 
is found gencroHv in the fruit of the Aurantiacca:. 
It was discovered in unripe^oranges^ and occurs in 
most species of Citrus except C. &rumana (Murr.). 
It is a colourless, microcrystallino, tasteless, 
hj^prasoopic powder, almost insoluble in water, 
readily soluble in hot acetic acid. It is faintly 
acid, and therefore soluble in alkalis, from 
which it is precipitated by carbon dioxide. It 


is hydrolysed by acids to glucose (2 mols.), 
rhamnosc, and (2 mols.) hesperitin CjbHibOj, 
wliicli has the Hlructure 

McO (!BH3(air)-CH: (T1-(J0 ‘O-CbH3(OH)., 
and is decomposed on boiling with alkali into 
phloroglucmol and iiydroxytnethoxyejnnamic 
acid (Wiii. Her. 1887, 2(1, ! ISH; Tiemann and 
Will. Her. JKSI. 14, 94(i). 

Incarnatrin {^,ll..oB,,.3A<{, m.j). 242°, occurs 
in tlic flowers of Tiijoltuni iiicariKjluyn (Lmn.), 
t)ic so-called ‘carnation or crimson clover’ 

(Rogomoifk (Jhciii. Roc. 'J’ranH. 1910, 1004), and 
forniK faintly yellow prismatic nocdlesf. Jt is 
readily liydrolyscd by aeida and by cniulsin to 
glucose and qucreitin. 

lndican(', 4 lli;()B^'-^Aq. m.p. 100° 102°, the 
ghieosidc of woad liiiclona [J..inii.]) is 

also found in Judigojcni iinclona (Linn.) and 
other Species of hidu/ofini, in Polygoiium /inr- 
toriiiiii, (Alt ). and in Wnqhlia tincl'jria (H. Hr.). 
It IS convemcntiy oxtracLed from the leaf by 
means of acetoiK'. Jt is iiyilrolyticd by acids, 
by a hjieeilic (mzymi’, itidcm'iluni, present in the 
leaves of the indigo jihint, and more slowly bv 
the einulsin of almondK, to glucose and indoxyl. 
Jndoxyl (colouilcsa) undcrgui'M oxidation to 
mdigolin (blue) when cxjiosed to tho air 
2 (.;hH 7()N -b Oi 2IL() -!- The 

yield of indigotin ohtamed irrmi tho leaves 
i.s of groat iinpotbailee commercially; it is 
below the theoretical when hydrolysis la slow, 
owing to the groat instability of indoxyl, and in 
iiarl to the occlusion oj indoxyl by tho enzyme. 
It is nujirovcd by adding a small quantity of 
Hul]iliuric aeid to tlie mixture at the commence- 
mniit of the reaction {st'' Perkin and Bloxam, 
Cliem. Soe. Trans. 1907, 91, 715 ; 1909, 95, 703, 
824 ; also refercnccH to Indiean given by Arm¬ 
strong, Tlie Simjilo Carbohydrates and Oluco- 
sides, London, 1919). 

Iridin m.p. 208", occurs in the 

root of the violet (/nw fiorenhua [Linn.]) (De 
Laire and Tiemann, Iter. 1893, 20, 2010), and 
crystallisoB in colourless needles, very sparingly 
soluble. Jt is hydrolysed by acids to glucose 
and irigenin Cj^HijOg, which has tho constitu- 
tiou : 

_O 

0„H2(()H)(OMc),-Cir,-i>C0*0eH(0Me)(0H). 

0 

The sugar residue is attached to tho hydroxyl 
marked *, 

Jalapin (<8ca?a7/io«i?0 (-IsjHjbOi,, m.p. 131°, 
[a]j, —23°, is tho active principle of tho root 
stalks of Convolvulus orizahennis (Led.), and of 
scammony, the dried sap of Convolvulus scarv.- 
monm (Linn.). It is an amor])hous reeinoufl 
powder, translucent in thin plates; slightly 
soluble in water, readily soluble in aloobol and 
ether. Ib dissolves in concentrated sulphurio 
acid with a purple or maroon red colour, 
changing to brown and becoming Anally block. 
It is hydrolysed by acids to glucose (3 mols,) 
and jalapinoiic acid possibly hydroxy- 

hexadecylic acid; this yields mothylethylacetio 
acid, sebacic acid, and an isomeride of this acid 
on oxidation. 

Jesterln Ct«H,oO,8> m p- 205°-2l8°, ooouxb 
in tho berries ot Jtl^mnus catihartica (Linn.). 
It is hydrolysed to a hexose, a pento^ ai^ 
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emodinanthranol CjjHj 204 {Krasowsky, J. 
Rusb. Phys. Chem. Soc. 1908, 40, 1610). 

Ka$mpferin C27Haf|0,.,6Aq is found in Senna 
leaves, melts at 185°—195 , and gives kaompferol 
and glucose on hydrolysis. 

Glucosidcs of rhcin and aloe-emoilin aro also 
present in Senna leaves (Tutin, C’liem. Soc 
Trans. 1913, 103, 2000). ‘ 

Kampferitrln m.p. 201°. is found 

in Indiqofcra urrecta (Hochst.) (Perkin, (.'hem. 
Soc. Trams. 1907, 91, 43S), ami form.s almost 
colourless sparingly soluble needle.s; on liydro- 
lysis rharano.so {2 mols.) and kampforoU-jjHjoO. 
are formed—the latter has the constitution 

' II 

^^^UO-C-OH 

iro 

Kampforitrin closely resomhlc's rohiriin, which, 
according to Perkin, is also a gluco.side of 
kampfcrol. 

Linamarin iPJia.‘<col/nui/in) m.j). 

141°, [a]j, 2(>'’, found in Ph/i>i(olii.s liniafos 
(Linn.), tlio so-called Java beans, in flax, 
Livuvt (Lmn.), and in cassava. 

It is hydrolysed by an enzyme, linasc, present 
in rhtixmlus and sonui Lin'am spceics. winch is 
allied to but not nlentical with omulsjn. ami also 
by mineral acids, to glucose and ac(‘to]ieeyano- 
hydrin. ft is a tlerivalive <»f ^-glucoHe and 
not of a-glucoso, as originally supposed (comp. 
Armstrong and Horton, Proc. Hoy. Soc. 1910, 
H82, 349; Hunstan and-Henry, xhuL 1903. 72. 
286; 1900,1378,145; 1907, B79, 315; Joiifscn 
and Hail'S, Bull. Akad. Hoy. Helg, 1891,21, 629). 

Lotusin obtained from Lotas 

arabiais (Linn.)(l)un.?tanand Henry, JMiil.Trans. 
1901, 13, 194, 515), crystallises in palo yellow 
needles. It is hydrolysed by a H])eci(ic cn/yinc, 
lotasc, to glucose (2 mols.), hydrogen evanide 
and lotoflavm, an isoineridc of fiselin, which 
has the constit ution 



Apparently the hydrogen cyanide is attached to 
the sugar residue, as on alkaline hydrolysis 
heptagluconic acid is obtaimxl. 

Mellatin colourie.^s, bitter crystals, 

m.p. 222°, occurs in the Marsh Trefoil {Meny- 
anthea Irifoliata). Upon hydrolysis with emulsin, 
glucose is produced (Bridel, Coinpt. rend. 1911, 
162, 1094). 

Morindin Cj-HosO,* or 02 , 11300 , 5 , m.p. 
246°, found in Morin<hi citrifolia (Linn.), M. 
tinctoria (Roxb.), and M. nmhe.lhila (Linn.), 
orystallises in lustrous silky yellow neodiefi, 
soluble in hot water and in alcohol. It dis¬ 
solves in alkalis with an orange-red colour 
which is not changed on boiling, and in concen¬ 
trated sulphuric acid with a purjjle-bluc colora¬ 
tion. It 18 hydrolysed by acids to a sugar 
which has not yet been definitely identified, and 
mormdone, a trihydroxymothylanthraquinono, 
isomeric with emodin. On distillation with 
sine - dust, fi-methylanthraoene is formed. 
According to Perkin, morindi]^ from M. citrifolia 
and M. umbfUcUa is not the same {see Perkin and 


Hummel, Chem. Soo. Trans. 1894, 66 , 861 ; 
Tho™ and Smith, ibid. 1868, 63, 171; Oceterle 
and Tisza, Arch. Pharm. 1907, 246, 634). 

Myrtlcolorin v. Raiin. 

Narli^n.formida uncertain +4Aq,m.p. 170°, 
is found in tho flowers and other parts onW of the 
Java orange, Ciinia deeuviana (Murr.). ft forms 
colourless microscopic prisms of bitter taste, 
sparingly soluble in water, which are strongly 
leevo-rotatory. It dissolves in alkalis with a 
ycllowiHh-rod coloration and is precipitated by 
carbon dioxide. It is readily nydrolysod by 
acids to rhamnoHC and possibly also glucose and 
nanngcuin, which is the phlon^glucinol ester of 
])ara<’oumaric acid 

: Cir-GO-O-C.HjiOH)^. 

ft i.s cIo.seIy allied to liesperitin (comp. Will, 
Her. 1887. 20. 297, 1180). 

Osyritrin r. Rutin. 

Phloridzin m.p. 108° and 

again 170°, was discovered in 1835 in tho bark 
and jiartic'ularlv the root hark of tho apple, pear, 
elierrv, ami plum tree. It forms long silky 
tmcdles of bitter taste, sparingly soluble in cold, 
readily in hot water; it is Icevo-rotatory 
Mn —60°. Emulsin Ls without action, but 
acid.s hydrolyse it to glucose and phlorctin 
C\H„{()H)3*(!OCHMe(!5H4(OH) 
(Rennie, Ohem. Soc. Trans. 1887, 61, 030: 
Pisehor, Bor. 1688, 21, 088). (JlyoypKyllin is 
tlic rhamnosc cUter of jihloretin. 

Phytosterolins. Tiio ffdlowing substances, 
bolicv«‘d to be phytostcrols, were shown to be 
glm'OHidcs (f)hytoHtcr(dinH) {Vowvt and Salway, 
Trans. Chem. Soc. 1913, 103, 399) j— 

SvbstaTirr, Found in: M.P. 

I]juranol Olive bark, Ift&moca 283°-290® 

Purpurea^ &c. 

(Jitndlol (!olf>eynth, Kuonymua 285°-290° 

airopurpnreas, &c. 

Bryanul Bryony root 210°-212° 

Oluytianol Taramcam 297° 

Plcein. Gluco - p . hydroxyacctophenone, 
pynthesisisd by Mauthm r in 1912, was shown by 
him to be identical with Tanret’w picein, isolated 
from pine needles (J. pr. Chem , 1013 (ii.). 88 . 
704). 

Polygonln C 2 iH 2 oO,o. m.p. 202°, from 
Pohjyonum cuapidatum (Sieb. %nd Zucc.), 
crystallises in lustrous yellow needles. It is 
hydrolysed by aeids to glucose and emodin, 
identical with that obtained from frangulin, 
where it is combined with rhamnose (Perkin,. 
Chem. Soc. Trans. 1895, 07, 1084). 

Populin 02 uH 2 gO 3 , 2 Aq, m.p. 180°, has been 
found in the bark and leaves of Populua iremuJa 
(Linn.), P. nigra (Linn.), and P. baUami/er<t 
(Linn.), and other species of Populua. It is 
prepared synthetically from salicin by heating 
with benzoylchlvide (Schiff, Annalen, 1870, 
154, 6). It crystallises in minute needles, 
sparingly soluble in cold water, more soluble 
in hot water. It is laevo-rotatory, and die* 
solves in concentrated sulphuric acid with an 
amaranth-red coloration. Emulsin is without 
action, but acids hydrolyse it to glucose, 
saligenin, and benzoic acid. Hitrio acid oxidbea 
it to benzovl helicin (Piria, %bid. 1813, 81, 245 1 
1866, 96, 3?5). This proves the bensoyl gtoi^ 
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be in the miirnr ami not in place ol the I deposit produced from quercimoritrin. Th® eln- 

’ rvtr= 

but differs in being rondily attacked. The 
shades produced with the glucoside on ™or- 
danted wool closely resemble those yielded by 
qiicrcitrin, but are entirely distinct from th^ 
given by quoreinicritrln. The sugar is attach^ 


pyaroxyi as oiwm a — -vr; 

lysed by the enzyme of Populw nu>mhfem 
(Ait.) (Weevers, I’roo. K. Akad, Wetensch. 
Amsterdam, lilOh, 12, lil3). 

Prulaurasin ">■?■ *22 , loin 

—S2-7!>°. oeeiire in tho leaves of the, common 
cherry laurel. I'rnmiK laiirocmfmt (Linn.) (lleris- 
BCV, Oompl. rend. liiU.q, 141, !«»).. It is hydro¬ 
lysed by emiilsin and hy an enzyme pninase of 
the emiilsin type, as also by mmeral acids, to 
.-llicose, henzaldchyde, and hydrogen cyanide 
It is the glucoside of racemic, mandeloiiitnlc, and 
in view of the fact that it is readily olitaincil 


klivuil UV UUV J V _ Cl 

to either the 3', 4', or 3- positions, and not to 
the pliloroglucinol tiucIcuh. 


Quinovin (CVtOttrcvr./ vzan-a-je- B -- "Y- 
a-quinovin aceompanieft the cinchona alkaloiOfl ; 
it IS obtained from the bark of China nova, whici^ 
after extraction with water, is boiled with mift 


inv) ('aoHiaf)# or trasHegOj 


1„ wx V..1 . .^. - ^ ^lucof^i<le is precipitated on the 

from sambuiiignn or from “"’.VK' ™ ' h'" ' „f hydrochloric aciif and after purifica- 

side by tlic action of traciw of alkab (( aldweli | "J,.,,!,,.,,,,™ crystalline powSer, [a]„ 


and Courtauhl, (llicm. Soc. Trans. 11107, 'll, 071). 
it ifi not impfsKiblc that it ia present in tlie ])lant 
in one of thcHi* active forms, and undergoeH 
racomisation during <‘xtraction. 

Prunasln v. Ainy/fdotninh’ glnco^vdr. 

Prunitrin 0;.,Uod),p4A«j. found in thf bark 
of Vriinus evuv'dinnla (iMniicmore^ 

TMmrm. .1. 19!(), 85, boi), is liydrolyRod by uckK 
to glucose and [u unetin. 

Querclmcrltrin (l.,lf_,|,0|j,;iAq, nip. 247", 
obtained fromthcllowcmof (tosmjpium hnbarnm 
(Linn.), forms siniill glistening briglit yellow 
iilates, almost insolutilc iii cold and fairly readily 
sohible in lioiling water (I’erUin, (’hem. Soc. 
Trans, lilOll, iW, ^IHl). The aiUaline soluiions 
are deep yellow ; it' gives a briglit-red ]ireeiiiitate 
with aipiemis lead acetate. It is very Hl.able 
towardrt mineral acids, hut is eventually hydro¬ 
lysed to glucose and liuercotin. 'V\w gluciwidc 
ojcisU in the liowers in a readily solubh' condition 
in tho form of a iiotassium salt. Quercimeritnn 
contains the quercetin liydroxyl groups in the 


auoinon oi xyvxr.., - 5 7 i 

tion forms a colourless cTyfitallmc powder, [aJu 
4 - 59 ')'^: it is almost insoluble in water, and has 
a bitter tosste. Aleoliolie hydrogen chloride 
hvdrolv^’H it iu quinovaic acid C 24 H 38 O 1 , and a 
niothyi pentose, quinovose {v. CakuohyI)KA.TEs), 
wliich liowifver, umler those conditions, is con¬ 
verted' into the glucoside ethylquinovosido 
(quinovilolO.HuO.-OOJi,. ^-Quinovin is found 
111 tlic yiwinia species, and crystallises in plates, 
m.p. 235''. Fixl„+27'y"i it yields tho same 
nroducts on tiydrolysis (comnaro Hlosiwetz, 
Ann. 18.T.I, H’l. 1S3 i Kudiloder, Zeitocli. 
Chom. I8H7. 3,77). 

Roblnln CjiH.oO,,, the glucosido of the 
wliito azalea, JiMnui pMud-Mnaa (Linn.), 
yields, on hydrolysis, galactose, rhumnose (2 
molh,), and a yellow colouring matter robigenin 
closely related to quercetin (Schmidt, 
Arch. I’liarm. 11104, 242, 210; Perkin, Chom, 
Soc. Trans. 1002, HI, 473). 

Ruberythrinic acid (LjHjgOn. m.p. 258 , m 
the oon.stiturnt of madder root, Ruhvi hnciarum 
(Linn.), wliieli, on hydrolysis, yields alizarin. It 
crystallises in citron-yellow needles, sparingly 
soluble in sold water. It dissolves in concentrated 


3' 4', and 3- positionB intact, the Hugar rcKiduo H | acid, and in alkaliH with a bnght-red 

being iiiiiUid to one of tlie liydroxyl groups j Acids and the enzymes of madder 

marked * ' hydrolyse it to glucoso (2 mols.) and alizarin 

TT*,)/ 1 (dihydroxyanthraquinonc). Since the glucoside 

r 11 ■ is acid, tho two glucose molecules are probably 

, .(;()-i’-()ii united ns a disaccharide, and not attached to 

\/ ‘ : botli liydroxyl groups. The formula 

i C -H 0. 

Oliercltrln C.,H.„0,,.2Aq, m.p, 183"-I8,5°, or ' '\OH 

anhydrous aiO"’-252“, lain— l^b'S",found in tlic thus represents tho glucoside (Liebermann and 


CryJU'ailiacs m un^ixv ,- 

almost insoluble in cold, sparingly soluble in 
hot water, and easily soluble in alcohol. It 
shows an intense green eoloratiiin with ferric 
ohloridc. Emulsin is without action, neids 
readily hydrolyse it to rliamnose and quercitm 
(tetrahydroivllavonol). In qiicrcitrin, tlic sugar 
group is not attached to the pliloroglucinol 
residue, but to one or other of the three remaining 
hydroxyls (Hlnsiwetz and , Pfaundler Ann. 

1863 127, 362; Lmbennann and Hamburger, 
Ber.’l87l)’ 12, 1178. Ac.). 

w^uercitrin C„Hi„0,„ m.p. 217 -219 


Rubiadin glucoside 270 ,^o 

present in madder, forms yellow needles, which 
are hyiirolysod to glucose and metliyldihydroxy- 

anthraquinone(SchunckandMarchlewBki,Chem. 

Soc. Trans. 1893, 03, 969, 1137). _ _ 

Rutin C„H,„0,„3Aq, m.p. 184”, or^inaJly 
discovered in rue, Muta graveolens (Linn.); 
occurs in Fagopyrum escalentum (Moench), Cap* 
varis spinosa (Linn.), Globularia Alypum (Linii.), 
Colpoon compresaum (Berg.), Eiicaly‘Uu3 
rhyncha (F. Muell.), Ftofa trMor^ (Lii^), Te- 
phrosia purpurea (Pers,), &c.; it is identical with 


0 H nOia. m.p. , ] pnrosiapurpuTvu\x^t=.h -- 

(Perkin, Lhem. Roc. iraiw. i .nbible in cold water and 


irerKiu, ax—.. 

crystallises in pale-yollow needles almost in- 
solnbl© in oold and but sparingly in boiling water. 
With lead acetate it gives a bnght-yellow 
precipitate, very, different from the deep-red 


myrillUUlOllll. xv/axa*.. 

needles sparingly soluble in cold water ana 
alcohol, more soluble on heating. It is hydrolysed 
with some diffic^lty to glucose, rhamnoae, ^ 
quercitin (compase Schmidt, Arch. Pharm. 1904, 
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2i2. 210; 1908, 240, 214; Wundorlirh, ihid. 
1908, 240, 224, 241). 

Sakursnin CgsHnOioi^Aq, m.p. 210*^-212°, 

the glucoside of Prunva paniculata (Thunb.), the 
Japanoso cherry tree, forms colourless bitter 
needles, and yields glucose and sakuranotin 
n'-P- 100"“ on hydrolysiH. It is 
physiologically inert. Sakuranotin contains one 
methoxvl group, absorbs bromine, and yields 
phloroglucinol, acetic, and p-hydroxybenzoic 
acids when fused with potash (Asahina, Arch. 
Pharm. 1908, 240, 2r)‘»). 

Saiicln m.p. 201*^, [a]j)^0t')°, i.s tlic 

bitter stuff of willow bark, and was formerly 
used as a remedy against fever. It is found in 
many but not all Salix sj)ecie.s, and besides tlio 
bark it occurs al.so in the leaves and female 
flowers. The amount varies according to the 
time of year It occurs also in po[)lar 8 and in the 
flower bud.s of meadow-sweet, Spircei IJlmaria 
(Linn.). It crystallises m needJea, platens, or 
rhombic prisms. It dissolves in about 30 parts 
of cold water, easily in hot water. The solutions 
taste bitter and are Irovo-rotatory. It dis- 
solves in (concentrated sulfjhurie acid with an 
intense red coIorat»ion: this is the so-ealled 
‘ rutilin ’ reaction. Kmulsin ri*a(lily hydrolyses 
it to glucose and saligenin (o hydroxybenzyl 
alcohol). It is also hydrolysed iiy a specific 
enzyme sivliciiso [>n‘senf in willow leaves and 
twigs, 

Bonzoyl saliein is tho natural glucoside 
'pojudin. Mild oxidation with dilute nitric acid 
converts the primary alcohol group of salicin 
into aldehyde, forming hclicw ('jtHhO, ; c.g. 

This forms bunches of slender needles, m.p. 174°. 
Emulsin hydrolyses it to glucose and salicyl- 
aldohydo. Holiein was synthe-sised by Michael 
by the interaction of acotochloroglucose and 
potassium salieylaldehyde. 

Sallnigrin m.p. 105°, “87-3°. 

found only in Salix discolor (Muhl.) (Jowott and 
Potter, Pharm. J. Aug. 16, 1902), is the gluco- 
sido of ra-hydroxybcnzaldehyde, an iaomoridc of 
holiein. It give .8 no colour with sulphuric acid. 

SambunigrinCi4Hi,OflN,m.p. 151°,[a]D —7G°, 

is present in the loaves of tho elder, Sambucus 
nigra (Linn.). It is isomeric with amvgdonitrile 
glucoside, although, like this, it is hydrolysed 
by emulsin, the products being glucose and 
f-mandelonitrihi, i.e. the niDrilo of d-mandelic 
acid (Bourquelot and Danjou, (k>mpt. rend. 1906, 
141,59, 598). 

Saponins are a clos.s of closely 

analogous ghicosides, very widely distributed in 
plants, having tho property of dissolving in 
water, giving clear solutions which froth strongly 
on agitation, form emulsions with oils and 
rennouB substances, and prevent the deposition 
of finely divided precipitates. They nave a 
bitter acrid taste, and the dust ia very irritating 
and sternutatory; they are colloids and not 
dialysabie. The more poisonous are distin- 
ffulshed OB sapotoxins. They are hydrolysed 
by dilute acids to glucose, galactose, and active 
Bubstanoes termecl sapogenins: the different 
Baponina give different proportions of Bapogenin 
and BQgar. 

T!» Bapogenins from mjiny saponins, such 
ap (ihmiacimt Saponariat Sen^n, and DigiUmin 


saponins, have been distilled with xinc dust in 
an atmosphere of hydrogen, and found to yield 
a mixture of terpenes including sesquiterpenes 
i (van der Haar, Arch. Pharm. 1913, 261, 21?). 

Saponins are prepared by extraction with 
water and precipitation with neutral lead 
! acetate, if acid sapuninci are ])rcscnt: basic lead 
j acetate is tlion addiMl to the filtrate to preoipi* 

I tate the neutral saponins. Tho preoipitatofl are 
I decomposed and the saponin solutions evapo* 

1 rated, tho rtwiduc being purified by solution in 
chloroform and precipitation by ether. For 
further purification, the saponin, is precipitated 
by barium hydroxide, and tno barium compound 
decomposed by carbon dioxide. 

Saponins form double compounds with 
cliolcHtcrol (?’. Jyigiionm). Tho best-known 
saponins are; 

Qtiillaic acid f'nHaoOio, the acid glucoside 
obtained from tho bark of Qaillaja Saponaria 
(Molina), ia a constituent of commercial saponin. 
The pure glucoside is non-poisonous : it forms 
white flakcH, whudi iM^ooino red on treatment 
with strong sul^ihiiric acid. 

Qtiillaia mpotoxin Ci 7 n 2 *Oift, derived from 
the same source, is a colourless amorphous 
powdth’ possc.«sing poisonou-s properties, 

Saporubrin (Cis*^^ 28 ^^o)«' aapotoxin from 
the root of tho soajiwort, Saponaria officinalis 
(Linn.), lias [ajp —54°. It yields a 8Gri(}8 of 
sapogenins on hydrolysis, each giving up a 
further molecule of sugar as the treatment with 
dilute acid is continued. Tho final product has 
tho formula 

Levant sajHjtoxin (Ci,H 2 *Oio,H 20 )u from the 
root of Gypsophila Arrodii (Guss.) or 0. panicu- 
lata (Linn.), is very similar to saporubrin. On 
hydrolysis, 4 mols, sugar (56 p.c.), probably a 
mixtur(( of glucose and galactose, and a aapogenin 
OioHi^O^ (23 p.c.), are formed. 

Agrostemrna sapoioxin ((’ijH 2 aOio)j, from the 
corncockle, LychnistAgro3lemnu2)Oitk^o (Scop.), 
is a yellowish-white amorjihoua powder yielding 
4 mols. sugar and a sapogenin 
hydrolysis. It is absorbed by both the su^u* 
taneous tissue and the intestines, and is there¬ 
fore a dangerous poison. * 

Parillin 0 .^, 1144010 , one of the saponin 
glucosides of sarsaparilla, the dried root of 
various smilax spocies, has m.p. 177°, [o]d —42°. 
It is hydrolysed to a mixture of ^0 sugars and 
parigenin 02 ftH 4804 . The other glucosidee of 
sarsaparilla are smilasaponin ( 02 oH 8 gOio )5 and 
aarasaponin ( 022 ^ 30 ^^x 0 ) 12 ’ ™‘P' 223°. 

Sarsaparilla saponin, from Smilax omaia 
(Hooker), contains a phytoaterolin, ctystoUine 
needles, m.p. 280°, C 58 H 54 O*, and hydrolysii^ 
to glucose and sitosterol ; and sarsasaponin 
C 44 H 740 jo, 7 Aq, crystals, m.p. 248°. The latter 
yields on hydrolj'sis 3 mols. of glucose and 1 mol. • 
of sarsasapogejnin <' 2 fH*iO,(OH),liAq, m.p. 

183°,XalD-G0®- 

Tho sniUacir^ot smilaaaponin of v. Schulz is 
not a homogeneous substance (Poww apd 
Solway, Chem. Soc. Trans. 1914, 105, 201). 

Caulophyllosaponin C 4 fHio 40 x 7 » m.p. 260°- 
260°, [alp+32°, is a crystalline saponin found in 
Caulophyllwm thalictroides (I>inn.), which yirids 

2 muls. 1 -arabinose and 1 mol. oauitiophyllompo^ 
gtnin C 5 «Hr, 08 ( 0 H), (Power and Samy, 
Chem. Soc. Trans. 1913, 103, 191). 
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Cavlosa'ptmin CjiHggOj,, m.p. 260‘’-266°, is 
a crystalline saponin found in Caulo’phyllwm 
ikalktroides, and gives 2 mols. glucose and 1 mol. 
Cavlosapogenin upon hydrolysis 

(Power and Saiwav, (Micm. Soc. Trans. 1913, 
103,191). 

J)igilom}H>niii is a colourless amorphous 
substance present with gitalin in Digiiali.s 
loaTOfi, which gives digtlompognnn and a jienlose 
on hydrolysis (Kraft, Arch. l‘!mrm. 1912, 2rA}, 
118). H is ajtparcntly uleiitieal with S<'hnHe(le- 
burg's digitonin. 

Hederins. Th(^ following saponins luive been 
isolated from ivy (lle/lna /irhx) :— 

a-Uedarin {'!), crystalline needles, 

m.p. 25(>°-257‘’, insolulile in wa((*r, ami giving 
on hydrolysis arahinose, rhamnose, and a- 
hederogenin 1a diliy<li()\ylaelone 
melting at 32.'>'’- 329' ; 

a crystalline saponin instihible in 

water ; 

y-Hf’derin, an ainnrjihous saponin insidiihle 
in water: and 

A-UrdcriiiJi, a mixture of saponins soluble in 
water (van der Ifaar, Iboehem. Zeitseli. l!)I(h 
7(5,335). 

Polifwiamponnifi, from PohiHi'iufi ■nudoHa. 
are wliite amorphous j>rodueis, carbonising at 
about 325"'. 

On liydroly'sis with 5 p.c. siiljihurie acid, 
equimolocular amounts of anibinose, glucose, 
and a aajwgcnvi ])roduced; the 

latter forms rhombic, (cryst als, m p. 324‘, and 
is u saturated hioton<‘, but contains no <-arl)oxyl, 
hydroxyl, methoxyl, or othoxyl groujis (van der 
Hoar, liiochom. Zeitseh. 19115. 7(1, 335). 

Pro^apogniiii, fnim (hjpuophila sajionin and 
dilute aulphiirie. aeid. nudis at 297", and with 
2 p.c. sulphuric acid under pre.ssiire gives a 
aapoge.niti OaiHajOn, in.p, 2(17“, a ninnobiwsie 
kotonic acid (liosenthalor and Ntrorn, Arch. 
Pharm. 1912, 250, 290). 

Sapomrin from Sapmtaiia o£u'inaUs. Tho 
aqueous solution of tho crystalline saponin 
is not coloured by iodine, but tlio colloidal 
aqueous solution gives a blue aelsorptitui 
compound with this reagent (Parger and Field, 
Chem. Soe. Trans. 1012, 101, 1394). 

Saponin from Sapimhis MakiiroHi, an amor¬ 
phous white powder, [alp+13°, hydrolysinc to 
d-arabiqoBO and a crystalline m.p. 

810® (Asahina and Shimicb:ii, J. Pharm. Chim, 
1010, [vii.l 14, 188). 

Saponin from Slyraz japonica, a crwtalline. 
calcium salt, m.p. 254°-257°. Treatment with 
0*5 p.c. hydrochloric acid gives the free saponin, 
jego9aponin m.p. 238°, [alj)—39°. 

This hydrolyses to gluooso, glycuronie and tiglic 
acids, and a mixture of mpof/emna (a- 033 H 520 «. 
m.p. 160°, and S- CjjHjoO,, m.p. 22r)°-228°) 
(AoaJuna and Momoya, Arch. Pharm. 1914. 
S 62 , 66 ). 

fifaponm from Tiw-ca angnsiffolia (root-stock) 
P«H„0 io» gi’fes galactose ou hydrolysis (Vie- 
hoerer, Chemoff, and Johns, J*. Biol. Chem. 

1016, 24). 

^ponin from Yucca radiosa (root-stem) 
^iT^si^ro* .^i^^ glucose or mannose on hydro¬ 
lysis (Johns, Geiger, and Viehoovor, J. Biol. 
Qhvm, 1916, 24). 

SeopoUs G,|H||Oj|,2Aq, m.p. 218°, occurs in 
Scopolia japonica (Maxim.) and S. carniolica 


(Jacq.). It is hydrolysed to glucose (2 mole.) 
and scopoletin, which is identical with cescuHn 
methyl other (Eykman, Rec. trav. chim. 1884, 
3, 177). 

Serotin C.,H;.oOi:,3Aq, m.p. 245®, found in 
the leaves of serotina (Ehrh.), commonly 

known its the wild black cherry, crystallises in 
golden yellow leaflets. It is more soluble in 
water and move readily hydrolysed than querci- 
meritrin. Acids convert it into glucose and 
quercitin (I’ower and Moore, Chem. Soc. Trans. 
1910, 97. 1099). 

SinaIbii^(’3oH4;;Oi6N2S2,5A<i, m.p. 138°~140°, 
found in white mustard Sinapis alba (Linn,), 
crysLallisea in faintly yellow-coloured needles 
winch are .slightly Holublo in cold, easily soluble in 
hot wui.er, and ]a)Vo-rotat.<)ry. It is hydrolysed 
by the niyrosin present in the so^ds to glucose, 
sinalbin mustard od (+H,(>*N('S, and acid 
sinajiin sul]iha(.e Siiiapin 

^'idy known in the form of its 
salts, lianum liydroxidii converts it into choline 
(bH 4 (()H)N(OH)Mo, and .siiiapinic acid 
(!Bir,(()ir)(OMe)/:H ; tUf-tk),H. 

'I’he ah'ohol eorrc-sponding to this aeid is syrin- 
genin obtaimal from the gluisisido synngin. 
Smapin is accordingly 
OH 

AIco/No.Mo 

WI: OK-CO-O'OjH.'NMoj-mi, 
Simdbin mustard oil lias the composition 

(l8K4(()H)-OH+N:CW. 

Sinigrln (!mHjB() 9 NSJv.Aq, m.p, 120®, is the 
aetivi^ princijile ot black mustard, liramca nigra 
(Koeli). It crystallise.s in lustrous colourlofifi 
needles, very soluble in water, sparingly Rohiblo 
in cold alcohol. It is laevo-rotatory. Myrosin or 
a water extract of the seeds liydrolyscs it to 
glucose, allylfi^olhioeyanate. ami potaflsium hydro¬ 
gen sulphate. Eniulsin is without action. As 
hydrolysis by myrosin proceeds, the increasing 
quantity of acid potassium sulphate formoQ 
renders tho ferment less active and ultimately 
Btojis its action, (ladamer has proposed the 
formula, ObH^N : C(S(J,TIii()6)0(S02K). This 
is supported by S<*hneider and Wredt? (Her. 1914, 
47, 2225), who found that the silver salt of 
thioglueose was jiroduccd by treatment of 
flinigrin with" potassium methoxido followed by 
the action of ammoniacal silver nitrate. 

Skimmin OuHieOg, m.p. 210°, occurs in 
Skimmia japonica (Thunb.). It crystallUes in 
colourless needles, sparingly soluble in water, and 
dissolves in alkalis with a blue fluorescence. 
Acids hydrolyse it to glucose (?) and skimmetin 
(GgHaOj), m.p. 223°, which is perhaps identical 
with umbellifcrone (monohydroxycoumarin) 
(Eykihan, Rec. trav. chim. 1884, 3, 208). 

Solacein, a nitrogenous glucosido occurring 
in Dulcamaraspecies, nup. 236®-237°,hydrolyses 
to solanidine and a sugar (G. Massop, ^ull. 8oi. 
Pharm. 1912,19, 283). 

Solanine (Cj,H«BO,N) 2 ,HaO, found in Sola- 
num sodomceum, yields on hydrolysis galootwe, 
a methylpcntose, and the base solanidine 
tho constitution of which has not 
b^n determined, except that it is known to 
contain hydroxyl aAd iimno groups. 
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&veral different glucosides appear to have I 
received the same name (Oddo and Coaaris, | 
Gazz. chim. ital. 1911, 41, 490, 634; 1914, 44, 1 
[ii.] 181), e.y. Solanim, occurring in Solanum^ 
(in^Uetifolium, isolated by I’utin and (dcwor 
(Trans. Chem. Soc. 1914, 105, 659); and Sola. 
nine-» G 54 H,j()jrN 2 .H 2 (). occurring in Solanim 
9od(nn(Bum,vr\i\Qii ia hydrolysed to I niol. glucose, 

1 mol, d-aldoinethylpentoso, 1 mol. (/•gulivoloBc, 
and 2 mole, of aolanidmc -8 CigHajON, a bjiao 
containing hydroxyl and iinino groups (Oddo 
and Cesaris, Gazz. chim. ital. 1914, 44, [ii.] 181). 

Strophanthin C 4 oH„G,b, m.p. J70^"il72^ i.s: 
obtained from the seeds of Stro'jihanthus Koinhv 
(Oliver) and other species. Lt occurs as a pale- | 
yellow amorphous or a colourless inicrocrvstmlino ! 
powder, having an lutonsely bitter taste and a ! 
faintly acid reaction. It is freely soluble in ' 
water and very poisonou.s. With coiK^cntratcd | 
sulphuric acid it is coloured gro<iU or orange, ‘ 
then red, and. on warming, dark-brown and 
finally green. Aeids hydr(»lys(^ it, to strojjliHnti- 
dine 027113407 , and methyl Rtrojjhaiitnhioside 
OisHg^Oiot which IS in turn broken dow'n to 
rhamnoso, mannose, and motliyl alcohol. Stro- 
phantin is similar to digitalis lu its action on the 
heart. 

Syringin (ii 7 hfo 4 ()s,lAq, m.p. 191 [ajj, -17®. 
is found in th(! synnga, Stfringa cuhj<i)i» (Jiinn.), 
and also in the bark of lilac and privet. 
It crystalliscH in slender needles, gives a 
roddisn-violet coloration with sulphuiic acid, 
and is readily soluble in warm water. It 
is hydrolysed by enmlsin aiul by acids to 
glucose and syi-ingenm, i.v. clinudhoxyconi- 


feryl alcohol 



[tii’c K-brner, 


CHiOH-Oir.-OH 
Gazz. ohim. ital. 1888, 18, 209). 

Trtfolln m.j). 200". found 

in the fiowors of tho eomnuin red clover, Trtjo- 
liam praiense (Linn.), forms slender pale-ycdlow 
needles. It gives intense yellow solutions with 
alkalis, gives a yellow solution wbu^h develops 
a green fluores(;cnce in concentraU'd sulphuric 
acid. It is hydrolysed by acids to rhamnosc 
and trifolitin CnIImG*, a yellow colouring 
matter (Power and Salway, Chem. Soc. Trans. 
1910,97,231). 

Turpethin C 34 H 44 ()ij, m.p. 149®,* from the 
dried sap or root of Ijxjmma Turpeihum, (H. Br.), 
is very similar to jalapin, but differs in being 
insoluble in ether. It la an amorphous powder. 
Acids hydrolyse it to glucose (3 mols.), turpothol 
CigHsoOg, tV>butyric acid, and a viscid acid, 
CjiHajOg {sec Spirgatis, Annalen, 186rt. 139, 41 ; 
and Kromer, (mem. Soe. Abatr. 1893, i. 482). 
Votobek and Kastner fChcm, Soc. Abstr, ]fK)7, 
i, 330) have isolated two other glueosides, a- and , 
)3-tuimethein from I. turptlhum. The a-iso- 
meri^ gives rhamnose, the )5-i8omeridc rliodooee, ' 
and glucose when hydrolysed. 

Wfllftnln CijHjjOioN, m.p. 100 ®, [a]jj“ 20 ®, 
ocenrs in the seeds of Vicia angustifolia (Ber¬ 
trand and Weisweiler, Compt. rend. 1908, 147, 
2ff2; ^910, 161, 325, 884). It is hydrolysed 
i >7 an enzyme present in many Vicia species 
to d-mani^lonitrile and a disaocharide 
(VioiaiiOBe), which is composed of glucose and 
' VOL.IIL—T. 


arabinose. Vicianin therefore represents an 
amygdalin in which arabinose is suratitutod for 
glucose. 

Violaqueroitrin t*. Rutin. 

Xanthorhamnln is found in tho 

fruits of Rfuimnu't infretoria (Linn.), Rh. titKt<»-ia 
(W'^ald. and Kit.), and in various parts of other 
species of Rhamnus. It crystalliBes from alcoh^ 
m golden-yellow microscopic needlea, is readily 
soluble in water and dissolves in alkalis witn 
a yellow coloration. It is hydrolysed by an 
enzyme Tluimnimse. to a trisaccliaridc (rham- 
nin(xse) and rhamnetin Cj 8 HiX) 7 . Rhanminose 
is further hydroly.sed by acids to rhamnosc (2 
mols.) and galactose, llliamtudui is quercitin 
monometliyl (‘tlior 


HO 




/ 
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(X)-0(011) 


(sc« Tanrct, ('.omiit. rend. 1899, 129, 725). 

E. F. A. 

GLUCURONIC ACID V Oakhohydrateh. 
GLUE AND GLUE TESTING. Tho term 
glue comprises projiarations obtained by the 
action of water from ceiiaiu jiortiona of animals 
and fishes, which have the power of gelatinising 
in a«ju(!ouN solution and flrying up to a hard 
strongly adhesive layer. 

Other preparations which posaeaa this ad¬ 
hesive property are also loosely termed glues ; 
v.g. marine glue, a resinous composition ; gluten 
and casein glues, mineral and vegotablo glues, 
&e., but, strictly speaking, they have no claim 
to that name, as they contain no gelatin. 

The term gtiatin is applied to glues made 
from specially selected stock, and so gelatin 
may be considered a purer form of glue. 

(Buc or gelatin is probably not contained 
as such in the animal, but is the product of tlie 
hydrolysis of various nitrogenous tissues, 
brought about by boiling with wator. 

These tissues have been clafl.sod as follows :— 

(1) OffSciUf of bones and skin, Chondrigen, of 
cartilage ; leinglass, from the bladders of fish ; 
these are classed under the general name o| 
Collagens. 

(2) Elastin, from certain ligaments. 

(3) Chitin, from beetles, locu-Hts, shrimps, 
crabs, &,e. it can be converted into a gelatinous 
form by treatment with acids, but is of no 
utility. 

(4) Keratin, from hair, liorns, hoofs, and 
feathers. These yield products which have 
little power of gelatinising, and arc not used in 
the glue manufacture. 

For convenience the products.obtained from 
colleens by the action of water may be classed 
into Glutin and (Uiondrin, the properties of 
which will be described later. 

Manufacture. —(a) Bone glue. For this pur¬ 
pose, b^nes of all kinds arc used, and vary, 
therefore, so muen in composition that it is 
useless to give any detailed analysis. In 
addition to calcium phosphate and carbonate, 

; the main ingredients of tne ash, they contain 
fat and gelatin-forming substances, ossein and 
chondrin. Before the gelatin can be obtained* 
it is necessary to remove the fat of whiph freah 
bones such as ribs, heads, shoulder bla<te* 

: contain from 12 to 13p.c.,whilelargetlugli bones 
' may contain 17 to 18 p.c. Marine store bones. 
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Huoh OA Imve boon used for aoup, Indian and 
Koutli Aniorioan bones rarely contain more than 
12 p.c. of fat. 

Then* ai<' in use tliroo rhiof methods of 
extract tlio fat:—• 

(J) Hv simply lieatin^ the bones in a tank 
provKh'd'with a steam coil; (2) by h<*ating with 
HU'am in a dioesLor unden' pressure ; (!!) extrac¬ 
tion of tin' fat by vohitile solvents. 

Bv the fii'st. oi tlie.se jiroeessrs, the yield is only 
about. lOp.e., by llie Heeond up to 12 ji c., whilst 
by the third almost- all the fat can be obtained. 

Tlie solvent- extraction ])roeesH is the one 
now used in most modern factories. 'I’lic 
Htthimts are nui-inlv lli()se portions of Scoteli 
shale naplitha or American or Itussian jietrolmim 
boiline irom itt' to 105’, and eo.il-tar naphl-ba 
of siinihir boiliiie - jioint. In this country, 
Seoteb shale naphtha, boilin;^ between 100“ and 
115", is UHiiallv criifiloyed. A modern extraeting 
)!ant consists of. say, t! cylindrical vertical 
Hillers of a capacity ol 5 tons of bones, worked 
insets of t.liree. one lot extracting while the other 
set is heing ('-iiii»tied. As the boims are delivered 
at the w’orlts. they ar<' sorted and then erushed 
in a mill and fiihsi into the extriu-tors, which are 
])rovide(i wiLli jierforated falsi* liottonis, under 
which are jilaeed wet and dry st-eani coils. At 
the top of eacli is a pijie for conveying off the 
vapour of tlie solvent to a set of coiulenserw 
usually placeil outside the Iniilding. VVlion tlie 
oxtraetors liave lieeti tilled and the manholes 
closed, the solvi'iit is run in and heat applied 
by tlie dry coils until the solvent beginw 
to distil over, carrying with it the moisture 
jiresent in tlie bones. Wlien it liogins to jiiiss 
over frce'from moisture, the dry coils are sliut 
oil, and the first- cliarge of the oxtraoted fat run 
off from b(‘low the bones into the monl-jiiA or 
‘distiller.’ This ojioration is rojieatod three or 
four times, when t-he bones are free from 
fat, but retain a considerable amount of the 
solvent, which is blown over by high-prossure 
sUiarn from the wet coils into the con- 
ilen.ser. The whole operation takos about 12 
knurs, Tlie bones are then raked out through 
the lower manhole and conveyetl to the cleanser. 
When dry, tliey sliould be free from sini'll, and 
contain not more than } p e. of fat.. The fat 
held in solution in the solvent is then heated in 
the distiller to expel the solvent which is con 
donsed and used again. Tlic fat is fn'cd from 
dirt by lieafing with liot water and settling, 
and is then run into barrels. It contains about 
98 p.c. of pure fat and is used in soap, candle, 
glycerol, ami in the cose of freak nonea for 
margarine making. 

The cleansing of the bones is done by passing 
them through a rotating cylindrical wire gauze 
sifter, and they are then ready for the boiling 
operation. 

The extraction or ‘ cooking ’ is carried out in 
one of two ways : (1) By tno alternate action 
of steam and water playing on the bones 
contained in a largo iron l>oiler of from 3 to 6 
tons capacity. As this method yields weak 
glue solutions, costly to concentrate, modem 
manufacturers prefer the second plan (2) i.f. to 
‘cookMn autoclavee under, say, 15 lbs. steam 
resBure, reduced later to 4 to 6 lbs., this being 
one to allow the glue contained in the interior 
of the bones to esude, so that it may be washed 


down by the spray of water. This action is 
repoatecl until the solution contains about 20 p.c. 
of glue. 

The glue liquors arc then clarified by standing 
in taiik.s, kejit warm by steam coils, when the 
dirt settloH, and any grease rising is skimmed 
off. To asHiHt in tiie clariHeation, many sub- 
stanci's have- lieen Rugg(\sted, such as blood, 
ba.Hie lead ii(;ctate, milk of lime, sodium phos- 
jihate, oxalic acid, albumen, but they are rarely 
uHcd. as \ p.c of jiot.asli alum fulfils tho purpose 
Ix^tlx'r than anv of them. After adding the 
diHHolvcw alum, the whole ma.ss is agitated and 
heated lo HO'*, and tlien strained through line 
wire gauze or canvas. 

Tlie glue solution, thus clarified, is then 
introduced into thi^ concentrators, where excess 
of watiT IS removed uinler reduced pros,sure, so 
as to avoid injury to the glue by heating to too 
higli a temperature 

TIk' jiniieiple of llicse concentrators is that 
of t he vacuum pan, and the Yaryan typi^ is one 
of the most modern torrns. 

This consists of an iron vessel, globular or 
cylindrical in shape, steam jacketed and pro¬ 
vided intenmlly with steam coils immersed in 
the glue solution. The dome, which is provided 
with baffle plal.es, is connected with a vacuum 
jiump and condenser. In order to save fuel, 
tlio Hteam from tlio glui‘ of one pan is led on 
tlie. multijilo-cffect jiiinciplc, into the coils and 
jacket of another, and so on to a tliirJ. (V. 
Evaporation.) 

After (•(mcentration, tlic glue liquors, before 
settling, arc usually bleaeiied by tlic action of 
suljihur dioxide, proilueed in any suitable way, 
which IS led through the liquors by perforated 
})i])es -while iiioy aic contained in Icad-linod 
tanks and kimt liquid by steam coils. When 
tlie required shado lias been reached, the liquors 
are ready for jollying, and are run out into 
galvanised iron troughs, 2 feet x 0 inches, to tho 
depth of 5 inelioR, and allowed to cool. When 
s«‘t, the moss is removed and cut by a ‘ wire 
knife ’ into sheets of suitable thickness. Or the 
troughs may be dispensed with and the liquid 
jellii'd on water-cooled ghvss slabs placed in 
rows on tables. 

The drying operation, which follows, is one 
of the most important parts of the manufacture 
of glue. Rin(?e the jelly molts at a temperature 
of about 25’ in siiinmer, the air entering the 
drying rooms must be cooled, while in winter 
it is usually so charged with moisture that, 
in order to effect any desiccation of the jelly 
it must be warmed. These operations are 
carried out by suitable refrigerators and steam 
pipes. 

The cakes of glue arc placed on frames 
covered with nets, which may bo of cotton or 
wire. These are supported on suitable trolUee 
and placed in chamTOrs through which air, of 
tho proper temperature and humidity, as indi¬ 
cated by wet-and-dnr bulb thermometers, is 
circulated by fans. In 4 or 5 days, the cakee 
are removed from the racks and packed; they 
then contain 10 to 13 p.c, of water. 

Osselne U a French preparation obtained by 
treating the fat-freod bones with dilute mineru 
acids, when the phosphates and other soluble 
salts are removed. 

The residue eonsists of the glue-foRning 
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ingredients of the bones^ and may bo made into 
^lue by treatment with water under licat, but 
in the writer’s experience, the change is very 
slow, and the preparation, although useful to the 
manufacturer of glue, is not to be recommended 
to the ordinary consumer of size. 

Hid6 or Skin gluo. While Ihe rpiflcrtfLis of 
the hide yields little or no glue, the corinm, or ! 
inner skin, corLsiHlmg nuiinly of connective i 
tissue, gives a good jieiccntagi! on treatment with 
hot water. 

The raw nuiLerialH for skin glue are the 
various clipjimgs of Judes, the cars ajd tails of 
oxen and sliei'p, ralihit and liarc skins, old 
parchment, old gloves, ])ig^s’ skins, and all waste 
leather whicli lias not Is'cn tanned. 

Tlie lirs(. process in tlie manufacture of glue 
from these is to subject them to tlie aetion of 
milk of linu' in shallow pans or pits for several 
days, tiiu skins bi'ing constantly stirrc'd witii j 
forks. I 

Tlioso o])erations loosen the hair. From the ' 
pits, the skins are taken to t he unhairing room, ' 
whore tho still adhering liair is senijied off hy a 
blunt knife, and any hesliy jairts, &c., rmnovVd. 
The hair tlms olitamed finds iiso in plastering : 
work and felt making, &e. ' , 

Tanned leather cannot ho used, hut tannery ! 
waste trininiings. after tlie liming or depilatory i 
process, form the raw material for good glue. [ 
In modern ]iraeLic<', besides milk of lime, j 
other Bulislances. sueii as scKlium sulphidi', soda, i 
and a mixture of soda and lime are used. The ! 
first iH said to he good, but in proHonci! of iron ' 
causw blackening of tlie liidefl. 

After liming, the skins, when firm and free 
from greasy feel, ai‘e washed, first with water, 
then with dilute liydrochlorie lund, and finally 
again with water. 'Die excess of water is 
removed from the wot stock by drying and 
pressing. 

The dried material is Mien heated, enclosed i 
in sacks in a boiler witli water until the liquoi's j 
contain about 32 ji.c. of glue. Tt may then be ^ 
run in a Yaryan concentrator, or direct into j 
coolers, or on to glass slabs for jellying and j 
cutting and dri<‘(l as before. j 

Fish glue. Tlie raw niatrcrialH for this are , 
chiefly tho skins ((tspeeially liiosc of soles and [ 
plaice), tho Idadders of various fish and all ! 
varieties of fish ofTal. These yield, by processes | 
similar to tho above, a very adhesive but evil- j 
smelling glue, which it is said may bo dco- j 
dortsed by treatment with 1 p.c. of sodium j 
phosphate and 0*25 p.c. of Haccharine (Lambert). 

Isinglass is a valuable product obtained 
from the swimming bladders of various fish, of 
which the sturgeon of tho Volga yields the best 
quality, but Brazilian, Penang, Indian, and 
Hudson's Bay isinglass arc also on tho market. 
It arrives in this country cither as the unopened 
bladders, known as pipe i«inglflSB, or as puree, ' 
lump, or leaf, In preparing the last two, the 
bladders are cleansed by washing with hot water, ; 
and then cut open and dried. 

Before solution in water, the crude isinglass : 
is moistened, cut into strips, rolled out into 
ribbons and dried. When they are shredded i 
by suitable machines. Isinglass is mainly used | 
in clarifying wines, ciders, and beers, by the | 
cook for maUng jellies, and in4he preparation of | 
plasten. | 


Glue size may bo nonsiden'd as a by-product, 
since it usually consists of the crude glue liquors 
which are tho product of the third or fourth 
extraction of tho raw material, which, if dried, 
would yield a glue of inferior quality. In small 
works and in some facttirioH, w'here size is used, 
it is often made direct from bones or such leather 
waste as ‘ pic'kore ’ by treatment with lime, 
heating and straining. 

iSizo is usually treated with sulphur dioxide 
to improve its i^olour and its keeping power. 
Zine Kuijihafe or boracic acid is often added 
OH a jiroscrvative, and wlu'ji sold it usually 
contains about from 2b to 3.S p.c. of glue. 

Concentrated size consists of ground gluo, such 
cak<‘s as ai‘i‘ oti sfiade and i|ualiLy being uHed. 

Coloured or Opaque glues are imulo by the 
addition of a small (piantity of some pigment 
such as finely ground chalk or whitening. 

('iiKUrt-rKY AND PnopKimi^s of Oluk. 

Tlie prodnetH yielded by tlie hydrolysis of 
eollagens may b(‘ divided into tlir(‘o group.s : 

fl) Glutin (gelatin). 'I'his is a colourless, 
yellowisli, tfanH])arent, odourlesH. and tasteless 
body. It lijis till' following composition :— 
flELAlJNS FKOM CoNNFCTIVi: TlHSUK. 


('arbon . 

(Ohittemhm, ]!K)8.) 

1 

2 

. no i2 

OO’OO 

Hydrogen 

. . . 0*(JS 

fi'52 

Nitrogi'ii 

. . . 17-K4 

17’88 

Siiljihur 

. 0*32 


Oxygen . 

. . . 25-10 

25'30 

Ash 

. 0*32 

0-3« 


The quantity of snlplmr varies considerably, 
and upiieaix to be largely a constituent of the osL, 
wliieli, in commcreial glue, is often as high as 
I Vb p.c. Hy jireeiiiilation with alcohol from 
aqueous solution, gf‘latm may be obtained 
almost asJi- and Kulpliur-free. when immereed 
in water, glutin, while iiymlublo in tho cold, 
swells up and greatly increases (5 or 0 times) in 
weight. It dissolves in hot water, and the 
solution, on cooling, sets to a jelly. Prolonged 
heating with water Uvsscns its gelatinising powAr. 
Solutions of glutin on exposure to air rapidly 
putrefy, evolving, among other products, am¬ 
monia. It i.s insolubie in ether and alcohol, but 
soluble in glacial acetic acid (sucli solutions 
being made use of in tho familiar ‘ Diamond 
cement ’ and ‘ iSeccoline ’). Solutions of glutin 
are not precipitated by gold, silver, or copper 
salts, but the two former are reduced to the 
metallic state on heating. Platinum salts give 
brown precipitates end form a delicate test for 
glutin. The various tannic acids precipitate 
glutin, with the production of Icatlicr-liko sub¬ 
stances, This precipitate is insoluble in organic 
solvents, such os ether and alcohol, but soluble 
in warm alkalis. Iron, aluminium, potassium, 
and lead salts caiAc no precipitate, but mercuric 
chloride renders its solution turbid. Chromium 
salts, especially potassium dichromate and 
chrome alum, have the power of rendering 

f ;elatiu insoluble in water after exposure to 
ight, which property is mode use of in photo¬ 
graphy and other industries. 

Dry distillation of glutin yields water tmd a 
dark thick oil, similar to Dippel’s oil, containing 
pyridene bases, aniline, Ao. Formaldehyde, 
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vhon added to a Hohition, solidifies it and : 
renders it no loni^co' solublo even in hot water, j 
8 p.c. of fornialdehyili-. on the dry glue gives j 
maximum (dh'ct. n'liis property has boon ' 
utilisiid in wa1<Tj)rooling and in the production i 
of Vandura 

(2) Chondrin. Tins horny substance, very • 
similar to glutm, is contained m most glues, hut 
dilTers in lieing pna ipitatcd from its solutions 
by nearly all acids, Ihouyh usually soluble in 
('X(;o8H. Many salts, such as alum, lead acetate, 
and iron salts, also preeijtitati! it. Its eomjiosi- 
tion is given as . 

(larlioTi ..... 

Hydrogen .... t)'7*> 

Nilrogin .... loMif) 

Oxygen.27'd7 

Its gelatinising and adliesivc* jioweis are 
weaken' than those ol glut in. 

(2) Mucin. 'J'liis n.inie covers a nunilKT of 
bodies wliieli ai'<‘ iisualiv I'cnioved in the liimng 
operation. If left, in t he glue, they giv(! rise to 
‘foaming,’ and ba\(' little or no adhesive 
projK’i'ty. 

(Jmch of (/hif - A great viuiety of industries 
employ glue lu some form or other. U is (un- 
jiloyed in sizing ti'xtiles, |m.pers, walls, eanvas, 
A'.c. It i.s also largely (‘ni})loy(Ml in joinei's’ 
work, veneering, box nmking, the making of 
mabclieH. 4ie. 

Mixed with glyeeiin. Ireaele, or glucose, it 
forms the coiiipositions used as substitutes for 
rubber and for printing rollers, stani))s. iVc. 
Mixed with treacle or glycerin, it is einjiloyed 
in milking the iuniiliar ‘ jellygrii])li.’ 

It is also used in ]diotogra])liy. and as gelatin 
it forms jiart of the raw iimterials of cookery. 

(ii.vK Ti;stino. 

The testing of glue lias relation to llio , 
properties reijuired for the jiartieular purpose 
to whieli the glue is to be put. General re* 
(juiremonts nre tenacity, adhesiveness, and 
keeping jiower. 

' Chemical tests. (1) jVocs/arr (Irifrmlnoh'on. 
—The sampk' of glue, is reduced to shavings by 
means of a ‘ spoke-shave.’ and these are ground 
to powder in a mortar Fn’c grams are weighed 
out on to a elock-gliv^s and dried, first in the 
wator-oven and then in a toluene batli to eon.slant 
weight, (tines m this way yield 12 to IK p.e. 
of moisture. A very low result is not dejuranlo, 
ttfi it shows the glue has been over-dried and has 
little tenaeitv, while a high rojjult throws doubts 
on its keeping ijualily. 

(2) Ash. —A ])ort ion of the glue is incinerated 
in a platinum cruejble. and tlio ash weighed. 
That from lione glue fuses and gives, when 
taken up in dilute nitric acid, the phoaphoric 
acid reaction with ammonium molybdate, 
whereas the asli from hide gluf does neith.^r, and 
is usually alkaline from the lime used in the 
preparation. The ash content of good glues 
vanes from 1*5 to 3-0 p.c. Gluc.s woiglitcd witli 
barytes, &c., and ' coloured gliic.s,’ of course, 
yield more. 

(3) Acidity may bo determined directly by 
titrating a measured quantity of, say, ft 10 p.c. 
solution with standard alkali, using phenol- 
phth^ein os indicator. Should the glue solu' 


tion be highly coloured, afi ts the case with some 
Scotch glues, fluorescein may be used in its place. 
The volatile acids of glue may be determined 
by dissolving fiO grams of the sample in water, 
and subjecting the solution to steam distillation. 
The steam and vapour arc led through a con* 
denser and received in a vo-ssel containing a 
known volume of standard alkali. After some 
300 c.c. have been (mniliMised, the amount of 
acid alisorbctl by tlie alkali is determined by 
titraiioii. It IS expri'.sscd as ir.S() 3 , and a good 
iiliio slioiild not yield more tlian 0'2 p.c. 
(Lamlicrt.) 

(4) Fatty matters arc (b'U rmined by extroct- 
mg ") grams of Ike tinely ])owclered samplo, 
eontainetl lu a rapsulc in tbc So.xhlct apparatus 
with (tlier. 

(fi) Determination of the gelatin content by 
yield of nitrogen. Trutman ami Ilackford 
(J. Soe. (‘Ihmu, liid. 1904. 1072) give a process 
lor the det-erminatioii ol the gelatin jiresent m 
glue. They point out that a direct determina¬ 
tion of iiitrogeii by Kjcldabi'.s metlmd or soda 
lime distillation gives mish'admg results—owing 
to tlie presenee of peptones. &e. (the decom¬ 
position jirodiK’ts of gclaUn) when it is multi- 
]>li(‘d by the factor 5 33 They conHcqucntly 
I precipitate tho gelatin witii zuie Hulphat-o 
crystals, wa.sh the iireeljutate with concentrated 
ziiu: Hulphate solution, and tix‘at tho product 
by the ]\)eldahl iiroces.s. The amount of nitro¬ 
gen, multiplied liy ">-33, gives tlie gelatin 
eontcTit.. This method has been criticised by 
H. .1. Wilson, but it ap^iears to dilYcrcntiat'C 
between gelatin and the other nitrogenous 
ingredients of glue. 

Estimation by precipitation with tannic acid. 

Standartl solutions of jnire gelatin (10 grams 
])ci litre) and of tamne acid (10 grams per litre) 
are madix Tlie two are then t.iti'atod togetliep 
until no further preeijiitate is pn^duced, A 
weighed quantity of tho sample is then titrated 
against the tannic acid, and thus its gelatin 
content determined. 

Stelliiig’s method of determining gelatin 
consists in precipitating the .solution bv 9fl p.c. 
alcohol, but owing to the partial solubility of 
gelatin in Hint menstruum, llideal considers it 
untrustwortiiy. 

(fi) Water absorption, A very general method 
of testing glue cousisiR in determining the 
amounf of water winch it will absorb. A 
wciglied quantity of ghio is covered with water 
at (HFK. {15'5'’l'.) and allowed to soak for from 
24 to 48 hours, according to the thickness of the 
cake, or until the cake is thoroughly saturated 
by the water, which can be judged by its colour 
i and appearance. 

Tho eakc is tlion removed, dried superficially 
with filter paper, and the mcreaso of weight 
determined. Generally speaking, the greater 
the increase the bettor the glue, provided that 
the cake remains firm. Fine bone and skin 
glues will increase in weight 8 to 11 times, 
common glues 5 times, but some of the very 
common fish glues may liquefy completely under 
these conditions. In making this test, the smell 
of the glue and tho colour of tho water should 
be noted, when valuable information as to the 
j keeping quedities and probable sources of the 
I glue may be glcared. 

! Jelly teste. U) grams of glue are soaked iv 
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24 hours in water, and then melted and the 
solution made up to 100 c.c. The solution is 
cooled, and the strength of the jolly tested with 
the finger. It is quite possible to grade the 
various samplee of glue with considerable 
accuracy by tnis method. 

Lipowitz shot test. If it is desired to liavc a 
quantitative expression of the strengths of the 
jollies yielded by n number of samples of glue, 
the samplers containing 10 ]).e. of glue may bo 
run into cylinders of uniform width and allowed 
to set. The cylinderB are then in turn covered 
with a lid, tlirougli wliich, in a guide t^be, passes 
a stout wire, to the lower end oi winch is soldered 
a convex disc, while the upper end carries a pan 
to carry weights or shot. Tlio convex surface 
of the disc rovsts on the surface of the jelly, and 
weights or shot are added to the upjicr pan until 
the lower disc penetrates. The greater the 
amount of weight the jelly will carry, the 
greater is its i:onsistcn<’y. 

ThivS method is largely emj)loy<‘d, but its 
value IB only conijiarative. 

Strength of jelly. Tlio writer has used a 
method for some years wbicli ho chums to give 
more reliable results. 80 grains of gluo arc 
soaked in water and, after melting, tlio solu¬ 
tion is made uji l.o 100 e.e. and transferred 
to a vessel so that tlio dejjtli of the layer is 
IJ to 2 inohoH, Thi«, of course, may bo varied 
according to the vessels at command, Init it 
should be the same for all the samples. While 
the solution is still warm, a circular fllse of metal 
1 inch in diameter, f o tlio eentro of which is fi.\cd 
a stout wire, is inserted. Halfpennies form 
convenient discs. The wire is kept in a vertical ^ 
position until the solution lias jellied. The ' 
vessel is clamped down and the wire attached to 
one arm of iv stout balance. Weighf.s are then ' 
placed in the other jian until the disc is torn ; 
through the jelly. Tlio greater this weight, the ! 
tougher the jelly and stronger the glue. 'I'ho I 
test should bo repeated several f.imcs, and the j 
mean taken. A good glue under these con- j 
ditions requires over 10 lbs. to tear the disc ; 
through the jelly. It is claimed thak by this j 
method the variations duo to the surfaces of i 
the gluo jellies are obviated. | 

Hulbert (J. Ind. Eng. Chem. 1018, 5, 235) ! 
has described a simple apparatus for testing the 
jelly-strength of glues (c/. Clark and Du Bois, 
J. Ind. Eng. Chem. 1918, 10, 707). 

Melting - point of jelly. iS grams of the 
sample aro soaked in 30 o.o. of water for 12 hours, 
hea^d on the water-bath, and the solution 
poured into a wide test-tube in which a thermo- 1 
meter is inserted. In a similar tube, a solution | 
of a good hide glue (1 : 1) is jioured, and both 
tubes are immersed in water at 15®, When set, i 
the two tubes are placed in a horizontal position 
on a shelf over a water-bath. Their melting- 
point is taken to bo the temperature at which 
the surfaces of the glue solutions leave their 
vertical positions (Kissiing). 

According to Sammet (J. Ind. Eng. Chem 
1918, 10, 595), comparison with standard glues 
shows that the melting-point may be .taken as a 
measure of the jelly-strength. 

VISlMMlty of jelly. Eels (J. Soc. Chem. Ind. 
1901» 130) recommends that the viscosity of a 
15 p.c. solution of glue at 30^ should be tested in 

liiigler viscosimeter, on the assumption that 


the greater the viscosity the stronger is the 
glue. 

Bideal uses a modified form of the Slotte 
instrument (J. Soc. Chem. Ind. 1891, 616), and 
uses 1 p.c. solutions at 18®. 

A simple way of carrying it out is to run 
the solution from a burette; the time taken 
for 60 c.c. to flow is taken as a measure of its 
viscosity. Siipj^wing 25 hcos. are taken by water 
at that temperature, a I p c. solution of a strong 
gluo will take 824l4 secs. ; a medium glue, 
28-80 sees. ; weak ghu\s, 25-27 secs. 

Tensile strength of glue. Many methods 
have been suggested sucli as Hauschingor’s, 
Kissiing’s, and Kideal's. Uideal has devised 
■ the following method :— 

Two plane surfacivs of biscuit porcelain, 
ground so a.s to fit, 1 scjiiarc inch in area, are 
soaked with a solution made up of I part of glue 
in 2 parts of water iit 70 ' for 80 minute.8 ; tliey 
are placed together, wiMghtcd with 6 lbs., and 
j kejit for 5 days in a cool room. 'J’hey aro then 
fixed in a testing machine, and the weight 
neco.s.sary f-o tear them asumlcr is determined 
{cf, Ciill, J. ISoc. Chem. Ind. 1915, 292). 

'J’he writer Juis used with succcsh a slightly 
inodilied form of a metimd originally Hiiggestod 
by Millnr (.1. Soc. (Ihom. Ind. 1899, 10). 10 p.c. 

solutions of the glues to be tested arc made up. 
StripH of filter or other paper arc cut, 1 inch 
in width and about 18 inches in length. These 
ate dipped in ilio solution at about SO"", and then 
hung up to dry. When the first coat haa dried, 
they are again immeraed in the solution and 
allowed to dry, the portion that was lowest being 
placed at the top, so that os far as possible a 
uniform layer of gluo is produced on their sur¬ 
faces. AfbT air-drying, the strips are heated for 
1 hour in the watcr-oven. Two or three lengths 
of 8 inches are cut out of the central portion of 
the strips. ’ 'J’liose arc then separately tested by 
fixing between two indiarubber-covored clamps, 
one of which i« fixed to the table and the other 
atitaclied to the beam of a strong balance, the 
balance with the elamj), of courae, being first 
counterpoised. Weights are added to the other 
pan until the paper breaks. A blank test js 
then made with the uitsizcd paper, and this is 
deducted. Several cxperimentH should bo made, 
and tlie mean taken. A good gluo should 
require .some 9 or 10 lbs. when tested m this way 
to break the sized paper (cf. Gill, J. Ind. Eng. 
Chem. 1015, 7, 102; HudelofT, Mitt. K. M. 
Materialproof, 1018, 8(5, 2 ; J. Soc. Chem. Ind. 
1918, 37, 748, A). 

Foam tost. Trotmau and Hackford (J. Soo. 
Chem. Ind. 1906, 104) recommend the following 
procedure : A graduated tulx5, 70 cm. in length 
and of such a diameter that each 1 cm. in length 
haa a capacity of'l c.c., is half filled with a 10 p.c. 
solution of gluo and placed in a water-bath. 
The temperature of the bath is maintained as 
nearly*aa possib^s at 00°. The tube is then 
corked, vigorously Hhakcn for 1 min., and the 
top of the foam layer read off. The line of 
I demarcation between the lower level of tho 
I foam and the liquid is too undefined to all6w of 
reading, but that of the upper layer is constant. 
Tho peptones present in glue increase its tendency 
to foam. 

The tost is of importance for certain uses ol 
glue, such as its application in venoorii^. 
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GLUE AND GLUE TESTING. 


(Jcn<ral rpmmh on the tenting of glue. —Of 
iMiurne ill ('.lu ll cjisc, ilk tvlmuly Mtal(‘d, tlie toBtB ' 
applied shovild rofer directly td tho ubcs to which ; 
tni^ ^luc Ih to he put. For veneering and general • 
joiner ’h work, for hookhinding and tho like, a | 
glue Hlioiild iiave good tonflilo strength, littli* j 
foaming jxnvrr and good keejiing qiialitioN. It j 
Hliould also hIiow a good jolly test and he free ! 
from greas(‘, or it may give uneven joints. Tlie 
glu(' for use in Uks si/ing of canvas anfl tli<‘ like ! 
sliould hIiow a good strength of jolly and good I 
tensile strength : foaming power ami grease are j 
ol h^ss impiirtanoo. I'or tlui pn'paratuui of dis- ■ 
leinjiers, the gri^iiso content hIiouIiI he low, uh it i 
tntiy give rise to ‘ flecks ’ ; tlu^ ki'cping jiower j 
should !)(' high, but. tlie tensih*. strengtli and ' 
strength of jelly are of less im])ortance, ; 

'J’lio spoeilications and tests of glue adojitod : 
by the Amerii’an Soi'ioty for 'I'esting Mat.nrials, 
1!)14, are as follows ; SpfM'ilii’alaons for chocking 
tho (pialit'V of cahinot glue, shouhl bo based 
upon the visoosit.y, jclly-stiongth, odour, reac¬ 
tion, grease, foaming, ash. imuHture, and 
app(;arnnee. 'I'he glue sliould ho clean and free 
from an onoo^sivo number of air bubbles, the 
presence of the lalU'f indicating decomposition 
during nninufiielinv. About (i p.e. of ash ib 
the permissible maximum ; tlio quantity usimlly 
found lies between 2‘3 and 4T) p o. The glue 
.sliould be neutral, or jivaetically so to litmus 
najier. Tim jiliv-streiigth is best, jvscm’tamed 
l>y steeping the. glue in cold water for lb hours 
and then molting it at IbtV h\ {Tl't'.). tlm pro¬ 
portions of glue to water being siieh that the 
rcwulting jelly will eontam from 7 to lb p.e. of 
glue (7 ]).c. in the ease t)f higher-grade glues and 
10 j).e. for lower (pialiiies). Tho jelly is then 
cooled to about 45 T. (7'C’.) and its lirmnoss. 
judged by prtissing with tho fingers, is com¬ 
pared with I'hat of a jelly prepared from a 
standard samjih'. Viscosity ia aetormined at 
30T'. in an Engler’a viaoometer, nsing a 15 p.e. 
glue, solution : tlie time oF How for a high-grade 
glue is about 350 seconds. GUm should not 
contain any fatty substanee, as determined by 
heating tlu' ghu' solution with hydrochloric acid 
and (‘.xtracting the eoohsl mixture with ether. 
Exee.ssivc foaming is uiuh'sirable ; 300 c.e. of a 
10 glue Holutuui are heati'd for 1 minute to 
150'‘F. (t»5‘’(l.) in a beaker of about 2‘5 inches 
diftiuctev, when tho layer of foam produced 
should not exceed 0’25 inch in depth (J. Soc. 
Chern. Ind. 1014, 33, 1021). 

Hy. I. 

GLUOTOL i. SvNTHKTic niiuns. 

GLUTAMIC ACID, a-AminoijUdaric acid 
C’0,H-C1I(NH,)GH2-CH/CU.K 
was discovered by Ritthausen in (J. pr. 

Ghem. } I ] 00. b, 4.54) among tho products of the 
hydrolysis of wheat gluten hy sulphuric acid, 
and hence called by him gluiofninic ocid.^ Sulisc- 
quontlv, Ritthausen and Kreusler (J. pr. Chern. 
1H71, 121 3, 214), Gorup-Besauez (Ber. 1877, 10. 
780), Sohulzo (Zeitsch. phy'siol. tdiem. 1892, 0, 
253). and Wroblewski (Ber. 1808, 31. 3218) 
ahowi'd that it was formed by the hydrolysis of 
other vegetable proteids ; and Hlasiwetz and 
Habermann (J. pr. Ghem. 1873, [2] 7, 397), 
Panzer (Zeitsch. phj'siol. Ghem. 1897, 24, 138), 
Abderhaldon and Fuchs {ibid. 1908, 57, 339} 
isolated it from the products of hydrolysis of 


animal proteiils. Abderhaldon {ibid. 1913, 88, 
478) found it in blood; Monti (Chom. Zentr. 
1912, 1, 501) in tomato conserve; Kossol and 
Edlbacker {Zeitsch. physiol. Ghem. 1916,94,264) 
in eehinodorm; Moisenheimer in yoast (Ghem. 
Zentr. 1915, ii. 1259). Osborne and Gilbert 
(Amor. J. Idiysiul. 190b, 15. 333) showed that 
the yield of glutamic acid from animal pro- 
tcid matter varies from 7 to 10 p.e., Vr’nilst 
in vegetuhlo protoids (with the exception of 
leueosine of wheat, 5‘7 p.e.), tho yield is 
larger, 12 to 37 p.e. A fruitful source of 
glutaiiiii^ Gu id is h(‘ct-root molasses ; Haber- 
maun (Annalen, 1875. 17fb 248; 8cheibler, 
Bor. 1884,17, 1725 ; Andrlfk, Zeitscli. Zuckerind. 
Rohm, 1903, 27, 005) obtained it. to the extent 
of 7 ]).c. on the dry solids of the molasses lye. 

Kutschor (ZciiHcli. physiol, ('horn. 1899, 28, 
123) isolated glutamic acid from the products of 
hydrolysis tif casein by sulphuric acid, by preei- 
liitating the larger jiart of t he organic base.s with 
piios])liotiingslic: acid, and removing tho excess 
of .suipimne and jiliosphotungstic acids from the 
lilirali' by means of barium hydroxide; the 
hnicine and tyrosine crystallised out of the (II- 
f rate, ami from the mother liquor the aspartic 
and glutamic acids were separated by tho differ- 
enco insolubility of llieir cojipersalis. Glutamic 
acid may be jircfiared from its hydrocldorido by 
pivHsing ammonia t lirougli the solution and eva- 
jiorating to dryness; the gri'ater part of the acid 
may bo sojiarated by fractional erystallisation, 
tlie remainder precipitateil by aleoliol (Abdor- 
haldon, Zeitsch. physiol. Gliein. 1912, 77, 75). 

J'^or ita isolation from molasses, ncp Stoltzcn- 
iierg (Ber. 1913, 4b. 557), who obtained the 
hydrochloride: Amlrlik (Zeitsch. Ziickerind. 
Bdlun, 1915, 30, 387), wlio ohtainocl tho acid 
from aqueous solution by means of tartaric 
suljihurie or jihosphoric acid 

Siegfried and Schmidt (Zeitsch. physiol. 
Chom. 1912, HI, 201) prepared tho acid by means 
of tho insoluble normal barium salt. 

Ike,da and vSuzuki (U.8. Pat. 1016891) sepa¬ 
rate glutamic acid from other hydrolysis products 
of albuminous Hubstanecs by electrolysis ; .ire, 
also, Scheerniesaer (Plmrin. Zeit. bO, 487) ; 
Gorti (d. }So<-. ('hem. Ind. 1917, 30, 979; Eng. 
Pat. 100081, 1910). 

Gor the, quantitative estimation of glutamic 
acid in tiu* products of protein hydrolysis, see 
Foreman {Bio-Ohem. J. 1914, 8, 405). 

Glutamii' aeid contains an asymmetric carbon 
atom, and the dextro- and Uevo-rotatory and 
j the raeemie variety of tho acid aro all known. 

d-Glutamic acid, the naturally occurring 
compound, cr^talliacs in the rhombic system 
fi ; ?> t f-O'bSGB : 1 ; 0-8548 (Ocbl>oko, Ber. 1884, 
17, 1725); m.p. 208° (213° corr.) with de- 
eompnailion (Fischer, Ber. 1889, 32, 2451); 
224°-225° (corr.) decomposes (Abderhaldon, 
Zeitsch. physiol. Ghem. 1010, 04, 450); 211® 
when heated rapidly (Rkoln, Zeitsch. Zucker- 
i ind. Geehoslov. 1920, 44, 347), is sjiaringly 
; soluble in water (the solubility is raised in 
presence of alkali and alkaline earth salte 
: (Pfeiffer, Ber. 1915. 48, 1938), i^oluble in 
! alcohol or ether, and is practically insoluble in 
I cold glacial acetic acid. It is dextro-rotatory 
j in aqueous soli^^ion, [o]^ +12*04®. According 
to Abderhalden and Kautwch, [ol^ =0+31*2® 
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(Zoiteoh. physiol. Ohom. 1910, (>4, 450). Tischor 
(Ber. 1809, 32, 2470) gives 30'86®. Increasing 
amounts of strong acid cause a continuous 
increase of the specific rotation, which tends 
towards a maximum. The addition of bases 
first changes the dextro- into lasvo-rotation, 
which attains its higluist numerical value with 
the formation of tlu^ acid salt, furllior (juantities 
of base convert thi^ lajvo-rotation again into a 
dextro-rotation. With lead Ijydroxide, no 
change in sign of the rotation takes place (Andr- 
Hk, Zcitsch. veri'in, deut. Zuckerinu, 1903, 572, 
948; sec, uho, Pellet. (3ieni. Zontr. 1911, I, 
1706). Olufamic acid is converte(f into l- 
pyrrolidonecarboxylie acid to a large extenl' 
when its aqueous solutum is boiled also to some 
extent at tli<' temperature of the watt^r-bath. 
After boiling a 2 p.e. aqueous solution for 100 
hours, 90-9.) p.e. of glutiinic acid (jiyrroli* 
dono-2-carboxylic acid) is formed (iSkoia, Zcitsch. 
Zuckerind. (‘ochoslov. 1920, 44, 347). About 
H p.e. Rulphuric acid and about 3 p c. hydro- 
ehlorie acnl present in tlio solution inhibit 
the change; the rcvertic change C)cc;urs on 
boiling ^-pyrrobdoncearboxylie acid with strong 
hydrochloric acid (Fonunan, Pio-t'hem. J. 
1914, 8 . 492); firr, also, Fisclier and Pcehner 
(Ber. 1 !)11,2,1332). St{Uick(ZejLHc]i. Zuckerind. 
Rdhtn, 1012, 371), on hi'afing tlie aijueous solu¬ 
tion above 200 ^,obtained di glutimii' acid, below 
that tenipciraUire i-glutimiu was the chief 
product. 

A solution of d-glutamic aeid (1 :22,000) 
giv('s a <‘hiiracLenslie colour reaction willi tri- 
ketohydrindene (Abdcrlialden and Schmidt, 
ZoiUeii. physiol, (’hern. 1913, 85, 143). 

When glutamic acid is administered as a 
food, 96 p.e. IS absorbetl, a pui'tion being us(‘d 
up in proteid .syrilhesis, and the rest oxidised to 
urea (Andrli'k and Vehch, Zeitsch. Zuckerind. 
Bohm. 191)8, 32, 313); its administration to 
phloridsiiiiiHed dogs loads to increased elimina¬ 
tion of dextro.se ui the uiiiK^ {Wurkalla, Boitr. 
Phys., 1914, 1, 91). 

For its catabolism in the animal organism, 
8tt Ringer, Frankel (d. Biol. Chem. 1913, 14, 
541). According to Roxas (J. Biol. Chom. 
1910, 27, 77), it retards the action of tyrosinase 
on polypeptides. 

Glutamic acid is decomposed by the action of 
bacteria, yielding n-butyrie acid, together with 
small q^uantities of succinic and formic acids 
(Broach and Ncuberg, Biochera. Zeitsch. 1008, 
13, 290, also under the action of certain micro¬ 
organisms, yielding y-aminobutyrio acid (Acker* 
mann, Zeitsch. physiol. Chem. 1910, 09, 273 ; 
Abderhalden, ibiiJ. 1913, 85, 131). It breaks 
down under the action of sunlight to propalde- 
hydo, ammonia, and carbon dioxide (Ganassini, 
Giorn. Farm. CUim. 1912, 81, 220). When 
oxidised by hydrogmi peroxide, it yields succinic 
acid (Dakin, J. Biol. Chom. 1909, 5, 409); and 
yields y-hydroxyglutaric acid (glutanic acid. 
J.V.), when treated with nitrous acid (Ritt- 
hausen, J. pr. Chem. flj 103, 239). Natural 
d-glutamic acid is converted by nitrous aeid 
into /-o-hydroxyglrftaric acid, and by nitrosyl 
chloride or hytfrochloric aoid and nitrous acid 
iatof-a-chloroglutaric acid, which in turn yields 
d-a-hydroxyglutaric (Fischer and Moreschi, Ber. 
1912,45,2447). • 

For electrolytic diazotieatiuu of the oetd, 


«ec KrauBS (J. Amur. Chem. Soo. 1017, 39, 
1427). 

d*Glutamic acid forms nonnal and acid salts, 
the latter being the more general. Of these, the 
sodium 05 HB 04 NNa, ■polassinm CjHjOtNK, 
calcium (('sHsO^NljCa, barium (C 5 H 304 N)jBa, 
h,ad ((’sH 804 N)aPb, arc crystalline and hygro¬ 
scopic. The calcium salt is couvertea to 
calcium pyrrolidom- carboxylate on heating to 
I80‘^~l85 ’ (Abderhalden, Zeitsch. physiol. Chom. 
1910, ()4, 447); it i.s precipitated quantitatively 
from aqueous solution if suHieicntly eonccntratetl. 
(Foreman, Bio-Plieni. J. 1914, H, 470). The 
, normal barium salt is almost insoluble in water 
(Si«5gfri<'(l aii<l Sdimult, Zeitsch. physiol. Ohem. 
1912, 81, 261). 'riic glulaiiiateH of general 
formula GjITbO^NM' are largt4y solublo in 
water and have a charaetonstic taste. The 
manufacture and consumption of the sodium 
salt IS general in dajian. .Japanese seaweed, 

I which IS used for its flavoui’, has this taste 
{!U(‘da, (Jlig. (knn. 8th lutein, (king. Appl. 
(diem. 18, 147). The iifirnial ammonium salt 
(NH 4 )d:sH 7 () 4 N lose.s NH, at JlO'-llS". and 
1 forms the acid salt {NH 4 )G 6 H 8 () 4 N ; [alu about 
- :P(V' (Schulze and Trier, Her. 1912, 45. 257). 
The blue copper derivative 

(G.HaO^N)^, 4 CuO, 7^1130 

is crystalline; zinc, and r(u{mium salts, and 
cobalt and nickel derivatives have been pro- 
, jiarod (Hugounenq and Florence, Bull. ooo. 
(’him. 1920 [iv|, 27, 750). The copper salt 
('jll 704 N()u,|ll 4 () is amorphous and groonish- 
1 blue, and dissolves in 400 parts boiling 
i water (Wolff, Annalcn, 1890, 260, 79) j the 
I silocT sails (JaH^OiNAgj and GsfTgGBNAg aixs 
i white insoluble jiowders; the ferrous salt is 
' obtained when glutamic aeid is boiled with an 
; excess of iron powder in an oxygen-froo atmo* 

, sphere (H(4Imann, 1). H. P. 264390); the ztnc 
salt is basic (C 6 HH 04 N);jZn,ZnO ; the mercuric 
salt a hi'avy crystalline jjowder decomposing 
20H‘^-209'' (Ilabcrmanii, Annalcn, 1871, 179, 
248; Abderhalden and Kaiitzsch, Zcitsch. 
physiol. Ghom. 1910, 64, 447 ; 68, 487 ; and 
: ibid. 1912, 78, 333). The hydrochloride htia 
' in.p. 202"’ (docomp.), or, heated quickly, m.p. 

, 210" (Abderhalden, Zeitech. physiol. Chom. 
11910, (34, 4r)0); [al^"°+25'’ (M.) ; or 24-5“ 

; (Fiachcr and Boohner, Ber. 1911, 44, 1334). 
For oryatal]ogra[)hy of h.ydrochlorido, ace Kai)- 
lanova (Ahh. Bhom. Akad. 1915, No. 23, 8 pp. ; 

; from Jahrb. Min. 1917, I, 123). The strychnine 
salt has m.p. 225"-230"fa]J'^ —25'5";the5rtw:tac 
j salt has m.p, 240' —23" (Dakin, Bioofaem^ 

■ J. 1919, 13, 398). For the imido-orihophos' 
•phoric eMer (hK, 4 ().NP of glutamic acid, see 
j Langheid (Ber. 1911, 44, 2076). dl-GluUtmic- 
; picrolovate crv’stalli.si's in fine short spindles 
! which ^dccoiuposg 184 ', iZ-glutamic picrolonato 
: has [a]^^“q-85® (Levenc and van Slyke, J. Biol. 
Ghcm. 1912, 12, 127). The ethyl ester 

; <-'6H3((;,H5)04N is crystalline, and melU at 
j J88® (Monozzi and Appiani, Gazz. chim. ital. 

I 1894, 24, i. 384); the diethyl ester has b.p. 

I 139°-140°/10 mm., sp.gr. 1*0737 at 17®, wid 
; [alp'’"+'3’34 (t'Ucher, Sitzungsbor, Akad. Wiw. 
Borlin, 1900, 48. 1002). 
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Glutamic acid forniH a soluble benzene sul¬ 
phonyl derivative, kS 03 rh'NH(CaH 6 )(C 02 H)* 
(Hedin, Ber. 1890, 23, 3190); and the following 
acyl derivatives are described by Fischer (Ber. 
11)07, 40. 3704), Fischer, Kropp and Stahl- 
Hchmidt (Annalen. 1900, 30.1, iM) : l-leucyl-d- 
glutamic acid 

CHMcg {'Hj-('H{Nn2)-CO NII-CIl(ro2ii)-ciT2-Cn2 OOjH, 
nip. 232’ (decotnp. uorr.), haw +10‘5° in 

N/I-If(3, foi'ins N()lul)lc Hodiujii and iianuni salts, 
th(' HilviT salt bring sjianngly soluble ; chlor- 
ucctyl-<l-(jli(l(twic field 

(;ir,('i(U)-Nn-('!r{('(),H)-cH,-cir,-ot),ir, 

m.|i. 14:t' (I'or-r.), |a|j“ -l:!T)“ (±0'2") in 

aqui'ouH Solution, yields ghicyl-d-glnUiviir acid 
mr,-0H,-(’()Mi-('ji((!oji)i(:H2i2('oji, 
ni.p. 178'’ (eorr ), -O'lJ'’; chluracrtylfjlut- 

amyldijlyciucdidliyl i stir 

, I'h. 

'VM/FlL-t'O-Nir-FIl 
14(F (rorr), yudds on hydrolysis c/dor 


i-iip 1 u) ,\IM n, .^-lJ .(.().jvjjf 


ni.j), 

acrlylyliiiuviyldiylyc/ne ,(I|. ni.p. 

173' (docoiii]) rorr.). and yields on treatment 
with aiiuoous aiiunonia filycylglutamyldiglyciiic 
(IjillmO;^^. ni.)). 248'’ (eorr.). rhcnylacctyU 
glutamic acid t'nHioOjN, microscopic needles, 
lias ni.]j. 123 ’.!a|i, • Mb’in 3-10 ji.c. aqueous 

solution ; t hr hrueine salt 

(’nH,5G,N'2(I,,ir,eO^N, 
low [alj, •1’37‘ (Thiorfcldcr, Kherwin, Zeitscli. j 
physiol. (Iliem. IIM.^.04. 1 ; Ber. lOlf),47.2030). ! 

r-Glutamlc ftcid has been synthesiHod by 
Wolif (Annalen, 1800. 200. 79) from licvuhc 
acid. GJyo\y]pro|)ionie acid 

OlKI-dO-dHa'tlriodHljH 
obtained by boiling dibromolajvuli'e aeid with 
waU'.r, roaets witli hydroxylaniino to form 
y5-diuonjtrosovaleric aeid 

0H(N()H)(J(N01I)CU3-(.'I{yCO.H, 
from which j'.sonitrosoeyanobutyrie •^‘■id 
CN-C(NOH)-Cll2-CH2-C02ii 
is obtained by hydrol^'sia with suljiliuric ae.id 
and subsequent treatment with cold sodium 
hydroxide. When I'.s-onitrosocyaiiobutyric acid 
is hydrolysed with boding alkali, it yields mi- 
nitrosoglutavic aeid 

0OjR-C(N0U)-CH2-(IH2‘(IO2H, 
and this is reduced to inactive glutamic acid 
('.0,H-CH(NHj)CH2-CH2-CO,H 
by tin and hydrochloric acid. f-(rlutamic acid 
can bo prepared from the dextro- isomeride by 
heating it with barium hydroxide (Schulze and 
Bosahard, Ber. 1885, 18, 388 ;-Schulze, Zeitsch. 
physiol. Chem. 1892, 9, 2.53). ^ 

f-Glutainic acid crystallises from hot water 
in rhombic plates, « : 5 : r=0'7454 ; I : 1’2307, 


193° (decomp.) (Wolff), 200° (Abderhalden and 
Kautzach, Zeitech. physiol. Chem. 1910,68,487), 
and is crystallographically identical with the 
hydrochloride of the d-acid, tt : 6 : c=0*8873 : 

1 lOsSSOo (Wolff, Z.C.). 

W^lion r-glutamie acid Is heated at its melting- 
point, it decomposes, yielding 'pyrroUdonecarhox- 
ylic acid 

CH.-Cllas 

I Vdl-CO.H 

Tliis eonipouiid Inos m.p. 182'^-183'^, and is 
identical with tlic pyroglutamie acid obtained 
by HaiA'nger (.Monatsb. 3, 228) by heating 
d-glutamie acid, and also, with the glutimie acid 
of Sehut/.enberger (Ann. (’him. j.5| 1(), 372), 
obtained by deeoin 2 >o!^ing albumin with barium 
hydroxide at 180^ (compare also Abderhalden 
and K.%ut/Heh. Zoitseh. physiol. Chem. 1910, 
(18, 487). r-Bcnzolyglidamic acid, crystallises 
with 1JT3). m.p. 1.52'’-153‘’ (I5r)’-157° eorr.), 
and iH soluble in 124 jiarts of water at 20° 
(Fischer, Ber. 1899. 32. 2451). ('hloracctyl- 

r-fjhilamic aetd luw m.ii. 123'-’; glycyl r-ylulamic 
acid, is a hygroseojne jiowder, and forms a copper 
■nit erystallising with 3 .IH 2 O lhat. docomposea 
at 223" (eorr.) (J''ischor, Krojip and Stahlschmidt, 
Annalen, 1909. 305, IHl). 

/•Glutamic acid. When 1 •glutamic aeid is 
crystalhsed from water, right- and left-handed 
enantiomorphouH (Tysials arc dejiositod, but 
this fact cannot conveniently be utilised for 
I the projiaration of the /-isomende ; this was, 

; however, effected by the cultivation of Peni- 
cillmm glaucum in a solution of tho r-acid, 
whetx'by the f/-acid is (h'stroyed and tho /-acid 
remains in solution (.Menozzi and Aiipiani, Gazz. 
chim. ital. J894, 24, 1 . 370). Fischer (Her. 1899, 
32, 2451) re^iolved r-ben/.oylglutamic aeid by tho 
fractional crystallisation of tho strychnine salt; 
hnizoyU-ghdanik acid has in.ij. 130"-132° (eorr.), 
diHHolve.s in less than two ])arts of water at 100°, 
or 21 parts at 20°, and has [aJx,4-13’8l° in 5 ij.q. 
aqueous solution, and the potassium salt has 
[ajj-l8‘7° : it yields l-aluianiic acid on hydro- 
Ivsis, and this is identical with tho d-isomeride, 
cxceqit that it lias fa]^® —30 05°, whilst tho 
rf-acid has +30'45°. 

l-Pyrrolidonccarhoxyl\c acid, obtained by 
heating d-glutamie acid at 150°-1()0", forms 
large colourless orthorhombic crystals, m.p, 
102°, a-.h-.c -1'5034 ; 1 : l'(3292, and has [oJjj 
—115° (Menozzi and Ajipiani, (Jazz. chim. ital. 
1894, 24, i. 370; Abderhalden and Kautzsch, 
Zeitseh. physiol. Ghcm. 1010, 08, 487). For 
the conversion of glutamic acid or pyrrolidone- 
carbo.xylic acid into prolinc, sec Fischer and 
Bochner(Ber. 1911,44, 1332). 
i6-Hydroxyglutamjc acid 

C 03 H-CH(NHa)CH( 0 H}-CHB-C 0 ,H 
has been isolated from the products of acid 
hydrolysi.s of caaoinogen ; it crystallises in 


. 0*7454 ; I : l'23(i7, • gtout prisms, has [a]fy about -|-0'8° in 4 p.c. 

m.p. 199° (decomp, eorr.), di.'jsolves in ()6*7 parts ^ _ oq? , ,-00 • o 

water at 20°, ana is sparingly soluble in ether, ; c-Oueous solution, and [o]j^ -t-16 3 m 2 p.c. 

alcohol, carbon disulphide, or light petroleum. ' hydrooblorie acid solution. On prolonged 
The copper nail 05 H 7 O 4 N 0 u, 2 iH 2 O u>rins blue I heating at 100"-110° over phosphorous pent* 
needles, becomes anhydrous at 135°, and is not I oxide it yields hydroxypyrroUdonecarboiylio 

soluble in less than 1000 parte of boiling water, i acid. It yields ^silver, co^^r, fnerevry, lend. 

The hydrochloride crystallises in needles, m.p. ^ cadmiutriy zincy and ults, and 
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gires a diethyl eater. The etrycknine salt has j 
m.p. 246“, [a]2®‘'-20-3^ The brucine salt haa ' 


[a]p — 26’0® and decomposes at about 200'’. ; 
The synthesis of the compound from glutamic ! 
acid has been eflectod (Dakin, Biochem. J. 
1918, 12, 290; 1919, 13, 398). M. A. W. 

GLUTAMINE 0U,li-(.'3Hfi(Nir,)(:oNH, is 
the half amido of glutamic acid. It was dis¬ 
covered ill 1877 by iSciiulzc and Uiich (Dor. 10. , 
80) in the juice of young pumpkin plants, and ; 
isolated from beet root sap liy Scdiul/.o anti 
Bosshard [ibid. 1883, 10, 312), one litre yielding 
0’7 to 0'9 gram of gkitaimne ; .sw, a/,vo,ISniultmski 
((Jhem. Zeiitr. 1911, 1, 518, from Zcitsch. Ver. 
Btsch. Zuckcrind. 1910, 1215). It appears to 
replace its homologut' osparagme in .some natural 
orders, c.g, i'lijophijlhirtm, ('rucifcicc, ami . 
Filiccs, where it occurs in the leaves, seodlmgs, 
roots, and tubers. The greatest amount of 
glutamine found in seedlings is only 2'5 p.e. of 
the dry maUer whu-h is much less than the 
amount of asparagine found in h'guminous ; 
soodlings, but it is ])rol>al)ie that, owing tt> the j 
diilicultios of separating glutamine, the plant I 
contains at least twice as mucli as is actually | 
inolatod (Sehul/.e, Zeitscli, physiol. Clieni. 1894, i 
20, 327; 1897. 24, IS; Her. 1S9(), 29. 1882; j 
Landw. Voi'sndis.-Stat. 1898,49,442; Deleano, i 
ZcitKch. physiol. Ohem. 1912, 80, 79). (iluta- • 
mine occurs witli asptragino in tho juice of 
ripening oranges fScurti and Do Plato, (9ieni. , 
Zentr. 1908, ii. 10, 1370); for dislriliutioii in 
plants, UPC, uUn, Stieger (Zeitscli. ])Ii.\Kiol. (Uiein. 
1913, 8C), 245) According to Thiorfeldcr and | 
von Cramm. glutamine is a component of the j 
protein molecule (Zeitscli physiol. L'hcin. 1919, 
106, 68). I 

Glulamiim cry.-jtallises in needles ; it dis- | 
solves in about 25’7 parts of water at 10'’ j 
(SchiiUc and (lodet, Landw. ViTsuchs.-Htat. ; 
1907, 07, 313), and is sparingly soluble m alcohol. 
It behavoa as a v(*ry weak acid towards indicators 
(SelUor, Clicm. Zt‘ntr. 1904, i. 789). CJlut-umino 
is dextro-rotatory in aqueous solution, seven , 
specimens from various vegetable souroos w(5rc 
found to liavo [alj, between + DO'’and -1-9‘5®, 
the differences being probably duo to tho 
presence of tho two sterooisomoridcs m varying . 
proportions (Schulzo and Bosshard, Ber. 1885, 
18, 390; Scllicr, Chom. Zentr. 1904, i. 789; 
Schulze, Ber. 1900, 39, 2932 ; Landw. Vci'suchs.- 
Stat. 1900. 65, 237). SchuLo and* Trier (Ber. 
1912, 46, 257) found that a 4 p.c. acjucouH solu¬ 
tion of glutamine, obtained from its purified 
copper salt, has to+7 '; a 7-8 p.c. 

acid solution (5 p.c. hydrochloric; acid) has. 

1° to -i-32®: comjiare Pellet (Chem. Zentr. 
1911, 1, 1706, from Zcitsch. Zuckcrind. Bohm, 
35 , 437), who recommends estimating the rota¬ 
tion in hydi’ochloric acid solution. 

The estimation of glutamine is best (;lfocted by 
Schlosing’s method (Schulze, -J. pr. (Ihcm. 1885, 
[2] 31, 233), as tho —CO'NHj group is com¬ 
pletely hydrolysed when distilled with magnesia 
under the ordinary pressure, but if the pre.S8ure ; 
be reduced sufficiontly to cause the solution to 
boil at 40®, hydrolysis does not take place, and 
under these conditions ammonium salts may be 
completely removed (SelUer,,Bnll. Soc. cnim. 
Suer, Dist. 1907, 26, 124 ; Schuizo, Landw. 


VerBuohs.-Stat, 1906, 66, 237). For the oata* 
holism of glutamine in the organism, see Thier* 
feider and Shorwin (Zeitech. physiol. Chem. 
1915, 94, 1); also Sherwin, Wolf and Wolf 
(J. Biol. Chem. 1919, 37, 113). 

Owing to tho feebly acidic character of 
glutamine, very few salts have been isolated: 
tho copper derivative, Cu(OjHbOjN|)|, forms 
bluish violet crystals, tho cadmium derivative, 
(^((■jHsOaNo)^, forms line prisma; and is de¬ 
composed by boiling water. Glutamine forms a 
compoiDul with tartaric acid, that separates in 
largo tran.sparont crystals (Schuizo and Godet, 
i^andw. Versuehs.-Stat. 11K)7, 07, 313). Phenyl- 
ucetylglutamino has [a|j)™18° in 2-4 p.c. 
aqueous solution ; the spoeitic rotation decreases 
111 hydrochloric acid solution (Thicrfoldor and 
SboTwin,/.r.). Fora description of dipeptides 
ami tripoptides containing glutamine, soe Thior- 
folder and von Cramm (Zcitsch. physiol, CTiem. 
1919, 105, 58); also Abderhaldcn and Spinner 
(Zcitsch. jihyaiol. (Uverii. 1919, 107, 1). 

By the action of alcoholic ammonia on the 
ester of d- or bglutainic acid, tho amide of the 
corresponding jiyrrohdonccarboxylic acid is 
formed ; those arc called (jlutimides by Mcnozzi 
and A}tpiaui, and the <lcxtro- and Icevo-rotatory 
and t he raoomic variety are described. 

(lll/(dL 

tZ-Gluiimide I 

00-NH-^ 

ervstallises in ncodloH belonging to the. nnorthic 
sy’Htcm, a:6:c--=r403;l;l*421, ^-=80*60®; it 
has m.p. 105®, and [ali)"h4l*29". l-Oluiimide hsJi 
[ttlj,—40”, and has tho same melting-point and 
other projiertios as its doxtro-iaomerido. 
r-(jlutimido is formed when Z-glutimide is hosted 
vvitli alcoholic ammonia at 140®-160®, or alone 
at 200°; it has m.p. 214®, and crystallises in 
tho orthofthoinbio system, a ; & : c=0*8863 : 1 
0*3800 (Mcnozzi and Appiani, Atti. R. Aecod. 
Line. 7, i. 33 ; (Jazz. chim. ital. 1894, 24, i. 370). 

M. A. W. 

GLUTANIC ACID, a-hjdroxygluiaric acid, is 
formed whe,n nitrous acid reacts with glutamic 
acid (Markownikoff, Annalen, 1870, 182, 347) ; 
it occurs in molasses, and was isolated in the 
form of tho zinc salt from the ethereal extract of 
the product of tho action of dilute nitric acid 
at 70® on casein (Habcrraann and Ehrenfold, 
Zcitsch, phy'siol. (Jhera. 1902, 35, 231). The 
zi/ic mil CsH.OjZn.SHjO and the magnesium 
Halt C6H5()5Mg,4H2G arc well defined 
(Markownikoff, l.c.). Tho free acid has not 
been isolated, but forms butyrolactone-y-car- 
CK.CH.s 

boxylic acid 1 ^CH'COaH, m.p. 49®-60®, 

00—0—/ 

when an aqueous solution is evaporated at 100®, 
and tho resulting syrup allowed to crystaUise 
over sulphuric acid. 

Ktiylbutyrolastonecarboxylate 

I NOH-COjEt, 

(io—0-/ 

prepared by the action of epichlorhydrin on . 
ethyl8odiomalonat.c, is a colourleeB oil, b.p. 
l76®/25 mm. (Traube and Lehmann, Ber. 1901, 
34, 1971). 

Natural (f glutamic acid is converted 
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nitrous acid into Z a liydroxy^lularic acid, which 
has a very nniaU Ijcvo-rotation. 'I he sorfiwni salt 
has S'fin ' Nitnisyl ehliride transforms 

f-a-hydroxy^dutaric acid into Z-a-chloi’oglutaric 
acid, m.p. U!!' (corr.), —]2iV\ and this 
yields d a-liydro\y^lutaric acid [a]*^’’ 
(Ki'-clicraiid Morcschl, IJcr. l!H2,40,2447). Thi.‘ 
Uoildcn iiiv'crsiDn in the caso of a-hydi'oxy- 
^liitanc acid and its dcnvativi's, IniH lu'cn 
examined hy Karnr and Kaaso (Helv. ('him. 
Acta, ISd!), 2, 4:Ui). M. A. W. 

GLUTARIC ACID (dH^O,. (JUitaiic acid 
and its alkyl dcnvalices, when heated, Incak 
down into anhydrides and watiT. d’lie anhy¬ 
drides roailily yield anilie acids, froni wliieh 
amis can he oiitained liy the withdrawHl of 
water (Anwers, Oswald, and Thorpe, Auiialen, 
285, 221)). 'riie glutarie acids r<‘seml>le the 
succinic acids jn llieii' reactions, but, they are 
not so volatile, in Hteani, and not so naidily 
changed to anliydndes hy acelylehloiide, 

(Hahin'c (1(1(1, Noriiktil Piii'oldilnnt) ((ad. 
oo,U[(’ii„iy(:o.ii 

KouikI in (laueasian najilitha (Murkownikow, 
Rrr. 181)7. 1)47). in lioct-root (Uippniann, ibid, 
I521HI). und in the wash-water irom raw 
shi'cp wool. !’n'])ari*d by oxidising fats 
(Bouvoault, hull. Sue. elnni. 11). |!)1 r>()2), stearic 
and oleie acids (Oandti', thid. 4f), 1)5) or sehaeic 
acid ((’arette. ihid. 45 , 27(1), with intrio aeul ; 
hy treating 1 • ll-cheyanopropaiio with liydto- 
chloric acid (Heboul, Ann. tlhim. 14, [5| 14, 
r>()l ; Miit'kownikow, Antialen. 182. IMl): by 
treating /j-hydioxyglulane acid with hydnodie 
acid at 1st)" (IVchnianii and JeiiLseli, Her. IHDI, 
.3252); by thi' action of baryta on etliyl jiciitaiic- 
hoxacarhoxylate (liottoinley ami Perkin, (diem. 
Soc. 'I'luns. IDOi). .300); by treating (thylj 
nialonato witli rnoOiylene olduride. hydrolysing | 
the product witli eauatic potash and heating the , 
dicarboxylglulai 10 acid tlius formed to 200''’; 
(Connid and Outlizeit, Aunalen. 222. 2.57 ; 
iVrkin, Her. ISSli, 105.')); by condensing 
othylModiotnahmute with formahlohydo in the 
presence td a ktouII quantity of piperidine or ■ 
iliethylaimne, uml heating t.ln^ metliylene di- 
nuiloiiie ai itl thus formed with hydrochloric acid 
(Knoevonagcl, Pel'. 181)4, 2241)}; by tin' ('lecLro- 
lysis of Cipial quantities cif llie potassium salts 
of the methyl hydrogen succinate and malo- 
nato (Vair/.etti and Coppadro. (’hem. Zentr. 
1004, i. 1254: 1002. n. 1052); by treating 
hydroroson-m with sodium hyjiobroiuite (Vbr- 
lander and Kohlmanu, Ih'r. JKOO, 1878); hy 
treating eyclopentanone with nitric acid (Wisli- 
conuR, Annalen, 275, 218) or with acetic anhy¬ 
dride, and sul)so(|in'Utly with ])otas,siuni jic'r- 
manganate (Mannich and Haneu, Uer. 1008, 
672); hy the action of nitric acid on methyl- 
cyelopentane (Markownikow, Ihd. 11HH», 1008), 
or on evclopcntane (.Markowivkow, ddd^ 1807. 
075); l)y Iroating aacitoglutarie ester willi 
conc'entrated potash (N’orhinder and Knbt/.sch. 
Annalen, 204. 3la: Wisheenus and Liinpaeh. 
(hid, 102, 12S); hy treating glulaeonie acid 
with sodium amalgam (Ck)urad and (luthzeit, 
ibid. 222, 254); by the oxiilation of piperidine 
with hydrogen peroxide (Wolffenstein, Bor. 
1802, 2777). 

Ulutaric acid crystallises in large muuoulmic 


plato.H, m.p. 07'5'’; lOO c.c. of water diHsolvo 
' 42*0 party of acid at 0'^, 03*9 at 20'^', and 95'7 
at 50” (Lamouroux, (lompt. rend. 128, 908); 

I readily soluble in alcohol and ether. It oon- 
deu.ses witli aldeliydes to form Hulwtitutod 
ghitaric acids (Fittig and Koi'del, Annalen, 282, 
224, 228, 244 ; Knoevenagel, Bor. 1894, 2340) ; 
electrolysis of tlie jiotiissmm salt of tlie mono- 
(ithyl ester gives rise to the diethyl ester of 
suberic acid (Brown and Walker, Annalen, 201, 

' 110). By heating glutanc acid at 230“-280®, 

; or by 1 reating the silvi'r salt with aeetyl chloride, 

\ ijlHlanr. uHlii/dadc, m p. 5tP’-57’\ is produced 
! (Ficliter a^id Hi'ibrand, Ber. 1800, 1103). When 
I treated witli aliuninium amalgam, the anhydride 
IS eonverted into a nnxturo of glutaric and 8- 
hydroxyvaleric acids, the latter of which readily 
i (4iarigcs into 8-hydroxyvaleroiactono (Fichter 
i and Beisswcngcr, Ber. 1002, 1200) 

'File i(ntiil/ii/l eshr of (/latauc and is a colour¬ 
less iKjind, I).]). 212'5 ' 214' (751 mm.), sp.gr. 

; 1'00227 ir)‘’/4'’(Meerburg, Kee. trac. chim. 1890, 
2()7) ; the ditUij/l f<(tcr bods at 220‘r)"-227” (eorr.), 

; and has sfi.gr. i'0284 at 15" {Perkin, (Ihom. Soc. 
'Frans. 1888, 507). 

'Die three ])ossiblo isomerides of glutaric 
; acid are all known anil are deserihed below. 

I VnroUtiiarn' ncid. Meiliiihticaiiic ncid ((Jcr. 

i BraizinciKsaMn ; MdhijIhcrn.ddn'^aiiK') 

tU),ll-(’H(tlHj) OHa't’O.U 

Obtuini'd from smut (Bni'-ine, dompt. rend. 107, 
7851). Prepared by I4ie dry distillation of 
tartaric, rneerme, or jiynivie aeuls (Fourcroy 
and Van'iPolin, Ann. ( him. 25, (i.) 101; 04, 
42; Wold, Annalen, 217, 22; B^cliamj), 
Zeitscli. (’lu'm. 1870, 271 ; Bourgoin, Ann. 
('Inm. 12. [5] 410); by lieatmg jiyruvie acid 
with liydroclilorx’ acid (Woltl, /.r. ; Jong, 
Bee, trav. chiin. 21, 101); by the redu<'tion of 
eitru-, ita-, or mesaeonic acids with sodium 
amalgam (KeknF*, Annalen, Spl. 1, 238 ; Snl. 2, 
05); by tlie reduction of the aniiydride of 
citraconu' acid wnth liydrogen in tdu' presence of 
nicki 1. when pyrotarlano acid and its anhydride 
are jinidnced (Eijkrnan, (Tern. Zentr. 1907, i. 
1017) ; l\y treating ^ eyanohutyric acid with 
caustic jiotiush (Wisliceiuis, Annalen, 105, 93; 
Btedt and Kallen, ibid. 202, 250) ; by fusing 
gambogi' with cuustn-. alkali (Hlasiwetz and 
Baith, ibid. 128, 73); by treating aldohydoiTio* 
butyric acid with nitric acid (Porkm and 
Sprankling.’Chem. Soc. Trans. 1890,10: Bisehoff 
and Kuhlberg, Bor. 1800, 034) ; by tho inter¬ 
action of ethylsodiomalonat-e with ethylbrom- 
propionate and Biibsoquent boiling with hydro¬ 
chloric acid (Bone and iSprankling, (Ihcin. Roc. 
Trans. 1805), 848); by the interaction of ethyl- 
sodiomothylmalonate and ethylchloracetate or 
; of othylsodiocthcnyltricarboxylate and methyl- 
! iodide, and suksequcntly hytlrolysing the ester 
I of methylethenyltricarboxyiie acid thus formed 
(Bischofl and Kuhlberg, l.c.) ■, by treating 
ethyldibromomethylacetoacelate with eoiioen- 
trated potash and subsequently with sulphuric 
acid (Dloe/, (.5ompt. rend. 110, 583); by treating 
calcium lactate with potasaium permanganate, 
when calcium pjTotarirato is produced (Wiegand, 
Ber. 1884, 840). 

Pyrotartaric acid crystolliHos in triclinio 
prisms, in.p. U7®-118® (Ladonburg), U2® 
(Perkin). Solublq in water, alcohol, and etlieTi 
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By heating pyrotartaric acid, willi dilute sul¬ 
phuric acid at 160'^, acetaldehyde and formic 
acid are produced (Wiegand, Lc.); by oon- 
denaation with acetaldehyde, bonzaldehyde, &o., 
substituted paraconic acids are produced (Fittig, 
Annalcn,255 ; 108,120,257); with salicaldehyde 
coumariupropionic acid is produced (Fittig and 
Brown, ibid. 255, 285). Mothylthiophen is 
produced by the distillation of the sodium salt 
with phosphorus pontasuljiliide. l^yrotarlaric 
acid cpntain.s an aHyinmetric carbon atom, and 
it has been rc.solved into its two optically 
active antipodes by mcaiiH of tlie ^'actional 
crystallisation of its strychnine salt (Ladenburg, 
Ber, 1805, 1170; 1800, 1254; Annalen, 8(34, 
227). 

Pijrotarfaric anhydride is obtained by licating 
the acid above 200^, or by treating th(> acid witli 
acetylchlorido (Perkin, (Oicin. Soc. Trans. 1888, 
504; Fichtcr and Jferbrand, Her. 180(5, 1108); 
m.p. 8l'5'‘-82'^; b.p. 247*4^ (corr.). sp.gr. 15'7L^>‘^- 
I'2878. By reduction with hydrogen in the 

f ircsence of nicki;], the anhydride yields butyro- 
actonc (Eijkman, (Oicin. Zontr. 1007. i. 1(517), 
and with sodium amalgam and hydrochloric acid, 
a-mcthylbutyrolactono (Ficlitcr and llcr- 
brand, Lc.). 

The dimethyl c.sfcr of pyrolarlarir acid is a 
oolourlesH oil, b.[). 107 ; and the didhyl c&icr 
boils at 217 5-218 5 ’. 

DimcIhyliMlniiic acid, ^-hopifiolariauc ueid 
ObtaiiK'd by the oxida- 
tion of fcnciionc with nitne acMci ((hirdner and 
(Jockburn, (Ihem. tS<H*. Trans. 1808, 708); by 
the o.yidtvtion of phoronic acid with nitnc' acid 
or with jiotassium jicrinangatiate in alkaline 
solution (Pinner, Her. 1882, 585; Anschutz, 
ibid. 1808, 827 ; Anseliutz and Waiter, Annalen, 
3(38, 05); by the o.vidaiion of lilieinie acid, ob¬ 
tained from filicin, which is o.vtracted from 
Filix man (male fern) (Boehm, (’hem. Zentr. 
180(3, ii. 103(3; Daeeornu, Gazz. chim. ital. 24, 1, 
^ 517) ; by the oxidation of camphor with nitric 
acid (Bredt, Ber. 1804, 2003). I’ronared by 
treating a-cyani.sobutyrie acid with hydro¬ 
chloric acid (Markowmkow, Annalen, 182, 83(5) ; 
by heating 5 : 5-dimctliyli>arbituriu acid with 
caustic potash (Conrad and Gutli/.cit, Ber. 1881, 
1044); by the oxidation r)f aa-dimcthylglut- 
aconic acid with potassium permanganate. 
(Henrich, Ber. 1800, 070; Perkin, Chom. Soc. 
Trans. 1002, 255). 

Uimothylmalonic acid is best obtained pure 
from its zinc salt; m.p. 100“ (Perkin, Chem. Soc . 
Trans. 1003, 1237), 102“-103® (Konigs and 
Horlin, Ber. 1803, 2040); sparingly soluble m 
water and alcohol, readily soluble in ether ; 
decomposes on heating into carbon dioxide 
and isobutyric acid. I>imethylmalonylchloride 
yields a duodocimolecular anhj'dndo on treat¬ 
ment with aqueous pyridine ; it is an amorphous 
white powder, m.p. 145“—148“ (Einhorn, Annalen, 
359, 169). Dimethylmalonomtrilc is prepared by 
treating dimethylcyaiiacctamidc with phosphoric 
oxide or phosphorus pentachlorid-o (Hesse, 
Annalen, 18, 723 ; Errera and Berti, Gazz. chim. 
ital. 2(3, ii. 224), m.p. 32“, b.p. 162'5“. l)i- 
^nethylrnalonamide is prepared from the methyl 
ester and concentrated aqueous ammonia 
(Perkin, Chem. Soc. Trans. 1903, 1242 ; Thorne, 
ibid. 1881, 545); from the ethyl ester and alco 
hollo ammonia (Fischer and Dilthey, Ber. 1902. 


851, 855); from diinethylmalonylohlorido and 
concentrated aqueous ammonia (Moyer, Bor. 
1906, 198), m.p. 269“ (corr.) (Porkin). Tho 
dimeikyl ester is a colourless liquid, b.p. 177“- 
178“ (753 mm.); tho diethyl ester boils at 194'6“. 
Tho latter may bo obtained by troating tho ester 
of dimothylcyanacetic acid with sulphuric acid : 
on treatment, wdtrli alkali and urea, dimethyl- 
harbituri(! acid is obtained (Merck, (.5hem. Zentr. 
HN).5, ii. 1141 ; D. U. J‘. 1(532(H)). The diethyl 
ester i.'f viimethylinafonic acid cfuidensi's with 
bromi.vobutyric ester in tho ])r(‘sencc of zinc to 
form the osti^r of tetramethylacetoncdicar- 
boxylie acid (Shdanowitsch, ('hem. Zentr. 1907, 
i. 5*19). 'riio potiussmm salt of tho monoothyl 
CBt(‘r is converted by electrolysis into tho diethyl 
e.stcr of tetraniethylsuccinh^ acid (Brown and 
Walker, Annalen, 274, 48). 

Kthylmalonic acid. Jsopyrotartaric acid 

(ti,-ch,-uii((;g,ii)2 

Prepared by boiling tho ethyl cyter of a-cyano- 
butync ucid with pobush (Wislu'cnus and Uroch, 
Annalen, 1(55, 93 ; Tuoplcw, ibid. 171, 243 ; 
Murkowmkow, dm/. 182,329); the diethyl ester 
IS ])r(>duci'd by treating ethyl inalonato with 
sodium or zinc and ethyl iodide (Daimler, ibid. 
249, 174 ; iSchukowsky, Chem. Soc. Abstr. 1888, 
1179 ; Schey, Rchi. trav. ciiim. 16, 3513; Michael, 

J. pr. Chem! 72, [2] 587). (h-ystalliscH in rhombio 
prisms, m.p. 111*5“; readily soluble m water, 
alcoliol, and other; dcciomiioses on heating into 
butyric acid and carbon dioxide. 

Fill I/I lUdlononitnle is iirepurcd from ©tliyl- 
cyanacctamide and phosphorus pcntachlorido ; 
it is a colourless oil, b.]). 200''' (Hcsslcr, Annalen, 
1899, 1(59 ; Henry, J. 1889,637). FthylmaloJi,- 
amide is prejiarod by the action of sodium 
ethoxide and ethyl iodide on malonamido(Moyor, 
Monatah. 28, 1 ; Conrad and Schulze, lier. 1009, 
730); by tjeating the diethyl ester with concen¬ 
trated aqueous ammonia (Freund and Gold¬ 
smith, ibid. 1888, 1245) ; m.p. 214“. The 
diethyl cMer boils at 207“ ; when the sodium 
derivative of this ester is ccuidensed with 
ethylhrommalonatc in alcoholic solution, tho 
elhVl ester of elhylcnci(;lracarl)Oxylic acid .is 
produced (Bischofi, Ber. 189(5, 1514). 

GLUTEN. Whoai(‘n flour <li(Ter8 from that 
of all other cereals in that after it haJH been made 
into a dough with a little water, it is possilile to 
i wash out the starch, leaving a sticky adhesive 
brown or greyish-brown residue whicli consists 
' mainly of protein. This is crude gluten : on 
drying it in a waicr-oven, a hard, brittle horny 
mass, not unlike glue, rouilts, which has lost its 
power of becoming plastic when wetted, and 
strongly adhcrt« to tiio sul^sianco on which it 
rests. At a higher tcimicrature, tho wet gluten 
expands greatly until the expansivo force 
, ruptures its vesicles. 

Tho flour of other ccTcals wlicii washed in a 
aiinilirt' way ent#rcly disintegrates, leaving no 
^ protein residue. Tlie physical properties of 
wheal (“11 dough dcjwnd almost entirely on the 
gluten, w’hicli acta as a mechanical agency for 
binding the particles of starch and for entangling 
the carbon dioxide gas produced by the ferment©- 
; tion : in the oven, this gas expands, causing the 
; dough to rise and the gluten to remain distended 
unUi the heat fixes it. 

' Crude gluten varies in colour from grey to 
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brown. BeBides protein, it contains traces of 
starch, tibro, choiosterol, fat, and a small 
proportion of mineral matter. It is insoluble 
in tap water, strong alcohol, and ether, but dis¬ 
solves partly in distilled water, in dilute alkalis 
and ttion* slowly in dilute acids. 

(•lutcin, after treatment with dilute acids or 
salts, lias some diiistatic action, which the 
freshly ])repar(ui gluten lacks (Rcyelilcr, lier. 
18S1>, 22, 41'1 ; nc.r aluo IbikiT, J. iSoc. ('hem. 
Irid. 1!)08, 21). 

'I'lie quantity of gluten in wheaten flour 
varies eonsid(Tably acciording to its race and the 
country in which it was grown, further, tlic 
best patmit Hour, milled from the cmitrc of 
the grain, contiuns slightly less gluten tlian the 
houseliolds flour from the outer layers of th<^ 
same grain. 

fSjxtuUing very generally, the projiortiim of 
gluten varii'.s from H to 1.^) p e.,tliougli exei'ptional 
flours may lun'i' either less or inor<‘. than tins 
amount. I'higlish Hours as a class havi' aliout 
10 p.o. or less gluten, ('anadiaii and Americiin 
spring wlieat Hours, r.|'/. the so-called No. 1 
Manilioba, eontam 111 ]).e. aii<l ujiwanls. The 
strenglli of a Hour depends, iiowever, not so 
luueli on {lie quantiiy of glutim jiresent as on 
its ((imlity. A gluten, though present in .sufis- 
faetory (jnantity, may lie too tough, or liard and 
brittle, or it may be too elaslic and have no 
power of retaining tlie gas in its pores, 

(lluton I’oiisistH mainly of two jiroteins, 
{fhaiiui and ijliifnim, both of wliieh are essential 
tor its formation. The gluidin forms a stieUy 
network whieli entangles the gluteimi to make a, 
compact mass. 'J’lie pivseiu'c of soluble salts, 
i.r. elec'trolytes, is also essential, hut Ibe niineral 
oonatituenf-s of th(‘ flour are siifliruMit for tins 
purpose. Jti distilled water, gluten jiurtly 
aiBSolvos, the Hemi-tliiid residue luvving no 
tenacity. Jhiro gluten lias of itsi*lf neiilu'i’ 
ductility nor tcmieit.y, and the ]il\ysieui pro¬ 
perties like those of other colloidal 'sukstiuieeH 
depend utiun the electrolyti's pri'sent in the 
dough, 

Th(‘ researches of ^Voo(l and Hardy (Wood, 
J., Agrie. ISei. 1H07. 2, KIH, 2(17; Wood and 
Hardy, ?roe. Roy. Soe. RHM), R, Hi, US; Sum¬ 
mary liy Hardy, Rrit. Assoc. Report, Winnipeg, 
llKHl) have shown that any salt confeis eoliesion 
upon gluten; any acid or alkali, wlion sutliciently 
dilute, lessens or destroj's it. (.'Juti'ii whic h has 
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lost cohesion owing to tho action of an acid, 
may be rendered conorent again by tho addition 
of salt. There is a definite relation between the 


concentration of the acid and the amount of salt 
required to undo its action. As the concentra- 
I tion of the acid is increased, the amount of salt 
; needed to maintain cohesion rises to a maximum, 
and thonee falls unfH a point is reached when the 
acid alone is sufficient. The curve shows the 
concentratitin of salt and acid needed just to 
preserve cohesion: it encloses an area of no 
(cohesion, whilst outside it is a region of cohesion. 
The areas reyire^ent continuous changes os is 
churautenslic of eoiloidal matter : a lino inclined 
upwards follows a system in which there is 
eont imial sejiaration of water and gluten ; in 
oon.s(‘(|iidfieo the water-holding power of the 
protein becomes less and less, the tonaoity 
grows, and the ductility diminishes. 

Upf^nn and ('alvin (J. Amer. Chom. Soc. 
1H1.7, H7, I2‘.ir)-i;?04) have shown that moist 
gluten absorliH water from acid solutions in 
(liiantity varying with the nature and con- 
eentraiion of the acid. Tlu; pr<-sonco of neutral 
salts retards the absorption of water, and in 
liigli coneiMitrations may even cause a loss of 
water from moist gluten, if gluten which has 
n!>Borl)ed w’ater in an acid solution be trans¬ 
ferred to a salt soluttion it bisoH water and 
n'gains its original physical properties. Non- 
eleeirolytes an* much Ie.sH elfeetive than electro- 
I lytes 111 inhibiting the swelling of gluten in 
acid solutioiis. 

fn prai’tico, the water-holding capacity, or 
h}/'!i<i1iori rutto, of gliiUui is of considerable 
Higndieance, It is iiK'asun'd by tlic ratio of tho 
weight n( tho wet gluten immediately after 
extraetion under carefully 8taiidai'disc‘<f condi¬ 
tions to its weiglit after drying. On the 
average, it is about : 1 ; that is, gluten carries 
about twice its weight, of water. ]t varies from 
2 ’5 in strong Houi’s to abovi' li in very weak 
Hours. 

The ratio of gliadin t.o glulenin in different 
wheats is not eonstant. It apiioars to be about 
no )).e. Aectu’ding to Shut.t (J. Soc, Gbom. Ind. 
1009, 28, .TU)), there is a ndationship between 
tho maturity of tlic grain and the gliadin 
content, tho more fully ripened wheat con- 
, taiiiing the higher proportion. 

! (duten may be estimated in flour as follows : 
; no grams of Hour are made into a dough with 
i from 12 to 15 e.c. of water, and act a^ide for an 
hour. The dough is then worked between tho 
1 lingers in a stream of running water to wash out 
' the starch,'being held over a muslin screen, so 
; that any particles which arc dropped can be 
! recovered. Rinally tho gluten is worked 
vigorously between tho fingers to remove the 
bxat traces of starch. With practice tho washing 
can be earned out so as to occupy always the 
same time. The ball of gluten is then placed 
; under water for an hour. It is next freea from 
I excess of moisture by working between the 
I hands and wiping off excess of water until the 
moment when tiie ball begins to stick : it is then 
nmiovod to a little square of parchment paper, 
weighed, and dried for at least 24 hours at 100®. 
The ratio of the w»t and dry weights gives the 
hydration ratio. Considerable information ae 
to the strength of the gluten is gained by the 
feel both of tlic dough and of tho gluten between 
the fingers. The method, though empirical, 
gives with practice very trustworthy rosmte. 

Marcha^er_^d Goujon (J. PhariZL Ohinu 
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1914, vii. 10, 191-202) have shown that the 
abnormal diminution in the percentage of 
coagulable gluten^ in wheat tiour produced by 
mixing it with flour from buckwheat, barley, 
rice, maize, &-c., is alao produced by the ad¬ 
mixture of inorganic substances, such us 
powdered talc, magne.sia, or silica. 'J’his i» 
not due to a variation in th(i ratio gliadin to 
glutenin, but to a variation in tlie sum of 
these two. 

(.icrmination, milling, ])reservation of the 
flour either in a moi.st state or in a Immid atmo- 
suliore, and unfavourable meteorolo>»-al con¬ 
ditions during the growtli of the coi-n. jiroducc 
a similar diminution in the jiciccntugc oi coagul- | 
able gluten, due in this case to the coiucivion | 
of glutenin into gliadin or vice rci.'d It i.s i 
suggested that tlie diminution in all tlicsc cases 
is due to a rise in the acidity ot the Hour under 
tlio (ionditions nanu'd. tlie coagulation of gluti'n 
being materially luiid<‘jcd Ity a very sliglit rise 
in the acidity. 

It was at ou(‘ time customary to li'st the 
quality of the gluten in an alucrometer. The 
wet gluten was jilaced in a tul>c provided wntli 
a piston, heated to a deli nit c temperature (150 ), 
and the amount ot expansion read otl. 'I’lii.s 
tost is of very little value. 

As a cheek on the gluten estimation, the total 
nitrogen may bo determined by Kjoldahl's 
method in the flour and in tiie erude dry 
gluton, and multiplied liy Tr? to express it as 
protein. 

Gluten in the form of a light-brown powtler, 
dried at a low temperaturi', is a eommereial 
roduct, being usetl for the mamifaeture of 
read and biscuits for diabetic patu'nt.s ; it 
usually contains from II to Ti ji.c. slareli, and 
Rometimes a gieat deal nujre, and should yield 
a very tough eliustic! dougli W’lien wetted. 

In the commercial process the Hour is made 
into a .stilT dough, placed in open kneading 
machines, and kneaded witli water. The starch 
goes into suspension, tlio starch milk being 
strained off periodically until gluten alone 
remain.s in the inui:l)ine. 

The open kneading machino most u.sed for 
the process consists of a trough in which two 
kneading arras work in oppixsile directions. 

In (^rinany whoaten starch factories are 
often run directly in connection with a bakery. 

The fl^our is kneaded out us desfribed and 
00-76 p.c. pure ftarch obtaineu. The glutinous 
residues are then used for baking. i 

Westrup (Kng. Pats. 402H, 1008; 8337,1900) I 
proposes to test the strength of flours by making j 
a ball of 15 grams flour and 7'5 grams of water, ; 
and placing this under a dine of plate gla-ss, j 
3^ inches in diameter. A 2(-l0-gram weight is 1 
put on the glass for 3U miuute.s. The dough is 
pressed out, and, after hardening for 24 liours, 
the circumference of the fiattemod cake is 
measured by rolling it along a scale. Different 
flours arc flattened to different extents. 

Baine (Eng. Pat. 14770, 1^9) puts a dough 
of standard proportions into a cylinder provided 
with a piston. As the dough rises, the piston is 
pushed up, an arresting mechanism prevents it 
aropping from the highest point reached, which 
can M road off later. 

Neither of these methods Appears to be of 
much practical value. 


Glladtn. Wheat gluten was first separated 
into two constituents in 1819 by Taddoi, who 
termed the alcohol soluble protein gliadin. 
Subsequently, Kitthaiison thought gliadin to 
consist of three different proteins, but tho 
researehtw of Osborne and otnors have made it 
clear that only one alcohol-soluble protein is 
prcscMit in wheat. 

The alcohol-Hiilublc protein of is ap¬ 
parently identical with that of wheat, and is 
tliciH'fon' also tiTim'd gliadin. Oilier alcohol- 
.solublc cental proteins aie tlu‘ bordein of barley 
and zeiii of maizi*; tlioso. however, are quite 
diffiTcnt from gliadm. Osborne lias proposed 
to call Ibis gr(iu|i p/ofutn./i/'i. 

T'be sohiliility ol gliadin is a ma.ximum ill 
70 pc. <‘thyl alcohol -it is nearly insoluble in 
water and in absolute alculiol. When de¬ 
hydrated with absolute ulcijhol and drlial over 
sulphuric acid, gliadin is obtaitu'il as a colourlesH 
friable Hubstaiice. As precipitated from dilute 
alcohol or water and dried, it is amorphous and 
transpanmt, Homewhat ri'siunbling gelatin, but 
it is more biiltle. It turns M'w.ky with distilled 
water, and juirt dissolvi’S, still more being dis¬ 
solved on boiling. The addition of tho smallest 
quantity of a mineral salt immediately precipi¬ 
tates it com])letely, eitlior from aqueous or 
dilute alcoholio solution. Tho salts with acids 
or alkalis are freely soluble m water. They 
are precipitated unchanged on neutralisation. 

(lliadin may bo e.xiraeted both from gluten 
and from Hour with 70 p.c. alcohol. The residue 
will no longer form a ilmigh when wetted with 
wati'r. 

(diadin has tho composition 0 -•52’72 p.c., 
H- (i'8H ]).<•, N I7‘()(i p.c., S-1'03 p.c., 
0 - 21 '711 j).c., and gives 67118 culorios jier gram 
on comlmstion (llenodict and Osborne, J. Biol. 
Oiicm. 1907. II, 119). The sjiociflo rotation in 
70 p.c. alcraiol is --92" (Mathowson, J. Amer. 
('hem. Soc. 190H, 28, 1482) : th(^ same author 
lias determined tJie I'utatory power in a number 
of solvents, 

'I'lie total nitrogen, 17 (i() p.c., is distributed 
as follows : as ammonia 4'I1I1 p.c., basic 109 p.c., 
non-basio 12'17 p.c. 

Osborne and (Hajip (Amer. J. Ph 5 ' 8 iol. lOOfl, 
17, 231) have madi^ a very careful determination 
of tlio products of hydrolysis of gliadin {see also 
Abderhalden and Summdy, Zeitsch. physiol. 
Ohem. 190.'), 44, 270). Their figures are as 


follows : — 

Glycine 

p.c. 

absent 

Ty'TOsinc 

p.o. 

1'20 

Alanine 

2'00 j 

Cystine 

0*46 

Valino 

0-21 i 

I^ysino , 

absent 

Leucine 

5-61 ! 

Histidine 

O'Ol 

Proline 

7-06 1 

Arginine 

3'10 

Phenylalanine 

2'35 ' 

Ammonia . 

611 

Aspartic acid 

0'58 j 

Tryptophan 

present 

Glutamic acid 37'33 i 



Serine 

0-13 ' 

Total 

86-80 


The striking points in the composition are 
tho absence of glycino and lysine and the small 
proportion of basic amino acids, the very large 
quantity of glutamic acid and the high propor¬ 
tion of ammonia and proline. 

About 60 p.c. of the total sulphur in gliadin 
is converted into sulphide on boiling with sodium 
hydroxide. 
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Glutenin. TIk' socnml protein of gluten is ' 
charactoriHiMl ))V I't'ing insoluble in water, saline , 
«olutionH, and’alcoliol, and remains after ex* ! 
hauHtivo treatment of gluten with tlu^e three I 
solvents. Wixm freshly prepared, it is Holubic | 
in Od p.c. |Hitassiuin hydroxide and 0'2 p.e. : 
hvdroehlone and, and also in very dilute sodium 
eafl)oiiate ami ammonia. After drying over 
Hulphuiie acul. it forms an amorphous greyish- 
brown powdiu’ somewhati h‘ss soluble in thos(‘ 
reagents. It is preeipilated on neutralisation, 
'riie only ofher eeri'al ]»rotein deserilied, similar 
to glutiiin, is the orv/.onin of nee (Kosenheiin 
and Kajmra, .1- IMivslol. 3(5, liv ). although : 
itiflis probable, that ot her seeils contain sinulai 
pl^oteins, ()sh(>rne groujis Lln'se as <ilidrhii-'i. 

(llulenin lias ilie eoniposition. (• r>2 34 ji.e. 

lb-()'K:i pe.. N )7-49 p.e. S^-l'OH p.e. 

0 -22’2(5pe ; heat of eombustion 5704 calories 

(Hem'diet. and Osborm-. d, Uiol. (’hem. l!>07. 3 
1 M>). 'J’lu^ nitrogen is dislrihutcil as follows: 
ammonia, 3‘30 p.e ; leisie, 2 05 ]).e. ; non- 
basie, 11 •05 ii.e. 

According to Oshorne and Clapp, the products 
of hydrolyniH are : 


combination with fatty acids in all fatty oih and 
fate. Glycerin was discovered by Schcele, 
wlien preparing lead plaster from olive oil, and 
was termed by him ‘ principhm duke. Ibe 
fatty oils and fats may be regarded as salts 
formed l)y the combination of fatty acids and 
givccrol, witli the loss of three molecules of water, 
(ilvccrol licing a trihydrie alcoliol, and coneo- 
(lucntlv licbiiving like'a trihydrie base, is able to 
conilMi'ic with tlirco radicles of fatty acids, as is 
c^nressed by tlic following ciiuation, in which 
K represents tlio acid radicle of any fatty 
acid: (•. 


/O-ir 


(',,11/(i-it+,'iR'()H.c-(k,H5(^0-R + 3H,0 

-o-ii \o.R 

This eiiuution, when road from right to left, 
symbolises the proce.ss of saponification of fats, 
a’nd expresses th(> fad, that by the addition of 
water (under sintable rondition.s) to the neutral 
glvcendes, tlu* latter are ivsolved into three 
niMloeiiles of fatly aeiils and one molecule of 
glycerol (wc Sai-o’njfication). From the right 
side of the eijuation it follows that glycerol does 
not exist as such in tlio fatty oils and fats, but 
that it iH fonru'd by the assimilation of throe 
molecules of water. Hence the sum of the 
1 weight of the fatty acids and glyccrol is always 
: greater than the weight of the original fat 
mnploved. The excesH over 100 p.c. may be 
gat-hervd fi'oin the following table by adding up 
(he numbers given in column 4, and deducting 
, 10(1 from tliat sum (.see column 5). 

Owing to this complete analogy between the 
formation of a tribiisie salt and a triglyceride. 
: the natural triglyoeriih's are also termed 
: ‘ lu'utrul gh’cyl esters.’ 

'riie triglyeerides of t1n> rno.st frequentlj 
ocouiTing fat ty acids are collated in the follow 
' mg table, in' which their chemical formula 
' and molecular weights are given, as also tin 
quantities in p.c. of fatty acids and glyoero 
: ix-Hulting from suponifieatioii of 100 parts of thi 
glyemides :— 


•O-R 


(dycinn 
Alanine 
Valmo 
T^micino 
I’roline 
riienyUlanine 
Aspartic acul 
(ihitiunie acid 23‘42 
Serine . 0’74 


p.c. 
0 H!) 

4 -(ir) 
0-24 

5 05 
4-23 
I-07 
0 01 


Tyrosine 

(tvstliie 

Histidine 

Arginine 

Lysine 

Ammonia 


V c. 
4*25 
()-02 
1-7(5 
4-72 
1-02 
4-01 


'rryptopluin iireseiit 


.50-OH 


{Se(‘ th(' Discussion on Wheat, Rrit. Assoc 
Ui'])oi't. Winnipeg, limn, Siiiipicniciil to . 1 , Tloiircl 
nt Agnc. lillU, vol. 17, No I!: «rr also 'I'. H. 
OHliornc, I’lhinzcnprotcinc, Wicshailcii, lillO; 
■laco, Science and Art of iirciul-iiiiihi'ig, I.iiTidoii, 

inii.l R- R A. 

GLYCARBIN. Syn, for glyceryl carbon.ite. 
GLYCERIN {Ohirirot, llli/citl nkohd, I’ro- 
pimil akolml ('.H.d, or C.lfsiGir);,) occurs in 


1 

(llvccriilf’ 

' ! 
ronmila 

;{ 

Mole- 

culai 

A eight 

4 ; ! 

Product s oil- ! 

tuined oil j Lxcessj 
sapoiiUU'iitlon j 1 

oflOOpiuts 1 1 

- 1 parts 

Fflttv i (ily- ' 

acids ’ cerin ] | 

Clyceryl trlViiityrntc (Dutvihi) ' 
„ trlcaproaLo (Caproiii) j 

1 

(■,,H,(OC, It, (1):, 
HjHjdl t.', n,,0);, 

302 

380 

pc. i 
87-44 
OU-15 1 

p.c. : 
80-46 
23-90 1 

1 

p.c. 1 
17-90 i 

u-n 1 

,, Irlcjvprylftto (('apryliii) i 
,, trU’aprHto (Ciiprliv) . ' 
„ trllniirate (Laiirlii) . 

ColTJO ('h llt8f>hi 
C.jH5(0-(’io1L8CL 

CijUjjOL 

470 1 
r.fit 

638 1 

91 91 ! 

93- 14 

94- 04 

19-58 ; 
16-67 , 
14-42 1 

1 

11 49 1 
9-81 1 
8-4C j 

,, IrlmjTlstate (Myrlstiii) ’ 
,, trlimlmitate (Pahnltin) 

C'3H.(0CuII„O)j 

c’H.C'l-'uHsiOij 

1 722 
800 

94- 7.5 1 

95- 20 

12-74 j 
, 11-42 : 

7-49 , 
6-71 

1 „ trlstoarate (^tcaiin) .‘f 

! „ trloleato (Ololn) . i ( 3 ll 6 ((^ ( 

BOO 
j 884 

95-73 

05-70 

1 10-34 i 
1 lU-41 1 

7-07 1 
6-11 ! 

j ,, trillnolate (T.lnnlhi) . 

1 CjHjfOCisHjiO), 

878 

9'>‘67 

! 10*4^1 

615 

„ tTlllpolenato(Llnolenlii) 

\ „ trlclunttu<Klonate(Clupft- 

j nodonln) 

i „ trlrlclnoleatefRlclnolehi) 

I „ trlarachldate (Arachln) 

1 ,, trierucate (Erudn) 

1 

CaHetO-t'isHjsOa 

C3Hs(0'Ci8H8,0)a 

j CgHjfO'CjiHjiOL 

872 

806 

, 082 
974 
1052 

95-63 

95-61 

05-93 

06-00 

06-39 

i 10-55 j 

i 10-62 ' 

9-87 

1 9-45 
8-?2 

6-18 

1 6 23 
! 6-80 

1 5*54 

1 6-13 


(i 


Cille-f sources 


Milk fats 

Milk fnts. cocoa-nut ol 
palm -mit o 


Laurel oil, cocoa-nut ol 
palm-uut oil, dllta h 
MyrisUca fats 
Palm oU. Chinese veg 
table tallow, Japan wi 
Cacao butter, tallow 
Olive oil, lard oil, taUo 
oil 

Drying and seml-drylE 
oils 

Drying oils 

Marine animal oUi 
Castor oil 
Earth-nut oU 
Rapo oils 
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From the aboro formula) it appoan that 
glycorol is regarded as a trivulent, or triatomic 
alcohol, containing the radicle C 3 HJ in com¬ 
bination with three OR groups. Hence, glycerol 
bears the same relation to ordinary ethyl alcohol 
as orthophosjjliorie acid boars to nitric acid. 
Just os tribosic pliosjihorio acid foi-jiis tliroc 
distinct classra of salts, wi(li three different 
proportions of the sanu' bas(‘, so doi^s glycerol 
form three distinct classes of (asters, viz. niono- 
glyccricles, diglyciTides, and triglycerides (tvee 
Oils, Fixed, and Fats). And just as ^iliosphoric 
acid may combine with two or tliree^dilTerent 
bosea to form two ditlenuit chussivs ol tribasic 
salts, 80 does glycorol hsxd to different classes of 
triglyceridiw. Kach tiiglycerKh* enumerated in 
the foregoing table must be considered as 
glycorol in which all throe hydrogen atoms of 
the three OH gmuyis an' replai’oci by one and 
the same radicle of fatty a<'id. fSiicli glycerides 
are ternu'd .simph irfqli/rrridr.'i. Tf, howi'VC'r, 
the three hydrogen atoms are rcplac(‘d hy two 
or three different fatty acid radicles, viixvfi 
(flyceride.s arc obtained. 

Should a tnglycende contain two ditb'nnt 
fatty acid radicles, two isomeric tnglycerideH 
may be expected ; and in I hi' case of a tri¬ 
glyceride containing three dil'ferent acid radii'les, 
three isomerides may be expected. 'PhiH is 
explained by the following formula):— 

/()•!<., /OH, 

(I3H/ (Cli;, CjUa- O'H, 

O-R^ vO-R^ 

/O-Hi /O'R, d)-Ki 

0-R,; (!,H/ 0-Ri; 

\0 11,3 vO-Rt \0'I?-t 

It was formerly assumed that the natural 
fats consisted of siinjilo triglycendos : modern 
reHearches, however, have nuule it extremely 
likely that wimple triglycendes (X’cur in nature, 
BA a rule, in small lyuantitiew only, and that 
natural oils anil fats are composed (diiefly of 
mixed glycerides. Thus, for instance, in tallow, 
only a few p.e. of tnstearin have been found ; 
hence tallow must be assumed to consist mainly 
of mixed glyceridos. 

A considerable number of mixed glycerides 
havo been already isolated from such natural oils 
and fats as tallow, cacao butter, Borneo tallow, 
&o. The mixed glycerides of moat frequent 
occurrence which have been isolated hitherto 
are ohodtpalmilin, strarodijHihuilhi, oleopalniito- 
st^Tin, pahnitodtstcarin, oleodt^ifcarin, and dtoho- 
stearin. 

Glycerin has also been found, in the free 
state, in the blood and in fermented ah'obolic 
liquors. Pasteur has shown that glycerin is a 
oonstant product of the alcoholic fermentation 
of sugar; hence it is a natural constituent of 
beer, wine, &c. 1(X) parts of sugar produce 3'5 

parte of glycerin. Until a few years ago tlu'so 
fatter sources of glycerin were of no commercial 
importance, but the incTea.Hing value of glycerin 
has made it profitable to recover even this small 
prO|)ortion, and sovoral processes have been 
devised for treating the vinasseA from diatilleriee. 
For example, in Barbet’s process (Fr. Pat. 
449961 of 1912) the material is concentrated, 
mixed with calcined plaster and kieeelguhr, 
and the glycerin distilled underteduced pressure, 
while caramelisation is prevented by the action 


■ of scrapers witliin the retort. In another pro* 

■ cess (Kng. Pat, 27300 of 1012) the vivmsea is 
I dried, treated with acid, and the glycerin 
I extracted by means of solvents such os alcohol. 

; Increasod qu.antities of glycerin are obtained 
I from molowsoH by fermeiitatMm wiMi Saccharo- 

tiii/cra elli (vai*. Steinberg) in presence 
of soiimm larbonate and ammonium chloride 
at a temperature of 30" 32 \ when from 20 to 25 
of the sugar is conviM’tied into glycerin, 
and the greater jiart of the retnamder into 
, alcohol and carlxm diovide. The investigations 
I of Liideeko on the piodui tion of glyei'rin on an 
industrial scale from Mil' fermentation of sugar 
: led to a practical procews worked out liy (’unii- 
i stein anil Ludecke, which was emjiloytxl to a 
I considerable extent in Germany during the 
I great war. 'I’he ])rocess is hawed ujion the fact 
that the percentage of glycerin is inori'awod if 
I the fermentation proceeds in priwenee of alkaline 
, sulistanei's. particularly woiiiutn .suljihite, whero- 
I by it' wa,s ]»ossil)le to obtain 20 parts of purified 
j glycerin, 27 jiarts of alcohol, and 3 parte of 
aldehyde from JOO partw of sugar. After 
removal of the voawt by iiltratioii and of the 
alcoliol and ahleliydc by distillation, tlie bulk 
; of the Halts present are preeijutaied by calcium 
chloride anil then by smlium carbonate, the 
; liiptid liciiig afterwards neutnilisod with hydro¬ 
chloric acid and filtered from the Hludge ; con¬ 
centration and distillation yield a glycerin 
suitable for tcehnical purposes (J, Hoe. Ghom. 
Inil. 1019. 3K, 2S7; R. Rchwoizor, ('him. ot Jnd. 
1 U21, U, U9). 

Tho synthetic jiroparation of glyoorin, 
although it has been made the subject of 
several fiatents, ha.s as yet hardly jjawsed beyond 
! the theoretieal stage, 

j Glycerin is obtained on a large scale in the 
1 Hcvoral sapoMiliciitioii jirocessew which are 
[ jiractiscd iircanille and soap works {arc Ha?0NI- 
, FiOATioN). According to tho process by which 
' tho commercial product ‘ crudo glycerin ’ is 
obtained, wo dinerontiato in commDree tho 
following five qualities of crude glycerin, viz. ; 
(I) crude sapoiiification glycerin; (2) cruise 
j distillation glycerin ; (3) Twikihell crude gly- 
; coriri; (4) fermonlation crude glycerin; (0) 
soap lye glycerin, or soap crude glycerin. 

' In tho stearino candle and soap industries, 

; glycerin is obtained as a dilute aifueous solution, 
winch contains various impurities, the nature 
I and quantity of which depend on tlio manu¬ 
facturing processes thomsclvos. Tho purest 
; raw material results from saponification by 
‘ moans of lime m open vessels ; hardly inferior 
to this is tho glycerin obtained by ‘ autoclaving.’ 
Lows pure is tho raw niaterial recovered from the 
; ‘ acid saponification process,’ ‘ Twitehell’s pro¬ 
cess,’ and the ‘ferment process.' The crudo 
! glycerin obtained from soap lyes, notwith¬ 
standing its high proportion of inorganic salts, 

; may, ifti the one fianii, surpass in purity (t.e. as 
> regards the amount of organic impurities) the 
crudo material from the last-named procesaefl : 
i but, on the other hand, it may be very impure if 
; fate and oiis of low quality have been saponified 
by means of black-'ash lyes, as was done until a 
few years ago in LancaBhiro and in Maneillee. 
Modem processes of refining bavev however, 
overcome a number of diffiouUies caused by tbe 
i several impurities, so that e.g, chemically pure 
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glycerol from good soap lyes cannot bo distin¬ 
guished from (dicmically pure glycerol obtained 
by lime saponification. Crude glycerins further 
vary os regards quality in accordance with the 
care exorcised in the nmnufaeturc. Crude 
glycerins olituincd from the acid saponification, 
the Twitchcll, and the fermentation y»roccsscs, 
retain very tenaciously Horno organic iinpuritieH 
which hitlusrto seem to have defied all atrteniptH 
to remove tliom, tlie writer has owcertuined in 



T'KJ. I. 


the case of a number of ‘ clicmically jmic ’ 
glycerolH originating from these ju-oeesses. 

1. Crude saponification glycerin, 'rins ely-' 
eorin rejire-sents tlio host, quality of <‘rude 
glycerin. U is ohtaiiiod from the sweet water ’ 
of the autoclave nroccNij [sac ISaj'un ikkiatidn) 
and as a liy-product in the yiroeesH of KiJitp 
making l>y double deeoniposition. 

The projMirlion of glycerol in the ‘sweet 
wateix ’ vanes from b to Id yi.c. The metallic 
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oxidee contained in the ‘ sweet waters ’ are 
neutralised, and the filtered solution is eWeen- 
trated fa|F means of steam, citlicj in a Wetzel pun 
(Fig. 1) or, as is done in modern works, in a ; 
vacuum evaporator of a type identical with or j 
similar to those shown in Figs. 2, 3. According I 
to the quantity of salts which separate when the ! 
bulk of water has boon driven off, a vacuum 
evaporator either of the typo a or type b (Fig. 4) 
is used. The evaporation is carried on until the 
crude glycerin contains about 85-90 p.c. oj 


glycerol. Its sp.gr. is then from 1’240 to 1*242, 
corresponding with tho commercial brand of 
‘ 28°B6 saponification crude ’ or ‘ candle crude 
glycerin.’ The colour of this glycerin varies 
from yellow to dark-brown ; its taste is sweet. 
With basic lead acetate, it gives but a slight 
j)rocipita1(‘. \W refilling tins crude glycerin 
with charcoal, a ' nuined ’ glycerin (used for a 
number of commiu'ciul juirposc's} is obtained. 
This (.Tiuk' glycerin contains U]) to ()•3 p.c. of 
ash, eliiclly calcium (or magnesium or zinc) 
sulpliati', and only small quantities of organic 
impiii 

Tins cruilc glycerin is vahu'd on tho ])or- 
ccnI.Lgc ol piiT’c glyrci'ol. of ash. uiid of organic 
impunlics. 

The ‘sw’cct water’ obtained in t?lic proco.s3 
of soap making by double ilccomposition is 
li'ca1,cd in the same manner as described above, 
and yields a good ’ sapomfication crude,’ wliich is 
(‘<|uid in (jiiality to a ' candle crude glycerin,’ 
provided lliat the ongiiud fatty matter was 
of good (juality Since tins jirocess is used 
in small works only, where chiefly low-quality 
greases are worked up, the i-nido glycerin 
thus (ditained is apt to contain a considerable 
amount of organic im[)iiriii 08 , fto that it is 
luiblc to fcnnerit wlien siorod. Within the 
author's ox])eneuce, sucli crude glycerins did for* 
ment, thus showing thlit the organic substaneos 
in low-eiass grease are not destroyed by treat- 
ment with lime, In the course of the ferinenta* 
tion, trimethyleneglycol i,s formecl. This orudo 
glycerin is also high in jiroportion of ash (tho 
author found (nen as much as 1’77 to p.c. 
of ash), whereas tlu' respective ]iroportions of 
glycerol were M4'3 and 77‘1 p.c. 

A typical sample of high quality examined 
by (Irimwood (1918) liad : spgr, l'24r>r); 
glycerol, 8!)'7 p.c. ; ash. p.c. ; and organic 
I residue. 0 57 p.e. 

2. Crude distillation glycerin. 'J’liis kind of 
crude glycerin is obtained from the acid water 
resulting in tho so-called acid saponification 
processus (frr Savonifioation). It is termed 
111 eomnu^rce ‘ erudo distillation glycerin ’ for 
the reason that tlie fatty acids obtained by 
; this process must Ito distilled to yield candle 
niaterial. Tiic dihito glycerin waters {‘fiweot 
i waters ’) arc worked up in tho same manner as 
i described under ‘ crude sajionifieation glycerin,’ 
i but owing to the large amount of sulphuric 
; aci<l used in the proces.s, a considerable quantity 
of salts remain in solution after the mineral 
; acid has been iveutraliscd with lime. As the 
eoncontration of the solution proceeds, especially 
wlien tlie thickened liquor approaches the sp.gr. 
j of 1 '240, calcuiin sulphate, which is no longer 
I Ifeld in solution, separates out, and is deposited 
j on tlie lieating surface of the evaporating 
{ ap])aratus in tho form of a hard crust, which 
i rapidly diminishes the evaporative power of the^ 
' steam, unlftSH the calcium sulphate is removed. 

Hence, such tube ovaporators as are repre-* 
eented by vesso! B (Fig. 4) are useless for con- 
eontrating the dilute solution, and a type of 
evaporator must be employed which permits the 
heating surface to bo continuously scraped so as 
to keep it clean. An evaporator of tnis kind, 
designed by the author, is shown in Fig. 2, the 
inner constructidn of which is exemi^fied by 
Fig. 3. 



QLYCEBIN. 433 


The finished crude distillation glycerin con¬ 
tains considerable proportions of calcium sul¬ 
phate, inasmuch as the solvent power of glycerol 
lor calcium sulphate {see below) is still further 
increased by the organic impurities which the 
crude glycerin retains. The ash of this kind of 
crude glycerin risos to as much ns 2 and even 
3*6 p.c. The amount of organic impurities is 
greater than in crude saponitieation glycerin, 
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and it may rise to oven 2 p.c., the amount 
depending on tlio luck of care exercised in tlie 
manufacturing iiroccws. The colour of this 
crude glycerin is usually pulc-ycllow; its tfvste 
is sharp and astringent, and wlieu rubbed 
between the hands it emits an unpleasant 
smell. On adding bjisie lead acetatc^a volumi¬ 
nous precipitafcii is obtained ; hydrochloric ac^id 

f jroduces a turbidity, duo to the presence of 
atty acids. 

This crude glycerin has tlie sp.gr. 1*240- 
1*242. As a rule, it contaiua from 84 to 86 p.c. 
of glycerol. The trade term for this kind of 
glycerin is ‘ crude distillation glycerin, 28"B6.’ 

3. Crude glycerin from the twitchell process. 
This kind of crude glycerin is obtained from tlic 
acid water resulting in TwitchoU’s saponification 
process (see Saponification). The sweet waters 
are treated with lime or barium hydroxide or 
barinm carbonate, so as to precipitate the dis- 
solved sulphuric acid as completely os possible. 
The purified liquors are concentrated up to a 
about 1 *24 or more, in the same manner 
^-•00 described under the two preceding headings. 
•The quality of this crude glycerin varies con- 
fiden^lv with the quality of the fatty material 
from which it has been obtained. If the raw 
material is of good quality, the glycerin is fairly 
good; but even in that case, owin^; to the high 
amount of ash it contains, and owing to ite un- 
jdeasant taste, it is valued at a somewhat lower 
price than is crude candle glycerin. Bv way 
oi example, the following analjftis made by the 
author, be given: sp.gr. I *239; glycerol, 

Vou IIL—r. 


84*8 p.c.; ash, 0*fi2 p.o. A typical sample 
analysed by Qrimwood (1918) nad: sp.gr. 
1*2453 ; glycerol, 87*0 p.c.; ash, 1*1 p.c.; and 
organic residue, 1*4 p.c. Since the Twitchell 
saponification process is lx?8t adapted to low- 
claas material (such as greases), the glycerin 
obtained from sucli material contains so con¬ 
siderable an amount of organic impuritios that 
it cannot bo refined by itself, even for tho pro¬ 
duction <'f dynamite glycerin. Each special 
make of huch glycerin must therefore bo valued 
on tlie ba.sis ot tho irnpuritH‘s it contains. 

4. Fermentation crude glycerin {stie Saponi¬ 
fication). Tho sweet water from the process 
of hydrolysis by means of (‘iizymes is rich in 
proteins and other organic impurities. In 
addition to tho usual treatment doscribiid above, 
it must be filtered (iver char, which retains the 
bulk of tho jirotcins and other organic impuri¬ 
ties. Niivertheless, a e(‘rtain amount is still 
ndaitual ; consequently, the fiui.shcd crude is 
not only dark in colour, but has also a very 
unpJ(“a«ant smell and f a.ste, cv<*n if the glycerin 
bo made from good raw material, such os re¬ 
fined cotton seed oil or refined linseed oil. In 
the infancy of tlie process, tho crude glycerin 
obtained thereby was {iracliwally unusaolc. In 
coiisequeuico of impruvenientH, the amount of 
impurities has b(‘.cn considerably reduced, so 
that a sample examined in tho author’s labora¬ 
tory gavo the following somewhat favourable 
I results : sp.gr. 1 -LMUl); ash, 0*49 p.o. ; organic 
impurities (proteins, 1*54 p.c. But tho 

diOiculties Jiavc not yet boon auflicicntly sur- 
mounted to make the process satisfactory, and 
it is still hut liUlc used. Tho last two Junds 
of (U'udo glycerin arc difficult to refine (by tho 
usual process of distillation) and must be mixed 
in tho gl}'conn still with better kinds of crude 
glycerin. ^ 

: 5. Soap lye glycerin, Soap crude glycerin, 

I Soap crude. Since Ciicvreul established the 
constitution ot fats and oils, it has been known 
that the spent soap lyes, resulting in tho manu¬ 
facture of Hoa]), contain, if not tho wtiolc, a very 
large proportion of tho glycerol, combined 
originally with fatty acids in tho oils and fata 
which had been converted into soap in the soap 
pan. During the first half of last century, no 
attempt had been made to recover tho glycerol 
from those lyes, not only on account of the 
difficulty attending this operation, but also for 
the reason that the small demand for glycerin 
I then ruling in tho market could be readily 
I satisfied by the candle makers’ crude glycerin, 

; When, at the end of the seventies of the last 
century, a great demand for nitroglycerin 
(‘dynamite’) sprang up, attention was drawn 
forcibly to this source of glycerin, and serious 
endeavours were made to recover the hitherto 
wasted product. Although as early as 1858, 
H. Reynolds had.patcnted the main features 
of a process oi recovery, features which 
essentially reappeared in all suUlbquent 
processes, yet serious failure at first attended 
all attempts at the recovery of gWeerin, on 
account of the considerable amount of impurities 
in the spent lyes, and most prominently on 
account of tho large amount of dissolved salts. 
Modem processes, especially improvements in 
apparatus on the one hand, and ‘ the rapidly 
> gsowing employment in the soap industry ol 
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cauHtic soda of lii<‘ highest purity, tended to 
evolve a pruooHB -wIik-Ii is now worked with more 
or less HucueKs in all the large soap works, not 
only of Kuroj>c and America, but also of Australia, 
Africa, Jndiii,, and New Zealand. The earliest 
smaiesHful attemjits to recover glycerin from 
Hoaj) lyes were hiude in English soaj) works, 
wlnoe the largest i|uantities of oils and fat.s wm'e 
worked up iti the largest soaperies of the world ; 
the working iij) of the soajt lyw for crude gly¬ 
cerin may be said to have cstabhslied its success 
in (Ireat Hritum Lowanls the middle of the 
’eighties of Liu; last eonLiiry. Since that limt', 
cruder glyeiTin re<‘overed from soap lyes. ' soa]i 
crude glycei'iti,’ lias osLublislied its great im- 
porianee in lihr world's eommerei'. 

Tlu‘ lyes nlitauual in tiir soaji-muking 
process by boiling oils and fats m an oj>en jian 
with eaiistic soda iioiitaiii jiraeitcaliy all tlie 
glyei'fol which the natural oils and ials are 
eajiable of yielding. Aeeording to t’lu' manner 
in which the ‘ iduinges ’ arc worked U]i (.sn SoM*). 
tlio Hjamt lyes eojil>a.in Iroin Tj to H p v. of jnire 
glycerol. In addition to glyeerol. the spent, lyes 
iiold in solution lln' common salt used in ‘ cut¬ 
ting ' tlie soap, and also small amount.H ol fre(‘ 
(‘aiislte soda, sodium earbunate, soap, and 
organic impurities. Tlie less free caustic soda, 
sodium earboimte, and organic impurities Llie 
lyes contain, the more readily iran tlie proei'ss of 
recovery and punlieation lie i-arried out. Jri 
case impure caustic soda lyes have bec'ii used ' 
above), the Hjieiit soup lyes eoutaiu, in 
addition to the sulistances enumerated above, 
tbiocymnates, siilpludes, thiosuljihutos, cyan¬ 
ides, and teiioeyaiudes. Tliese imjmnties were 
jirwmt 111 tlie crude (black-ash) lyos, which w’ere 
used uj> to a few years ago to a large extent in 
the Mui’seilles ihstnct. The dillicultics eiuised 
thereby in the recovery of crude glyccj^in luwe led. 
favoured by tlic establishment of ISolvay's soda 
works in that neighbourhood, to the aliiioRl 
complete abandonment of black-asli lyes, so 
tJiat ovi’ii in Marseilles the vast majority ol 
soaps are prcjianal with jmre caustic lyi's. The 
o.\act treat-ment of the lyes in a soap works 
depend-s on the state of purity of tliese Jyes. ami 
has, as its object, the removal (*r ilestruction of 
the albuminous, resinous, and soajiy niatters 
prestmt in the lyes. Tins is done by various 
additions, such as lime or hydroehlonc acid, or 
salts of aluminium and iron, which precipitate 
foreign substauecs. so that tliey can be liltered 
olT, whereujion the purilied lyes are neutra¬ 
lised and become iimdy for eonccntrutiim. Tlu* 
purified lyes arc boiled down in lire-licated 
vessels, winch are of a conical shajie, so that the 
salt, as It separattjs, slides down into a vessel 
fixed to the bottom of the pan, whilst rotat¬ 
ing gear keeps the heating surface free from 
incrustation. Such vessels, although in large 
works considered antiquate<^, are still being 
u»od and oven introduced in smaller works, 
whei ‘0 the amount of water available is limited 
or where water is very dear, in the case of 
large works, the lyes are usually evaporated In 
vactitK The fii-st concentration of the lyes to the 
‘ salting-point ’ (at which salt eommences to 
separate) is considered to have been completed 
when the lyoa have reached a sp.gr. of 44‘^Tw. 
at 15‘5%\ The percentage of gtyccrvil in these 
lyes then usually amounts to 1(1-16 p.c. If 


evaporation wore carried on beyond this ‘ salting* 
point ’ in a tube evaporator, the separated salts 
would deposit on tlic tubes, and thus soon prevent 
the evaporation from proceeding to the desired 
stage. The autlior has frequimtly seen tube 
evaporators which, after a couple oi days’ work¬ 
ing, had become so licavily oncrusted with salts 
that llic evajKirnt.or liad to be stopped and ‘ laid 
oti ’ for cleaning. A large number of patents 
liiis l)(‘en talom ou1. with a view to jireventiiig 
t Inr HcUling down of tlie salts on the evaporator 
t.iibcs. Lewkow'it-sch oviucomes this ditliculty 
l)y jii'oviding the (^vajioi'iil.or w'itli suitable 
stirring and scraping arrangeincnts, which 
rcmov(‘ tlie salts as they separal^^ the salts 
failiiig down into a. vi'ssel (of any divsircd shape) 
wiiicli can be shut oil from the vacuum evapo¬ 
rator, and emptied at will under ordinary 
jirt'ssuri;. After removal <tf the salt, tlic vessel 
IS (‘xliaiisteil and again CDiimn'tod with the 
evaporator. An evaporatm of tins tyjie is 
sliown in i'’ig 2. 'J’lic const riudion of the rotat¬ 
ing heating surface is tvpilicd by Fig. 3, Jn 
these evajiorators, the soap lyes can be evajio- 
rated from tIuMrdiluti'stagc lieyond the ‘ saltuig- 
point,’ the salt which falls nut being removed 
by using, at given intervals, the vessel fixed 
to the oiilJid of tlie evaporating jiiin. This 
vessel, as has been jiointed out already, can bo 
emptied while the contents are kept con¬ 
tinuously boiling. In large installations, the 
lyes iu’<' coiicentrated m diiulile, nr triple, or 
i|ua(lruj)le elTeet vaenum apparatus. A double 
idlect, designed by Jjewkowitscli on tlio same 
principle as Fig. 2, iii illuiitrated iiy Fig. 4. 


A B 
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This figure shows a combination of a tube 
evaporator, n, with an evaporator as illustrated 
by Fig. 2. The first preliminary concentration 
up to the ‘ salting-point ’ is carried out in 
vessel B, whilst the further concentration takes 
place in vessel a. The salt which separates oat 
during the process of concentration is collected 
in the vessel sho^n underneath a, and is removed 
at &Ked times, and washed in the washing 
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machine shown in the illustration. The salt is 
washed first with purified lyes of low porcentaco 
of glycerol, and finally with waUu* to remove the 
glycerin from the salt. The salt itself is re¬ 
covered in such purity that it can be used imme¬ 
diately in the soapery in place of fresh salt {set. 
Soap). 

The glycerin solutions are boiled in rnru6 
until the crude glycerin has reached a sp.gr. of 
1'S. The progrcH.s of concenlratioti ih oon- 
Irollod by the sp gr. test, or, ecjually well, by 
taking out samples an<l ascert aining the boilmg- 
pomt in a porcelain dish, by means of ft thermo- 
inet(T, while the contciifs of tlie disli are kept 
stirred, so that the salt may not (;aiiHi‘ Inimjung 
of the contents or cracking of the ilish. The 
glycerin has rcat licd tlic sp gr. of I'll and the 
percentage nMiuired by commerce, if ili(“ boiling- 
point is l.'3U'\ 'riui crude glyccnn llioii contains 
80 p.c. of jiure glyc<Tol, ami about p.c. of 
salts, the reinaimlcr consisting of water and a 
email amount of organu'. impunties. If the 
couoentration is earned a little furtluT, crude 
glycerin, eontaining as much as 8<i p.c. of gly¬ 
cerol, can readily b<‘ obtaiiu'd. 

The jiroportion of organic impunties in soap- 
lye glycerin vanes considiTahly, dcjicrulmg on 
the process of pnniicalion and the care of the 
operator. Stune commercial soap crude gly¬ 
cerins contain loss than 1 pc. of organic im¬ 
purities (thus representing a better quality gly¬ 
cerin than ‘ crude distillation glycerin,’ <’nide 
glycerin from the ' Twitchell jiroccss,’ an<l crude 
glycerin from the ‘fermentation proeess ’). I 
Other Hpeciniens of crude glyccijn, again, con- | 
tain large quantities of impurities, consist- 
ing of fatty acids, rosin acids, and of albu¬ 
minoid sulwtances, gelatin, ami hydroenrhonH 
(from bone fat), and also triniethylem'Ldycol in 
the IvoK resulting from hone fat which has been 
allowed to ferment, in the diHtjUntes fj'om 
such impure glycerins, the author cviui found 
organic basc.s, amongst which he identified 
picolinc and lulidine, 

Tlio following analyses by (Jrimwood show 
the composition of typical sample-s of crude 
glycerin in 1917-1018 :— 

Organic 

8 p.gr. Glycerol Ash residue 
p.c. p.c. }).C. 

High quality . 1’BOOT 85‘8 0'33 1*68 

Low quality . 1’2980 77‘2 10‘()3 3*61 

The colour of ‘ salt crude glycerin * is pale- 
yellow to brown, or almost black, according to 
rte purity. 3’ho taste of good ‘ soaj) crude ’ is 
sweet, qualified, of course, by that of the common 
salt contained therein. Impure samjilee have a 
most unpleasant garlic-like taste, even if sul¬ 
phides DO absent. This is specially charac- 
toistic of the lyes obtained in the Marseilles 
district (due to the use of ‘ sulphur ’ olive oil). 

Soap-lyo glycerin can be rapidly distinguished 
frojy the crude glycerins described above by the 
large proportion "of common salt which it con¬ 
tains (heavy precipitate with silver nitrate 
solution) and by its high sp.gr. 

Boap-lyc glycerin containing considerable 
quantities of sulphides, thiosulphates, or sul¬ 
phites, is almost valueless to the refiner of crude 
glyoerin. ^ 

Considerable quantities of crude glycerin, 
SBpeciaUy crude saponification glycerin, are used 


in the arts for various purposes, f. 7 . m the 
manufacture of inks. By far the largest quan¬ 
tities of crude glycerin are, however, purified 
by distillation, and thereby converted into 
‘ distilled glycerin.’ In (commerce, two kinds 
of distilled glycerin art^ ditfoi'entiaU'd, distilled 
glycerin for making nitroglycerin (dynamite), 

‘ dynamite glycerin,’ ana chemically pur© 
gl^H'prin, sometimes termed ‘ twice- * or ‘ treble- 
distilled glycerin.’ 

Distilled glycerins are oht.aiiKul, as tho name 
implies, from crude glyi-tTia by distillation. 
The distillation is earned out, either under 
<n‘dinary pressure or in a vacuum. Jn either 
cii'-'o tho distillation is .sujiported ami accelerated 
' by tb«‘- aid of Htcarn. At prosent vacuum 
! distillation, couph'd with superheated steam, is 
the i-ombmation mostly in vogue. iSorno manu¬ 
facturers work oiT a certain amount (d('pending 
on tho S170 of the still) of crude glycerin in one 
liatch. Other manufaidurerK resort to con¬ 
tinuous distillation, the still being fed as tho 
glycerin dist ils otT. 

The succcMHful distillation of crude glycerin 
docs not HO much dcjieml on the kind t)f still 
and condciiHcrs used as on tho skill and care of 
tho openit'or. A considerable number of special 
I apparatus havi' liecn pat^ented, and are still 
I being patented, but owing to tlie fact pointed 
' out, vi/.. that sueces.s d(‘pends more on attention 
to details than on the partuuili'.r ajiparatus 
employed, the details of the vbO(fus operandi in 
conducting the disiillation are considered 
valuable secrets. 

Sjiaco does not jKU’init a coniploto reference 
to the jiatent literature or to tlio illustrations 
accompanying it. it may therefore bo generally 
state<l that Boimi inventors introduce details 
which neither contribute to cheapening the 
process no* permit the realisation of the refine¬ 
ments claimed. Some of the apparatus embody 
a faulty principle, inasmuch as not only is 
complete purification not eiTocted, but oven 
partly purified dist illates arc contaminated with 
the impurities driven off from a partially purified 
batch. Hero it may sulficc to illustrate .in 
Kig. 5 a glycerin distillation plant which the 
author designed for the distillation of crude' 
glycerins, both of ‘ saponification crude ’ and 
‘ soap crude.’ The still shown is provided with 
an arrangement for withdrawing tho salts as 
they separate out. The contemts of the still arc 
heated by means of open superheated steam, 
which carries off the vapours of glycerin into a 
battery of eondensing columns. Between tho 
latter aud the still itself is inserted a catch box 
in which tho heaviest portions are condensed, 
while small amounts of sodium chloride, which 
H carried over mechanically with the steam, 
are Himultancously deposited. From the end of 
the battery of columns a connection leads to a 
vacuum pump, ^he distillation being cirried 
out in vacuS. The glycerin vapoure, with 
varying amounts of water, eondenae in the 
several columns. In the first columns little water 
condoases; thus the strongest glycerin, of 
sp.gr. 1 25, is obtained therein. The following 
columns yield weaker glycerin liquors which, in 
the end column, are so dilute that the then 
escaping vapours arc practically free from 
volatilised glycerin. The distillatea are drawn 
off in vacudy sampled and groded according to 
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thoir sp.gr. Jn the figure, tiio vessels into which improve its colour. The collected and filtered 
the glycerin is drawn oil arc partly shown. glycerin liquors arc finally concentrated in a 
It depends solely on the mode of working— vacuum evaporator, up to the desired sp.gr. 
ospoeially in tlio case of soan-lyc glycerin—as to For the purpo8(?.s of dynamite glycerin, the 
whother one distillation will su/fico to obtain a sp.gr. must be at Icjwt l‘26l at 16^ Other 
satisfactory product for nitrating purposes, or eotnniercial qualities of distilled glycerin need 
whethitr tlie once; distilled glycerin must be rc- only be (;onc<uitrated to a sp.gr. of 1 ’250 or 1*240, 
distilled. In cose the distillation haw not been us the ease may be. The dynamite glycerin 
conducted carefully, the once-distilled glycerin, quality is used cxclu.sively for purposes of ^ 
is HO strongly contaminated with sodium chloride making nitroglyc(;riu. Of licr qualities of dis- 
and organic impuritios (volatile fatty aends and tilled glyccnn, especially those of sp.gr. 1*250 
even polyglycerols), tliat a second distillation and 1*240, are used for various purpo.sca in tho 
becomes imperativi'. arts, sucli^as for filling gas meters and hydraulic 

The distilled glycerin li(jU(jrs collected from jacks, in the inanufactuie of ink, waterproof 
tlio edlunms are treatiid with cliar, if reqmrctl, paper, toilet soaps, ‘sizes for textile-s, and for 
in order to remove some organic impurities, and, the production of plast.ii' masses. Kuch os printing 
at tho same time, to clarify the glycerin aiul rollers, hectograph mass, Ac. The bulk of the 
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distilled glycerin is. howeviu'. employed in tlie thereby distilled glyceriti.s arc easily distin- 
maiiufacture of liigii explosives, such as dyiia- guished from crude glycerins, 
mite, blasting gelatjiK', corebte, <tc. I Tho residues {'j/Zyeerm foola') remaining in 

The yield obtainable from crude glycerin 1 tho still, in the case of those crude glycerins 
depends, just like the distillation itself, on the ! which contain small proportions of ash (<?«« above, 
care of the operator. The losses incurred by ; Cnide (jlyarin/f, I, 2, 3, 4), consist chiefly of 
faulty mctliods are large, and range, within the polyglycerols and of notable amounts of salts, 
knowledge of tho author, from os much as 15 to as tlie mineral mattei’s originally contained in the 
oven 40 p.c. A large proportion of the loss is crude material naturally aecurnulatc in the resi¬ 
due to destruction of glycerol with the formation dues. These residues are used in the manu- 
of volatile acids anti acrolein on the one hoiid, facturc of shoe blacldng. Claesson proposed to 
and to the formation of polyglvcerols on the employ them also in tho production of plastic 
other hand. The polyglyeofols which' are masses, such as printing rollers, hoctogri|»h 
formed in the course of distillation should masses, sizes for textiles, and for waterproofing 
remain in tho still itself, and are found with the paper. 

still residue {see below. Glycerin foots). The still residues from soap lye crude contain 

The commercial ‘ distilled glycerins ’ vary in much larger amounts of salts than those de¬ 
colour from yellow to wliite ; they also vary in scribed above. Tho residues obtained in the 
their content of glycerol acc<krding to their course of distillation retain such considerable 
sp.grs., which range, as a rule, between 1 *220 and amounts of glycerol in addition to polyglycerols, 
1*260. Glycerin, purified by distillation, should salt, sodium carl^nate, sodium acetate, and 
contain a very small amount of ash only ; sodium salts of other organic non-volatilc acids. 

































that the accumulated residues are worked up 
for the recovery of glycerin. They are boiled 
up with water, and dilute hydrochloric or sul¬ 
phuric acid is added to decompose the sodium 
carbonate and the organic salts. The organic 
non-volatile acids collect on the surface of the 
liquid os a resinous mass, which is removed in 
any suitable manner. The liquor is then liltored 
and concentrated separately, (»r is mixed with 
the ordinary soap lyoa. As during the concen¬ 
tration of these liquors, acetic acid is volatilised, 
it is advisable to concentrate the lyos and distil 
the recovered crude glycerin separate^. 

The distilled ghjccrins described Aovo con¬ 
tain, as a rule, amounts of impurities, which 
although small, arc \et sufficiently large to forbid 
tlie. employment of those distilled glycerins for 
pharmaceutical and dietetic purposes, d'be ‘ dis¬ 
tilled glycerins ’ must therefore, as a rule, bo sub¬ 
jected to a second distillation. If this distillation 
be carried out with sufficient eare, the distillates 
give, after concentration and treatment with 
char, the eluuuieally pure glycerin of luim- 
luerco 

At a tinio wlnui the art of iireparing chetni- 
oally pure glycerin was not ho far advaiiecil as 
it is at present, soine clicniii;ally jiure glycerin 
was manufactured by allowing glyci'nn to 
cryBtalljse, and contnfiigalisnig the crystals, 
whereby the impui'ities were reiiKiviid witli that 
portion of gly(?(*riri which nielleil in the c(mtri- 
lugal machine. This procens has, however, 
been abandoned, not only on account of its 
costiinesM, but also on account' of the inferiority 
of the product as compared witli tli<‘ best brands 
of chemically pure glycerin obtained by careful 
distillation, as it wius found that the crystals 
were apt to occlude impurities. 

The statements found in chemical literature 
that glycerin only (uystallises at - 40^, must be 
eorrocted, in so far ns glycerin, exposed for a 
long time to a low tomnerature ( — 5'’ or —10'’), 
will gradually cryHlalliae. Thus the author 
frequently found in vcify cold winters that 
glycerin, oven glycerin of ‘ dynamite quality * 
which had been left undisturbed for some pro- 
longed time, liad cryatalHsed. 

Electro-osmotic processes of docolori.sing and 
purifying glycerin have been patented (Eng. 
Pats., 144,727, 145,040, 140,805, 1020). i 

Chemically pure glycerin is obtainable in I 
commereo in the following ‘ strengths ’ ((uincen- ' 
trations) : chemically pure glycerin of 1‘24 
sp.gr., chemically pure glycerin of 1’25 sp.gr., 
and chemically pure glycerin of 1 -20 sp.gr. 

The chemically pure glycerin of the highest 
sp.gr. approaches, as nearly as is possible for 
a product made on a largo scale, tne chemical 
suratance glycerol. 

Glycercd (pure glycerin) is an odourless, 
colourless, viscid liquid, having an intensely 
sweet taste. The preparation demanded by the 
Pharmacopoeias of different countries is the 
pfrest commercial article, which consists practi¬ 
cally of glycerol, containing a very small amount 
of water. Glycerol is optically inactive, and is 
neutral to indicators. On exposure to an 
intense cold for a prolonged time, it cr^tallisee 
in rhombic crystals, melting at 20°. with the 
help of a few crystals, large quantities of glycerol 
can easilj be solidified at ^he temperature of 
fre^ii^’pQint of i^ater, 


Qlj^cerin is oily to the touch, and produces on 
the skin, especially on the mucoiu membrane, 
the sensation of heat, due to its absorbing 
moisture from the tissues. The water-absorbing 
power of glycerin is so great that, on exposuro 
to the atmosphere, it takes up as much as 50 p.o. 
of its own weight of water. 

The sp.gr. of pure glycerin has been deter¬ 
mined by several observers, whose statements 
do not agree, owing, no doubt, to the <Ufficulty 
of removing the lost traces of water. Tlio 
moat truatwoithy values arc the following :— 

Hp.gr. 15'V15°--1*2(H08; 
sp.gr. 17-5°/17-5‘’=-l-2b20. 

Kailan (Zeitsch. anal. Ehcin. 1912, 51, 81) 
obtained value..s of r2()4l4at I5'74°,and 1*20082 
at 2()”/4‘’, wliieli arc in <'lose agr<!omont with 
those recorded by other chemistK. The relation¬ 
ship between the sp.gr. and temperature is 
shown in th<5 follovong formula (Kailan):— 

.Sp.gr. atrVd’ -I-2li4i:i i (15-/)0*000032. 

l‘j’ovidc<l a .specimen of chemically pure 
glvcenn sfitislics the ([ualitativc teats described 
Ix'Iow, the proportion ot glycerol in it can be 
found l)y merely determining the sp.gr. of the 
sample. TIk^ [K'reentagc' can also be obtained, 
jipjn’oximatcly, from Die refruetivo index of the 
glyeonn. 'I’lie table (p. 4138) by Skalweit 
(Repertor. d. Analyt. ('hemie, 5, 18) gives the 
sp.grs. and refractive indices, for tlie sodium ray, 
at 15“, of mi.vtuivs of glycerol and water in 
various proportions. 

Other tables for the sp.gr. and the i*efractive 
iiuliees of glycerol solution are given in Lewko- 
witsch’s Oliiuii. Technology of Oils, itc. Lenz 
states that Die oliservations of the several 
observers agree amongst each other within a 
few unit^ of the fourth decimal, whilst the 
difforonce^i in the refractive indices, correspond¬ 
ing to I p.c. of glycerol, amount to 13*5 units of 
the fourth.decimal. By reference to the above 
tabic, the percentage of glycerol in a sample 
j can therefore mdy bi5 det(U-mincd accurately to 
I 0*5 j>.c. (r/. (Iriin and Wirtb, Zeitsch. angew. 

I (Jhern. 1919,32,59). Bo.sarl (J. Ind. Eng. Chem- 
1921, 13, 944} has shown that Gcrlaeh’s table of 
sp. gr. at 15° 18 sufficiently accurate for tcchnioal 
purposes, but that Iuh table of values at 20° is 
inaccurate. 

Where the volume of glycerin is not enough 
to permit the accurate determination of its 
sp.gr., the refractive index can be ascertained 
with the aid of Ablxi’s refractomoter. ZeiM*H 
immersion refractometer has also been applied 
to the determination of dilute glycerin solutions ; 
but it should be noted that the immersion 
refractometer (which is used extensively for 
the determination of alcohol in beer and other 
fermented liquors) does not permit more con¬ 
centrated solutions to be tested than* those 
containing 26 p.c. It is not permissible to 
dilute concentrated glycerin with a known 
amount of water to a lower percentage, and then 
determine the refractive index, inasmuch M 
contraction takes place on mixing glycerin with 
water. 

Glycerin boils under 760 mm. pressure at 
290°, when it undergoes only slight decomposi¬ 
tion. Upder considerably reduced pressuro 
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Cf. Wolff (Zoitsch. angpw. (Jlicm. liH9, 32, ]}, 


glycerin distilH unchanged, liie viKcosily of 
crude distilled glycerin is reduced during the 
refining process, and viscosity measurement is 
therefore a rapid means of determining the degree 
of purity (Kellner, Chom. Zentr. 1921. 92. fiil 
834). 

The following table contains tho most 
trustworthy observations made under reduced 
pressures (cf. aho Richardson, Chem. Soc. 


Trans. 188<), 49, 740 ; and Kailsn, Zoitsch. anal. 
I Chem. 1912, 51, 81) 


Prefiflure 

Boiling-point 

mm. 

“C. 

385-33 

200-4 

347-10 

257-3 

231-87 

250-3 

201 -23 

241-8 

UK)-81 

220-3 

50-00 

210-0 

45-01 

201-3 

30-00 

191-8 

20-40 

183-3 

12 50 

179-5 

10-00 

107-2 

0-53 

101-3 

5-00 

155-5 

0-24 

118-5 

0-05t) 

115-110 


filyccrol is nuHcihlc' with water Jii all propor¬ 
tions. On Jinxing glycerol Mitli water, a con- 
tj-aclion of volunui and an incrcasi' of icinpcra- 
turo l.jihc ])lacc. Tiic grcaiost incix'asj? of 
tenipcratnrc, vjz. o’, is observed when 58 parts 
of glycerol {by weighi) are mixed with 42 parts 
of wat^cj': the givatest contract'ion oiiuals 1 d 
((icrlaeli). (ilyeenn cun be completely 
I'ced from water by allowing it to stand hi vacn6 
over aulpliurie acid for hoiik' jjrolongcd time. 

At tin* ordinary tcTiiperalaire, glycerol does 
not volaiilis(‘; ali ilu' boiling-point of water, 
however, appreeiablt; quantities e.seujie with tlio 
water vapour. If glycerol be heated in an 
op(*n dish on a water-bath, a slight loss is in- 
; eurred, sueli loss depending on the shape of tho 
! vesst'l (wlu'ther deep or Hhallow), the area of tlio 
I Hurfaei* ex))osod, and tlie freijiieiiey with wliieh 
tlie air (n-i'r its suifaee is renewed. 

I Tiio vapour jnmsure of a dilute solution of 
, glycerol rises with the rise of temperature of the 
boiling solution, so tliaf- eonsiderablo amounts 
of glyeerol volatilise with tho water vapour. 
Theorotieally, a mixture oi saturated water and 
glycerol va])our, under the ordinary atmospheric 
pressure, cannot contain more than U-2 to 
0’3 p.c. of glyeerol, provided that the two 
vapours are not miscible, yince, however, 
glycerol and water are miscible in every propor¬ 
tion, the composition of the escaping vapours 
I eaunot bo calculated according to Dalton’s 
I law, but must be derived from actual observa- 
j tions. Gerlach determined, with the aid of a 
vaporimeter, in which the pressure of the 
vapour was raeaaured by a column of mercury, 
the vapour pressures given in the table onp. 439. 

Up to a concentration of about 50 p.c., no 
glycerol escapes with the water vapours, even if 
the ililuto solutions be kept boiling for a 
prolonged time. At a concentration of about 
70 p.c., traces of glycerol escape from the 
boiling solution (Hehner). The boiling-point of 
such a solution is 113-0® (see table). Above this 
concentration, noticeable amounts of glycerol 
escape, so that the quantitative determination 
of glycerol in an aqueous solution by evaporating 
it down on the water-bath leads to faulty results. 
Even if the concentration of glycerol solutions 
be carried out ta vacuS, considerable proportions 
of glycerol escape with the water vapour when 
tho concentration of tho solution exceeds 80 p,o, 
(Lowkowitech). * ^ 
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Vapour Tensioitr of Glycerol and of 
Aqueous Solutions of Glyc'erol (Gkhlach). 


Glycerol, 

Water, p.c. 

iB.p. at 700 mm 

Va]j pressure 

1> c. 

* pressure, 

iit lOO'C. 

](K) 

0 

290 

()1 

im 

1 

231) 

87 

1)8 

2 

208 

107 

1)7 

3 

188 

12(5 

96 

4 

175 

144 

95 

5 

164 

162 

94 


15(5 

ISO 

93 

7 

150 

• 108 

92 

8 

145 

215 

91 

9 

141 

231 

90 

10 

138 

247 

89 

n 

135 

263 

88 

12 

132*5 

279 

87 

13 

130*5 

295 

8(5 

14 

129 

311 

85 

15 

127-5 

3215 

84 

lu 

126 

340 

83 

17 

124 5 

355 

82 

18 

123 

370 

81 

19 

122 

384 

80 

20 

121 

3!)(> 

79 

21 

120 

408 

78 

22 

1 10 

419 

77 

23 

118 2 

430 

7(1 

24 

117 4 

440 

7.') 

25 

116*7 

450 

74 

2(5 

iii; 

460 

7:t 

27 

115*4 

470 

72 

28 

114*8 

4 80 

71 

29 

114-2 

489 

70 

30 

1 13 -6 

49(5 

or> 

35 

111*3 

553 

60 

40 

10!) 

565 

55 

45 

107 5 

593 

50 

50 

10(5 

618 

45 

55 

105 

639 

40 

60 

104 

657 

35 

(55 

103-4 

675 

30 

70 

102-8 

690 

25 

75 

102-3 

704 

20 

80 

101-8 

717 

10 

90 

100*9 

740 

0 

100 

100 

760 


(ilycorol in Jiiiscible with alcohol in all j>ro- 
portions. It (lisnolves easily in a. mixture of 
alcohol and other, but is sparingly soluble in 
ether alone, one part of glycerol, sp.gr. 1 '23, 
requiring about 500 parts of ether. It is 
therefore impossible to extract glycerol from its 
aqueous solution by means of ether. Glycerol 
is soluble in acetone. Nine parts of glycerol 
dissolve in 100 parts of ethyl acetate. It is, 
however, insoluble in chlorotorm, light petro¬ 
leum, carbon disulphide, or benzene; it is also 
insoluble in oils and fats {Lowkowitsch). 

On heating glycerol slowly in a platinum dislj 
to 150°-100®, it evaporates gradually without 
leaving a residue; aO 150*^ it will burn with a 
bluish non-luminous flame without omitting any 
odour. If, however, glycerol is heated rapidly 
in a platinum dish, it bums with formation of 
aoroleln, and yields a residue consisting of 
pol.'^lycerols. 

The penetrating smell of*aorole!n (which is 


also noticeable when glycerides arc burnt, c.y, 
when an oil lamp or a tallow oaudle has been 
blown out) sorvcii as the most chai-acteristic 
reaction for the detection of the smallest quan¬ 
tities of glycerol. For this purpose, it is best to 
mix the sulistancc under examination with 
dcliydratmg subalaiiccs, sucli as potassium 
liydi'ogim Ruljihate. and heat rapidly, wlieil 
acrolciii is readily formed. The most delicate 
r<!ag(“nt for detecting acrolun m an aipjoous 
Hfilution i.H an ammoniacal solution of silver 
nitrate (reduction to ineta!li<^ silver.with pro¬ 
duction of a mirror). With Schifl's reagent, a 
solution of rosanilim* wliicli has b(u‘U previously 
fle(tol<jrised by sulpliur dio\i<ie, the yiink colour 
is n'stored. 'Plur lattf'r reaction, however, is 
les.s delicate than the silver test. 

Glycerol has [loworful solvent properties ; 
it combines in this respect the properties of 
water and of ordinary aliaihoi ; many substances 
dissolve even more easily in it than in cither of 
the.se two latter liquids. The following table of 
solubilities Will servo to illustrate* this :— 

100 parts of glycerol dissolve at ir»‘’ 08 pari-s 
of crystal soda ; (50 parts of borax ; 50Ti parts of 
potassium arsenate ; 50 part« of sodium arsenate; 
50 part-s of zinc (‘blonde; 48’H parts of tannic 
iieid ; 40 parts of alum ; 40 parts of zinc iodide ; 
40 parts of potassium iodide ; 35*2 parts of zinc 
sulphate; 32 jiarts of potassium cyanide; 
30 Jiarts of copper Huljihaie ; 25 jiavts of ferrous 
sulphate; 25 patis of jiotassium bromide; 
20 parts of lead acetate.; 20 parts of ammonium 
earbonate ; 20 jiarts of arsenious acid ; 20 porta 
of arsenic acid ; 20 parts of ammonium chloride ; 
15 Jiarts of oxalic acid ; 11 parts of boric acid ; 
10 Jiarts of barium chloride ; 10 parts of copper 
acetat,<’i; 10 parts of benzoic acid; 8 parts of 
sodium bicarbonate; 7T) parts of mercuric 
chloride; 5 jiarts of ealcium sulphide; 3'7 
Jiarts of jiotossium chloride; 3*5 parts of 
potassium chlorate ; I *0 parts of iodine ; about 
1 part of calcium suljihate ; 01 part of sulphur ; 
()'25 part of phosphorus. 

An aijueous glycerol solution, of the sp.gr. 
1*114, dissolves ()'957 ji.c. of calcium sulphate. 
Metallic soaps (which are insoluble in water) are 
to some extent dissolved by glycerol; thus ; 
JOO parts of glycerol, sp.gr. id 14, dissolve 
0*71 part of iron oleate, 0*04 part of magnesium 
oloate, and 1 -18 parts of calcium oleate. 

Glycerol is compk^tely oxidised to carbon 
dioxiJe and water by potassium dichromate in 
an acid solution. In a dilute aqueous solution, 
•and in the presence of caustic alkali, potassium 
permanganate oxidises glycerol so definitely to 
oxalic acid and carbonic acid (under the con¬ 
ditions stated below) that this reaction may be 
used for its quantitative determination (provided 
no other organic substanco yielding oxalic acid 
bo present). 

Dry potassium permanganate reacts violently 
with concentrated glycerol. If finely powdered 
pota^ium permanganate be heaped up to form 
a small truncated eone and concentrated glycerol * 
be poured into a hole made on the top, lumes 
escape; after a very short time the glycerol 
commences to froth and ignites spontcmeously 
with violent evolution of gases. 

Glycerol treated with hydrogen peroxide in 
presence of a ferrous salt yields glyceric aldehyde 
CHaOH*CHOH*CHO. 
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By gentle oxidation with nitric acid, glycerol j 
yields glyceric and oxalic acids, together with ; 
lonnic, glycolli^^ glyoxylic, and racemic acids. ; 
The glyceric acid so obtained is a racemic com- j 
pound which can l)o n'solvcd into optically 
active enantioni(jrj)hmis glyceric acids (L(^wko- 
witsch, Ber. IHSIl. 2720). 

A strong a([ii(!ous Kojutioii of glycerol reduces 
Barreswil’s (l'\!hling’H) Holutinn only slightly. 
On boiling the solution for 10 minutes, and 
allowing it to stand for 24 to 48 hours, a red or 
A yellow procipitati! is ol>tained. If, liowover, 
the glycerol bo diluted pntviously witli 10 times 
its bulk of water, no reiliK'tion ocmirs. 

A mixture of g!y{‘(‘f(tl and silver nitrate 
solution b('at('d at tlui tem])erat,iire of boiling 
water wit.ii a lew drops ut ammonia, gives a, 
procupitato of im'tallie silver. If ammonia 
solution })(• adih'il to glyciTol in Die cold, ami 
heat bo then applied, as a rule no n'diution takes 
place on adding silver nilrati!, because the 
ammonia escapes b<‘fore the glycerol has boon 
heated suttiriimMy ; Die addition of euu.stie soila 
or potash, lyiwevi'r, causes metallio silver t^o 
HOjiarale slowly. According to Hullnlieimer. 1 
part uf rnetalijc silver corresponds wiDi 11'll 
parts of glycerol. 

Dlyecrol dissoI\-(‘s caaistic alkiihs, alkaline 
earths, and lead oxide, to form (dieinieal com¬ 
pounds with them. The compounds so formed 
arc termed intU.allie glyeeroxides. binu‘, stronl ia, 
and baryta are jirempitated nearly eoni])l{'telv 
from such solmions by carbon dioxide, a small ; 
quantity only of the eartlis escaping preeipitii- ! 
tion, fn the presence of caustic alkalis, glycerol ; 
also dissolves feme oxidi*, eupric o.xide, and 
binmutli oxide, no doubt in conseqvienee of tin; 
formation of soluble I'ninjiounds (riietallie 
glycoroxides), such as are repn'seiited by mono- 
8odiumeu}iroglyeero\ide (.yrc below). The 
oxides enumerated aliove are not redueod to 
metals, or at most only to their lo^l'er oxides. : 
The following oxides • silver oxide (fip. above), 
gold oxide, inereury oxide, rliotlmm oxide, 
palladium oxide, and platinum oxide (.'VgaO, 
AujOa, HgU, IDiDo, PdO, PtOj), are reduced to 
metals wlien heated with alkaliiu! glycerol solu- 
tio^i (Bullnheiiner). 

Tlio groat solubility of /.inc sulphate, as also 
of nickel, cobalt and eopjier sulphates, in glycerol, 
is explained by tlio fad that tlioao salts combine 
witli three molecules of glycerol to form com¬ 
pounds (Griin, B('r. 11H)8, WbJ)) of the general 
formula: 

(M-3C,H«0,)SO„H,0 

For these compounds, the name ‘ glyeorinatea ’ 
has been ])roposod by (Jriin, in order to distin- 
guisii thorn from the metallic glyccroxides 
•described above. 

Quantitativk Dkiebmination of Olyoeuin. 

Here only the determination of glycerol in 
commercial products containfiig considf-rable 
quantities of it can be considered. The deter¬ 
mination of glycerol in fermented liquors falls 
outside, the scope of this article {see Beer, 
Wine, &e.). For a description of its methods 
for quantitative determination, see Lewkowitsch, 
Chem, 'J’oehn. 1. For its determination in 
fermentation glycerin, v. Fleischer, *Z. anal. 
Chem. 11)21, 00, 330. 


A diroct method for determining glycerol 
in oils and fata by isolating it, has been worked 
out by Shukoff and Schestakoff. It is necessary 
to operate with a solution containing at least 
40 p.c. of glycerol. If the solution bo mote 
dilute, a quantity corresponding to about 
1 gram of glycerol is carefully evaporated on 
the watcr-baih, the concentration not being 
allowed to reach so high a degree that volatilisa- 
: tion of glycerol can take place {i.c. a concentra¬ 
tion of about 50 p.e, must not l>e exceeded). 
Before evaporating, the solution is rendered 
slightly alkaline with potassium carbonate, 
'riic. eonc^uitratcd sfilution is then mixed with 
: 20 grams of ignited and powdered anhydrous 

■ sodium Hulpliate and exhausted in a Soxhlet 
I extractor w'lth iinhyrlrous acetone (previously 

■ well tlrii'd ovit ignited potassium carbonate), 
j As acetone attacks botli cork and indiarubber, 

I all connections must be made with ground-glass 
I fittings. The extraction requires several hours, 

and the results, al. best, arc only approximately 
correct. 

As A rule, the determination of glycerol in 
; ()ils and fats is carried out by on<' of the following 
indirect methods. 

Permanganate process. The glycerol solu- 
; Don is made strongly alkaline and a conecn- 
i trated solution of potasKiuni permanganate is 
added at th(^ ordinary temperature, until the 
solution is blackish. The glycerol is converted 
(piantitatively into ox’alie acid, carbon dioxide,, 
and water, according to tlie following equation ; 

3Oj-0J1,Oj fCO, + 3TT.O 
This reaction, originally suggcHf-cd by Wanklyn 
and Fox, has been worked out as a 
(piantitative method by Bcnedikt and Znig- 
! mondy. Tlio excess of }>ermanganato is do- 
! stroyod by adding a solution of sodium sulphite, 

' and the oxalic acid is determined by precipitating 
it as calcium ox'alatc. It is essential that otKer 
substances which form oxalic arid on oxidation 
must be absent. (For a full description of the 
details of thi.s method, cf. Lewkowitsch, Chem. 
Toehn.) Other oxidation methods leading 
to the complete combustion of glycerol, can 
I only be employed in the complete absence of 
' organic impurities, 

Acetin process. In cose an impure glycerin 
be under examination (such a-s the crude gly¬ 
cerins described above), it is most convenient to 
determine the proportion of glycerol by the 
Benedikt-Cantor acetin process, which is based 
I on the quantitative conversion of glycerol into 
I triacetin on lieating the solution with acetic 
, anliydride. If the product of this reaction is 
! then dissolved in water, and the free acetic 
! arid carefully neutralised with alkali, the 
dissolved triacetin can be easily estimated by 
saponifying it with a known volume of standard 
alkali, and titrating back the excess. 

Details of the method are given in the 
Report of the International Committee on the 
; Analysis of Glycerin (p. 441). 

I Chemically pure glycertn. The ])roportion 
! of glycerol in chemically pure glycerin is beet 
I ascertained by determining the sp.gr. {see table 
[ on p. 438) or by oxidising the glycerol by means 
of permanganate, provided organic impurities 
be absent. This is ascertained in the foilowinff 
manner: A someVhat dilute solution is mixed 
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with a cold ammoniaoal silver nitrate solution ; 
the solution should remain colourless even after 
standing for 24 hours. Any acrolein present in 
the sample is detected by the test described 
above. Any polyglycorols, due to faulty 
distillation, are determined by allowing an 
accurately weighed quantity of the samplo to 
evaporate gently at KM)'', ('arc should bo taken 
not to heat too rapidly, otherwise even the purest 
glycerol may b(!(!ome polynn^rised wjth tlie 
production of the very substances that are to 
bo detected. From the weight of the n'siduo, 
the weight of ash, subsecjuontly found on incine¬ 
ration, must be dctlucU'd. The difference 
(‘ tho organic resi<hi('') is a fair indication of 
the care with winch the glyciu’ol luus la'cn 
manufactured. 

The following tal)](i gives the ‘ organic 
residue ’ and ash of a number of ' clnunically 
pure glycerins ’ examined in the autlior’s 
laboral.ory ; th(\v arc arrangoil according l.() tho 
amount of organi(; rcHi<{iic they contain . - 

OncMNic JlnsiuuK and Asu in (’umminutal 

ChKUHUI.DY J’DRK (iLVCKItINS. 

(Lcwkowilscli.) 


No. 

Residue iit- !()()“ 

A.sh 

()rKaiii<' residue 


11 e 

l),r. 

I> c 

1 

0 •03033 

0*00003 

0-0243 

2 

0-()27(; 

0-()()30 

()-024() 

3 

0*0377 

0*0050 

0*0327 

4 

()*0‘B)8 

0*0138 

0*0300 

5 

0*04/52 

0*0081 

0*0371 

(i 

0-0509 

O'OOOO 

0*0443 

7 

()*0(;5(> 

()*()139 

0‘()517 

8 

U-0748 

0*-J000 

0-0738 

9 

0*0905 

()*()l.54 

0-0751 

10 

0*1047 

0-(ll90 

0-0857 

Jl 

()-l23li 

0-0305 

0*0931 

12 

0*K)2l 

0*0183 

0*1438 

13 

0*8000 

0*20iM) 

0*0970 


From this table, rules fur tiie valuation of 
commercial elieiiiically jnirt} glycerins may be 
derived. The first six samjilcs certainly deservo 
the name of chemically pure glycerin, the follow* 
ing four samples reprc.scnt lower qualities unlit 
for pharmaceutical purposes, whereas tho last 
two samples are merely glycerins, refined by 
distillation; the last sample would be rejected 
as unsuitable even by dynamite makers. Sample 
No. 2 represents a choniically pure glycerin, 
manufactured by the author on a.largo scale 
from soap-lye glycerin, in 1890 {rf. Lowkowitsch, 
Year-Book of Pharmacy, 1890, 382; cf. also 
Thorpe, J. Soc. Chem. Ind. 1895, 720). 

Chemically pure glycerin must further bo 
free from all but the most minute traces of 
arsenic. This is ascertained by a modification 
of Gutzeit’s lest {cf. LewkowitschjChemTechn.) 
substituting mercuric chloride for silver nitrate. 

According to Kebler and Fuller (U.8. Kept. 
Agric. Bureau of Chem. Bull, 1912, 150), glycerin 
of the best quality should be neutral to litmus, 
leave no ash on ignition, and have sp.gr. of 
about 1*260 at 25*^. It should not emit any 
odour when heated on the water-bath, or any 
fruity odour when warmed with alcohol and 
sulphuric acid. It should not contain sulphates, 
ohiorides, oxalates, metals, or sugars, ana when 
mixed with on equal volume of water must 
not reduce Barreswira (Febliftg’s) solution, It 


should show at most a yellow coloration in 
Hager’s tost, according to which 6 o.c. of tho 
samplo are mixed with 5 c.c. of 26 p.c. 
ammonia solution, and 5 drops of silver nitrate 
solution, and loft in tho dark for 15 minutes 
at the ordinary temperature. 

The British Pharmacojioeia (1914) requires 
glycerin to liave sp.gr. 1 ^fiO, to leave no 
ap[)?’ecial)le a-sb, to be free from lead and 
copper, atul not to contain more than 2 parts 
of arsenic ]>er million. 

Distilled glycerin (dynamite glycerin). The 
proportion of glycerol in f.h<«e produces is best 
determined by iliii acotin inefbod. ‘Dynamite 
glycerin ’ is UHUally sold according to a specifica¬ 
tion agreed upon between buy<'r and seller. Tho 
folkiwing conilitiotiH arc usually stipulated ; 
sp.gr. not Ih'Jow l'2bJ ; alxsence of lime, magnesia 
and alumina; absence of more than traces of 
chlorine and of ai’scnie ; amount of organic 
impurities, and total ro.sidue not to exceed a 
fixed quantity. In addition flicreto, the 
‘nitration and separation’ tosts must bo satis- 
fact'Ory. 

Crude glycerins. All conunereial iransac- 
tiojiH are now based on t.lie following Report of 
file int(‘rnational I’ominitteo on the Analysis of 
(Viide Glyiienn (1911), the inqiortanec of which 
demands that it should be given in full:— 

Lntkknatioval SrANDAKi) Miimous (1911). 

‘ Analysis of Crude Glycerol. Thu valuation 
of eriule glycerol has in recent years assumed 
greater eommeiciiil importance owing to tho 
increaseii value of tlio coiiiinodity. Tho want 
of uniformity in tho mctliodH and proeeMses of 
analysis, together witli tho irregularity of the 
results obtainiul, oinpliasised the desirability 
for tlie Htandardiwation of crude glycerol 
analysis ; so with this objeot in view committees 
were formed in America, J^Vanco, Oorman 3 % and 
Groat Britain. Tlieao oomniittoes worked in 
tlie first instance independently, but wore ulti¬ 
mately brought together, and after a series of 
conferences the conclusions arrived at by tho 
various committees wore summarised, apd 
drawn up in tho form in which they are now 
resented. Tho methods detailed in this report 
ave the unanimous support of each of tho above 
committees, and are strongly recomntended by 
tiiein as International Standards. 

‘ Sampling. Tlio most satisfactory method 
available for sampling crude glycerol liable to 
contain suspended matter, or which is liable to 
deposit salt on settling, is to have the glycerol 
sampled by a mutually approved sampler as 
soon as possible after it is filled into drums, Bht 
in any case before any separation of salts has • 
taken place. In such coses he shall sample 
with a sectional sampler (a suitable sampling 
apparatus is described in an appendix to the 
report), then seal the drums, brand them with a 
number for identification, and keep a record 
of the brand number. The presence of any 
visible salt or other suspended matter is to be 
noted by the sampler, and a report of same made 
in his certificate, together with the temperature 
of the glycerol. Each drum must be sampled. 
Glycerol which has deposited salt or other 
matters cannot be accurately sampled from the 
drums, but an approximate sample can be 
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ol»tainc(l )>y ineanfl <)f tho sectional sampler, 
which will allow a complote vertical section of 
t.hoi glycerol (o taken, including any deposit. 

‘ Analysis, f 1) iMcrmination of Free, Caustic 
Alkuh. -Weigh 20 grams of the santplo into a 
100 {■ V. llask, dilute with apfiroxiniiite.ly fiO c.e. 
of fresidy heilc(l distilled water, add an ('.xcess 
of iieuti'al biuitini eldonde sidutiun. 1 c.e. td 
jihenolphtliali'in solution, make up to tlic mark, 
ami mix. Allow the prf'cipitatc to Hcttle, draw 
(dT 50 e.c. of the < lear Ji([Uid, and titrate with 

normal ae irl tlaleulall' to [i.c. of Nad) 

existing as eaust-ii' alkali. 

‘(2) Dclrrtiinialioii of As'A otnl Tola! Alka- 
f/mO/.--Weigh 2 i'O 5 grams of I lie sample in a 
ilatinum dish, burn olT tlu5 glyemol over a 
uininouH Argand Imrner, or otlu'r source of 
heat giving a low-flame t'empi'ratui’i*, the 
tiMTijieratures bring kept low’ to avonl \dlatilisH- 
tion, and 1 be fi»rma1 ion of suljilinles. W'iieri the 
mass IS eharred to I.lie ])oint that water will md. 
hei’ome coloured liy solulile orgiini<’ mat.ter, 
lixiviate witli hot' distjlled water, fiH'iT. woisli. 
and ignite tlu’ resiiiue in tlio platiiiiim disii. 
Heturn the liltrale and washings to fne <lisii, 
evaporatt', and earefniiy igiidf without fusion. 
Weigh the ash. Ihssolvi' flic* ash in distilled 
w’atcr. and fitrafe total alkalinity, using as 
indieaior metliyl oninge cold or iilmns boding. 

' (:)) Ikirntiimiliov of Alkrib 'i>rcsrnt ns 
t.’nrho/ndr —Take l<i grani.s of llu' samph-. 
dilute with 50 e.e. dislilled watiM’, add suflieiiml : 

N 

j ai'id lo neiilralisi' the total alkali found at 

(2). boil und(‘r a reliux eondmiHer for Id to 20 
mimitos, wash down tlio uondoii.'ier tube witli 
distilled water free from carlmn dioxide, 

and titrate back witli j NaOK, using phenol- 

]ihlhaleiii as indn'ator. lialeiihite ^ho p.c. of 
Na^O. Deduct tin* Na^O found in (1). Tho 
dillerenee is the ]).e. of Na^D existing as car¬ 
bonate. 

‘{4) Alkah C'mhinal icUlt Oryaitic Acids .— 
The sum of the [).c. of Ka_,0 found at' (1) and 
(if) doduct'C'd from 1h(‘ ]) e found at (2} is a 
measuro of tin* Na.^O or oDht alkali combined 
with organic acids. 

{rt)^-J)(‘tiniiin(ilion of Aridili /.—Take 10 
gram.s of the sample, dilutsi with 50 c.c. of dis¬ 
tilled water free from carbon dio.xide, and 
N 

titrate with ^ NaDlI ami }ihenol])hthalcin. 

Express in terms of NiigO rinjuirod to neutralise 
100 grams. 

‘ {(>) iJeU mil nation of Total Tesidiic at 
For this determiiiatiun tho cnulo glycerol 
should bo slightly alkaline with not 

exceeding tho equivalent of 0’2 p.c. NaoO, in 
order to prevent loss of organic acids. To avoid 
formation of polyglyt'crol, this alkalinity must 
not be exceeded. ' * 

'Preparation of (Uiinrol .—Ten grams of the 
sample are weighed into a 100 c.c. flask, diluted 
■with water, and tho calculated quantity of 
N 

HCl or Na._j0O3 added to give the required 

degree of alkalinity. The flask is filled to 100 ; 
c.c., the contents mixed, and 10 c.c. measured 
into a weighed IVtri or similar dish 2'6 inches 


diameter and 0-5 inch deep, which should have 
a flat bottom. In tho case of crude glycerols 
abnormally high in organic residue a less quan¬ 
tity is to be evaporated, so that the weight of 
organic rcsidmi does not materially exceed 
110 In 40 inilligrain.s. 

‘ h'luporafion of Ifu (Ihirnol .—The dish is 
placed in a watt*r-bu1h (the top of tlic 100° 
oven acts (M(uaily well) until most of tlie water has 
evaporated, i’rom this point the evaporation is 
effected in the ovmi. Sati-nfactory results are 
obtained in an oven measuring 12 inches cube, 
having an non plate f inch tiiiek lying on the 
i bottom *10 di.stnhuio the heat. ^Strips of 
■ Hsliestos inillhnard are jilaecd on a shell half- 
j w’ay iij) t'lu‘ oven. On these stfjjiH the dish 
' eontaining the glycerol is jilaced. 

‘ It tlio lemperatun' of tho oven has been 
adjusted to lliO"' with the door closed, a tem- 
[leratuH' of 130° to 140 ' can be readily main- 
taiimd witli the door partially open, and the 
glyemol. or most, of it, .should be evaporated otf 
at this teiuperatiin' When only a sliglit vapour 
is .semi to come off, the ilish is nutioved and 
allowed (.<1 I'ool. 

‘An addition of 0 5 to I e.c. of water is 
iiuulc. and by a rot'Utory motion the rosidun 
iu'ouglit wholly or neaily into Holution. Tho 
(li.sli IS then allowed to remain on a wator-bath 
or top of tlie oven until th(‘ excess water has 
evaporated and the residue is in such condition 
tliat on returning td the oven at. 1110° it will not 
sjiit. The time taken ufi to this point cannot 
be (ielinitely given, nor is it ol importance, 
[Tsually 2 to 11 hours arc required, i’rom this 
point. Iiowcner, the seliedule of time must bo 
strielly adlu'ied to. Tli(‘ disii is allowed to 
remain in the oven, the temperature of which 
IS carefully maiiitaineil at 100' for one hour, 
when it is removed, cooled, the residue treated 
witli water, and tho water evaporated as before. 
The residue is then sulijeetcd to a second baking 
of one iiour, after whicdi the dish is allowed to 
cool in a (h'siccator over sulphuric acid, and 
weighed. The treatment with water, Ac,, is 
repeated until a constant loss of 1 to 1 '5 milli¬ 
grams per hour is obtained. 

‘ ('oirrctifois to be applied to the Weight of 
Total Ucsidue .—Tn the case of acid glycerol, a 
correction must be made for the alkali added. 
N 

One c.c. j alkali represents an addition of 

0*022 granl. In the case of alkaline crudes a 
[ correction should lie made for the acid added. 
Deduct tho increase in weight due to tho con- 
' version of tho NaOH and NagOOg to NaCl. 
Tlio corrected weight multiplied by 100 gives 
tho percentage of total resuhie. at 1(50°. 

‘ Preserve the total residue for the deter- 
mination of tho non-volatile acctylisable im¬ 
purities. 

‘ (7) Organic Residue. —Subtract the ash 
from tho total residue at 160°. {Note. —It should 
be noted that alkaline salts of organic acids 
are converted to carbonates on ignition, and that 
the CO 3 radicle thus derived is not included in 
the organic re-siduc.) 

‘ ( 8 ) ^foiflturc .—This test is based on the 
fact that glycerol can be completely freed from 
water by allowing it to stand in vacu6 over 
sulphuric acid phosphoric anhydride. Two 
to throe grams of very bulky asbestos freed 
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from aoid soluble matorial, wliich lias previously 
been dried in a water-oven, arc placed in a 
small stoppered weighing-bottle of about 
15 c.G. capacity. The weighing-bottle is kept 
in a vacuum desiccator furnished witii a sufijily 
of ooncpntratiMl Hulpliui'K^ acid under a jiressuro 
eriuivalont to 1 to 2 niin. of increury, until 
constant in weight. From I to 1*5 grain of the 
sainjile is thou eanifully drojiped on t^o l,h<“ 
asbestos in such a way tliat it will be all ahsoi bcd. 
The weight is again taken, and the bottle 
replaced in the di'siceator under 1 to 2 mni. 
pressure until eonstaiit in weigiit. At 15 the 
weight 18 constant in about, 48 lumrs. %\t lower 
temperatures the tef't is jirolongcd. 

‘Tile Hulphune acid in lli<^ dosieeators itiusi 
be frequently renewed. 

‘ Acetin Process for Glycerol Determination. 
This process is tins one agreed u])on at a Con¬ 
ference of Delegates from the Anucrican. British, 
Jc’rcneli, and (lennan (•oiiiniitt.ees, and iias lieiui 
confirmed by c'aeii of t,ln‘ above (’oMiiiiitteea as 
giving results nearer to the trutli on erudes in 
general, and is the process to be* used (it ap])iic- 
uble) wiuuK'ver only one nu'tliod is employed. 
On pur<» glycerols the methods uro identical 
with those of the dichroinab* ^iroeo.ss. For the 
application of this ])roce8s the crude glycerol 
should not contain o\ej 50 p.e. water. 

‘The following leagents are required :— 

‘1. Best Awhe Anlni'h idv. —'I’his sliould be 
carefully Hcloeted. A good stinjile must not 
require more tlian 0‘I e e. normal NaOlf for 
saponilication of the impurities when a blank is 
run on 7T) e.e. Only a slight eolour should 
develop during digestion of the blank. 

‘2. Pure Fh-hhI Sothirm Aainte. —Tlie jnir- 
chasod salt is again eonqilet^eJy fused m a 
platinum, silica, or nickrd tlish, avoiding charring, 
owderod quickly, and kppt in a stoppereil 
ottlo or a desieeator. It is most imjiortant 
that the sodium aectatii bo anhydi'uus. 

‘ 3. A iVo/idnui. of Fotititm Bydroxide for 
Neutralising, of about N Strength, free fnmi 
Carbonate. —This can be readily inacie by dis¬ 
solving pure soiinnn liydroxide in its own woiglit 
of water (preferably water free from carbon 
dioxide), and allowing to settle until clear, or 
filtering througli an asbeHios or paper filter. 
Tho clear solution is diluted with water free 
from carbon dioxide to the strength required. 

‘4. Normal Sodium Hr/droxide, free from 
Carbonate. —Prepared o-s abo\.', and carefully 
standardised. 

‘ Some sodium hydroxide solutions sliow a 
marked diminution in strength after being 
boiled ; such solutions should be rejected. 

‘ 5. Normal Acid. —(Carefully standarflised. 

‘6. Phenolphihaltxn Solution. —0’52>.c. plicnol- 
phthalein in alcohol and neutralise. 

‘ The Method.—I nto a narrow-mouthed flaek 
(preferably round-bottomed), capacity about 
120 O.C., which has been tfioroughly cleaned and 
dried, weigh accurat^y and as rapidly as possible 
1*26 to 1'5 grams of the glycerol. Add first 
about 3 grams of the anhydrous sodium acetate, 
then 7'5 c.c. of the acetic anhydride, and connect 
the flask with an upright XJebig condenser. 
For convenience the inner tube of this condenser 
should not be over 50 cm. long and 9 to 10 mm. 
inside. 

‘ The flask is connected ^ the condenser 


by either a ground glass joint (preferably) or a 
rubber stopper. If a rubber stopper is used, it 
should have hod a preliminary treatment with 
hot acetic anhydride vapour. 

‘IJeat the contents and keep just boiling 
for 1 lioiir, taking jireeauf.ions to prevent tho 
salts drying uii the sides of tlio flask. Allow 
tlie lla.sk to cool somewhat, and through the 
eondeiiHcr tube add 50 c.c. of the carbon-dioxido- 
free distilled water, heati^d to about 80*^, taking 
care that tlio flask is nut loosened from the 
condenser. The object of cooling is to avoid 
any suddi-n rush of vapours from the flask on 
adiling watiT, and to avoid breaking the flask. 
Tune IS saved by adding the water before the 
contents of tho iiask solidify, but the contents 
may be allowed to solidify, and tho test pro¬ 
ceeded wilii tlio next day witliout detriment. 
The contents of tlie flask iiiay bo warmed to, 
ijut must not exei'ed, 80'', until tho solution 
IS eomjileU', exee])t a f(‘w <lark flocks repre¬ 
senting organic imjiuntios m tho .crude. By 
giving the flask a rotatory motion .solution is 
more <iuiekly on'oeied. (lool the flask and 
cionti'iiis witliout loosening from eondenser, 
When (iiiito cold M'asli down tho insiilo of tho 
eimdensor tube, detach the flask, wiisli off 
stopper or ground glass eoiirieetion into tho 
flask, and filter contents of flask through an 
iieid-woshod filtiT into a Jena ghuss flask of 
about 1 litre capacity. Wash thoroughly with 
Cold distilled water free from carbon dio.xidc. 
Add 2 e.e, of iflienolphthaleln solution (F), thon 
run ill .sodium hydroxide solution (C) or (D) 
until a faint pinkish-yellow colour appears 
tlirou-rliout tlio solution. This neutralisation 
must be done most earefully. The alkali should 
b(t run down tiiu sides of tJio flask, tho contents 
of which are kejit rapidly swirling, witii occasional 
agitation or eliange of motion, until tho solution 
IK nearly iK^ilruliscd. as inrlicated by the slower 
(lisapjiearanre of thc» eolour dovi'lopod locally 
by tlie alkali running into the mixture. When 
tliis point m reaeljcd tho sides of the flask arc 
washed down with carben-djo.vide-frco water, 
and tlie alkali subsequently added drop by drop, 
mixing after oaeh drop until the dtwired tint ,18 
obtained. 

‘ Now run in from a burette 50 c.c. or a 
N 

calculated excess of NaOH, with ^ ugid (E) 

until the pinkish-yellow or chosen ond-point 
colour just remains. A further addition of the 
indicator at this point will cause a return of the 
pinkish colour; this must bo ncgloeted, and tho 
first ond-jioint taken. 

N 

‘ From tlic ^ NaOlI consumed calculate tho 

percentage of glycerol after making tho correc¬ 
tion for the blank to.st diiscribcd below. 

N 

‘ I c.c. of ^ NaOH -- 0 030()0 gram of glycerol. 

The cbeftieiont (ff expansion for normal bo1u» 
tiona is approximately 0‘00033 per c.c. for each 
degree C. A correction should be made on 
this account if necessary. 

‘ Blank Test .—As the acetic anhydride and 
sodium acetate may contain impurities which 
afloct the result, it is necessary to make a blank 
best, using tho same quantities of acetic anhy¬ 
dride aud sodium acetate as in tho analyBis, 
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After noutraliBing the aeotjc acid it in not 
necessary to add more than 5 c.c. of the 

alkali (J)), ae tliat represents the excess of 
alkali iisiiaily left after saponification of the 
triaeetin in the glycerol determination. 

‘ IMfrminahun of ihr Gli/arol Value of the 
AerJu/mhIe /m/imdiVw.—Tlie' total residue at 
l(!0“ is dissolved in 1 or 2 c.c. of waler, washed 
into a clean acctylising flasli, 120 c.c. capacitv. 
ond the water evaporated Now add unliydroi'is 
sndinni acetate and proceed as in tlie glycerol 
determinations licforc ihrscrilied. (lalcidiite t.lie 
result to glyecrol, 

‘dllufi/.iM of the Arrlir Aliln/:!rulr.- Into a 
weighed Hloppcnid vessid, eontnining 10 to 20 e e 
of water, run alinnt 2 c.c. of the luihydnde, 
replace stopper, and weigh; allow ti/slaiid, 
with oreimional shaking for .several hours, 
till all anhydride is hydrolysed ; then dilute 
to about 200 ^e.e., add jilu'noljihfliaiein, and 

titrate with ^ NatIH. Tins gives the total 

acidity due to free aeetie acid iiiid acid fornii-d 
from anhydride, 

‘ Into ji stopiKTcd wn'Kliini'-hofilo containinir : 
a known weitilit of romiMy dintiUrd aniline : 
(from 10 to 20 e.e.) nieaHnro ahoiil, 2 e.e. of the 
HHinplo Htopper, iniv, allow to cool, and wi’i^rh. 
vVa«h conteiitH into aiioiil 200 c.c. of eold 
water, and titrate acidit'V an hcforc. 'l’)ii« 
yields the acidity duo to tlu‘ ordinal, pTofornuMl, 
aootic acid ])lus oik? Iialf tho acid duo to anhy¬ 
dride (Cho othor half liavnii^ formed aeotaniiido); 
eubtraet tlic H«‘confl roHuIt from tlio first (both 
calculated for JOO ^inims) and double rosult, ! 

obtaining o.o. ^ NnOJf por 100 gram samiilo. 

One e.e. NaOir oquale U-or>IO gram of acolic 
anhydride. 

« 

*1)IOHHOMATK ThoCKSS >'0U (JlYOKROL DrtKR- 
MINATlON. 

required, (u) J^urc Pota,'i^iuvi. 

Dichrowatc powdf'rod and dnod in air fri'o from 
cbwt or organic vapours at 1 lU' to 120°, Tins is 
taken as tho standard. 

‘ (/>) Dilute Dichmmaie Solution .—7 4504 
grains of the above tiichromalo (u) are dissolved 
in disl^led water and tho solution made up to 
a litre at ir>\5°. 

‘(c) Ferrou.-} Ammonium Sulphate. —l)iB.solvo 
3‘7282 grams of potoassiuni diehrornatf^ («) in 
60 c.c. of water. Add 50 e.e. of SOp.e. (by volume) 
acid and to tlie cold undiluted solution 
add from a weighing-bottle a moderate excess 
of the ferrous ammonium sulphate, and titrate 
back with the dilute dichromate (5). Calculate 
tho value of the ferrous salt in terms of dieliro- 
mate. 

(d) Silv€T Carbonate .—This is prepared os 
required ; for each test from f40 e.e. of 6*5 p.c. 
silver sulphate solution by precipitation with ■ 

about 4*9 c.c. j- sodium carbonate solution 
(^ littio loss than the calculaU'd quantity of ] 
j sodium carbonate should be used; any ’ 

excess of alkali carbonate p^vents rapid settling), i 
settle, decant, and wash once by decantation. i 


; j ‘ (c) Subacetate of Lead.—Boil a pure 10 p.c. 
j lead acetate solution with an excess of litharge 
, lor one hour, keeping tire volume constant, and 
■ I filter while hot. iiisrogard any precipitate 
, j which subsequently forms. Preserve out of 
j contact with carbon dio.\ide. 

• j ‘ (/) J'ota.smiim ferroryanidr.—A very dilute 
, I Holutioii containing about ()•) p.c. 

I ‘diiE MjbTiion.—Weigh 20 grams of tho 
glyc(‘rol, fliintc li. 250 c.c., and take 25 c.c. 
Add Die ,sil\(‘r carbonati', allow to stand, with 
I occasKiiiaj auitiition, for about 10 minutes, and 
! llien add a. slight (‘XC(‘ss (about, 5 c.c. in most 
cases) (ft the hasii' lead acetate (c), allow to 
stand a fi'w minutcK, ddutc with distilled water 
to 1(1(1 c.c , and (Ik'H add 0'15 c.c. to compensate 
tor the volume oi ( lie precipitate, mix tlioroughly, 

; filter tlirough an air-dry filter into a suitable 
, narrow-mouthed vc'ssel, nqecting the first 
10 c.c., and rct-uiai tilti'atc if not clear and 
hriglil. 'Pest a portion of tlie filtrate W'ith a 
iitt](“ basic lead acetati*. which sJiould produce 
no furthc'r pi’ecijulatc (in the gjcat majority 
; of cases 5 c.<‘. is anijile.) Occasionally a crude 
glycc'i’ol will he found risiuiring rnori’. and in this 
; case anoliici aluniot ol 25 c<. of the dilute 
! glycerol .should hii taken and ]im'ifi(*d with 
(i (^c^ of thr‘ basic ai'ctate. {'are iiiUHt be taken 
to avoid 11 , marked (“xccss of liasii* acetate. 
Measure otT 25 c.c. of t,he dear filtrate into a 
glass flask or beaker (jux'viously cleaned with 
potiasKimn dicliioniab' and Hiilphuric acid). 
Add 12 dm]»s of sulphuric acid (I : 4) to pro- 
cipitatc^ the small excess of lead as sulplmte. 
Add JP72H2 gr-ams of I he powdered dichroniate 
; (a) Kirise down the dichroinuto wilii 25 c.c. 
of water and stand, with occasional sliaking, 
until nil file dichroniatr* is dissolved (no rcduc* 
lion Will take jilace). 

‘Now add 50 c.c. of 50 p.e. sulphuric acid 
(by volume), and iinmei’se tfio vessru m boiling 
water for two hour.s, and keep protected from 
dust and oi’ganic vapours, such as alcohol, 
until tho titration is completed. Add from a 
weighmg-botlic a slight excess of the ferrous 
ttmnmmum sulpliatc (('), making spot tests on a 
porcelain iilato with tiio potassium ferrocyanide 
( f). Titrate back with tlio dilute dichromate. 
From the amount of dichromate reduced 
calculate tho percentage of glv<'erol. 

‘1 gram glycerol equals 7'4564 grams 
dichromate. 

‘1 gram dichromate equals 0*13411 gram 
glycerol. 

‘Notes'. —1. It is important that the con- 
contration of acid in the oxidation mixture and 
tlio time of oxidation .should bo strictly adhered 
to. 

‘ 2. Before the dichromate is added to the 
glycerol solution it is e.'^sential that the slight 
excess of lead be precipitated with sulphuric 
acid as stipulated in the process. 

‘ 3. For “ crudes ” practically free from 
chlorides the quantity of ailvor carbonate may 
be reduced to one-fifth and the basic lead 
acetate to 0*5 c.c. 

4. It is sometimes advisable to add a 
little potassium sulphate to ensure a clear 
filtrate. 

‘ Instructions (or ealenlatlng Actual Glyoarol 
Content.—1. Determine the apparent amount of 
glycerol in the sample by the aeetin process ao 
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described. The result will include acetylisable^ 
impurities if any bo present. 

‘ 2. Determine the total residue at. 100“^. 

‘ Z. Determine the acetin value of the residue 
at (2) in terms of glycerol. 

‘4. Deduct the result found at (II) from the 
percentage obtained at (1), and report tliis 
corrected iiguro as glycerol, if volatile acetyiis- 
ablo impurities arc present, these are included 
in this ligure. 

‘Notes and Recommendations.—Experionco 
has shown that in crude glyc(Tol of go#d com¬ 
mercial (piality t.lj(! sum of water, total residue 
at 100'^, and eorr»?i;tcd acetin result, (;onu!S to 
within O'f) of 100. J'urtli(“r, in such “'crmlcs” 
the dichromate result agrees with tlic uncorreeted 
result to within .1 p.c. 

‘In the event of greater differences being 
found, im]>ui'iiieH such as polyglycerols or 
trimethyJcne glycol, are present. 'I'rnnetliylc'nc 
glycol is mor»‘ volalih^ than glycerol ; it can 
therefore be coniiontraled by fractional distilla¬ 
tion. An aj)proximal.i( n to the (pxantity can 
he obtained from the syircud between the acetin 
and dichromatc results of such di.stdlatc.s, 
trimethylcrH'glycol sJiowing by the foi’inor 
method 80’Gy ]i.c. and by the latter 1I18’3 p.c. 
expressed as glycerol. 

‘ In valuing eriido glycerol for eertarri ]>ur- 
poses it IS neoessary to ascertain the a|)proximate 
proportion of amenie, siiljiludcs, sulphites, and 
tliiosulpliatos. Th(^ met hods f<.)r detecting and 
determining these impiiTities liavc not formed 
the subject of this investigation. 

‘ Recommendations by Executive Committee. 
—If the non-vohitilc! organic rehidue at 100"^ m 
the ease of a soa[» iyo “ crude ” be ov(‘r 2'5 ]).o, 
—i.e. when not eorreeted for I'arbon dioxide 
in the ash—then the residue shall bo examined 
by the acjotin method and any cxcoks of glycerol 
found over U‘5 p.c. shall be deducted from the 
acetin figure. 

‘In the case of sapomticatlon, distillation, 
and similar glycerol the limit of organic residue 
which should not be passed without further 
examination shall bo fixed at 1 p.c. In the 
event of the sample containing more than 1 p.c. 
the organic residue must bo aeetyiated, and any 
glycerol found (after making the deduction of 
0'5 p.c.) shall be deducted from the p.c. of 
glycerol found by the acetin lcs^.’ 

With reference to tliis Report, Grimwood 
(J. Soc. Chem. Ind. 1913, 32, 1039) has shown 
that the oven rccoairnonded therein docs not | 
enable a steady temperature to bo maintained. 
In the case of one. oven he found a maxiinuni 
variation of 4.5“ between the temperatures of 
two shelves. In place of the standard oven he 
has devised an electrically heated oven cased 
with uralite. He also doMcribes an accelerated 
method of evaporating the glycerin, in which j 
the vapours are removed by means of an 
electric fan. 

British Standard Specifications for Soap Ije 
and Saponification Crude Glycerins.— The follow¬ 
ing standard specifications were drawn up by 
the British Executive Comipittoe on Crude 
Glyoerin Analysis, and approved at a meeting 
of glycerin makers, buyers, and brokers held in 
Ijondon on October 3, 1912 


Soap Lyc Crude Qlyctrin, —Analysis to bo 
made in accordance with the International 
Standard Methods. Glycerol :—Tho Standard 
.shall bo 80 p.c. of glycerol. Any crude glyoerin 
tendered wliieli tost 81 p.c. of glycerol or over, 
shall bo paid for at a pro rata increase, calculated 
a.s from tlio standard of 80 p.c. Any crude 
glycerin which kists under 80 p.c. of glycerol, 
but i.s 78 ]i.c. or over shall bo subject to a reduc¬ 
tion of JA times the shortage, calculated at tho 
pro rata jirice a.s from 80 ]>.e. if tho tost falls 
below 78 p.c. t-!ic buyer sliall have the right of 
rejection. yUh .—Tho standard shall bo 10 p.c. 
In tho event of tho percimtagc of ash exceeding 

10 p.c., but nof. exceeding lO'Gp.e., a percentage 
reductioti sliall be made for the excess calculated 
as from 10 p.is. at pro rata price, and if tho 
p(;fe(mtiige of ash exceeds lO'O p.c., but docs not 
exceed 11 p.c., an additional poreentago reduc¬ 
tion sliall be made- equal to double the amount 
m oxcesH of 1() 5 p.e. Jf tlie amount exceeds 

11 p.c. the buyer shall have the right to reject 
the parcel. 

Organic Jiesidue. —The standard shall be 
3 p.c. A jwreentago deduction shall bo made of 
tliree times tho amount in excess of the standard 
of 3 p.e., calculated at pro rata price. The 
buyer shall have tho right to reject any jiarcol 
which tests over 3'75 p.c. 

Sapouijication Crude Glycerin. —Analysis to 
be made in accordance with tho International 
Standard Methods. Glycerol. —The standard 
shall be 8H p.c. Any orude glyoerin which tests 
89 p.e. or over shall bo paid for ut a pro rala 
increase calculated os from the standard of 
88 p.c. Any crude glycerin which tests under 
88 p.e., but is 8(1 p.c. or over, shall bo subject 
to a reduction of 1^ times tho sliortogc, ealcu- 
luted at pro rata price as from 88 p.c. If tho 
test falls bt'low 80 |).c., tho buyer shall have 
tho right of rejection. Auk. —Tho standard 
shall be 0'5 ]).c. in tho event of tho percentage 
of ash excccdiog 0‘5 j».o., but not oxcceding 
2'0 p.c., a poreentago reduction shall bo made 
equal to double tho amount in excess of 0*6 p.c. 
If the amount of ash oxcceds 0*2 p.c. the buyet 
shall have tho right to reject tho parcel. 

. Oryaiiic Residues. —The standard shall be 1 
p.c, A percentage deduction shall be mode of 
twice the amount in excess of the stan&rd of 
1 p.c., calculated at pro rata price. The buyer 
shall have tho right to reject any parcel which 
tests over 2 p.c. 

Estimation of Trimetkylenc Glycol. —Tho pro¬ 
portion of brimethylene glycol in crude glycerin 
may bo approximately estimated by distillation 
under reduced pressure and determining the 
sp.gr. and apparent glycerol content the 
acetin method) of tho distillate (Salway, f. Soc. 
Ghem. Ind. 1918, 37, 123T). From these data 
tho amount of trimethylene glycol raay be 
calculatlod by ineilns of the following formula, 
assuming only glycerol, water, and trimethylene 
glycol to be present• 

Sp.gr. == 14'0'002G3z+0-00063y 

Apparent glycerol content=a;+0'81y 

If the amount of trimethylene glycol is lees 
than 1 p.c., it is necessary to fractionate the 
glycerol, and apply l>ho t^ts to the fraction 
boiling at 110®-2W®. 
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Estkiis (iK (jI^YOEROL. 

The most jinjxntant. csterw of glycerol arc 
tlioHo frojn the combination of one 

molecule of givi-erol with three inoleculeH of 
fatly {i-c]ils. Tliese esti'i's oe(;ur in largest 
(jaiuitities m tlie iialiiral oils and fats -which 
repreMent a niixtiii-e of a innnber of simple and 
mixeil triglyeernl(“.s (.frc Oils, and 

J'’ats). 

Olyc-eiol, being a trihydric ah'oliol, is able to 
form mono-aeid and di-aeid eslms, wliieh uie 
UMimlly dt‘seni)ed as monoglyem'ides and di- 
glyeendes (altliough these terms must la* eon- 
Hid('i‘ed ine.oireii, for tlu' term ‘ monoglyeeruU;' 
sliould more, ajipropnalely be ap])licd to a t-n- 
glyeeridi' eonlaming one ami the same a.<-!d 
radicle, and tie- tenn ‘ diglyei'ruh'' to a tii- 
glyeeridi* contannug two <lilTerent. arid radicles) 
The uionotiljiVi!iili'.s have the general formula : 

Oil 
0 ,H, OR 
O II 

Ai'eording I'O the yiositioii whieli (he fatlv 
acid radicle occupies m (lie tno!(*enle, two iso- 
mene glyeeinh'S may (‘Mst, ns is ('.vplained by 
the following two formnhe, in winch \{ denotes 
the fatty Held radicle .— 

/0-U /OH 

C.IIs on or ejis'-O-R 
' O'jr \o'ii 

Oompounds of tins eoiiijmsitioii eont.iin an 
aHynimetni' lairlioii atom, ami may'tlu'relore 
7 ‘opri-wont raeinmc eompoiindK. Monoglyecrides 
oorrespontlmg to the lirst iorimda are tenned. 
a-inonoglyeendes, and Ibose eoi'resjionding (jO 
the Kocond formula are ternn'd /3 inonoglyeer- 
ides. if a second aeid radicle enters, (h(‘ so- 
called diglyei'i'ides are obtained. Tieoretically, 
two isoinerie diglyeeiides containing the Banui 
fatty acid nelu'Ie are [losHible, us is indicated by 
the following two fonmilin .— 

,0 R (a) /0-R (u) 

. () II (’/S. OH (^) 

O-H (a) ''O-IJ (a) 

The eoinjannuls eonforming to tlie lir.st 
formula are denoted aa (or symmetric) glycer¬ 
ides ; they are jirepared from ad-diehloroliydrin I 
and the salts of fatty acids. The (“oinjioumls 
corresponding to the latter ff>rniula are termed 
aj8 (or unsymmet rie) glycerides; they arc pre- 
ared in a eorrc'spoiuling manner from ^-<11- 
romohydrm. a/8 glycerides contain an asym¬ 
metric carbon atom ; Inuna* the syntlictually 
prepared diglyccndcs are likely to rejnesent 
racemic comjamnds. If one or both of the acid 
radiel(Mi were optically aidive {e.g. if derived from 
ricinolcic, l.•han!mo()grie, or hydnoearjiie acid), 
the diglyocridcs would be optically active on 
that account alone. ^ ^ 

If the two fatty acid railieles arc* different, 
the existence of diglyceridesiiaving the follow¬ 
ing formula! is theoretically possible :— 

/O-Ri /0‘Ri ,0-Rn 

(^allg-O-R. 

■ \0-R, \0'll“ \0-H 

ThcHC diglyceridefi may be termed ‘ mixed 
(liglyoeriiles.^ As they all contain an awyiumetric 
carbon atom they may represent racemic com¬ 


pounds. If one or both acid radicles be derived 
from optically active fatty acids, the diglycerides 
containing them will exhibit optical activity. 

The nionogIye(;ridos and diglycerides do 
i not occur in nature, but v(>ry strong evidence 
; has Ix'cn addueixl tliat these eaters are formed 
! Ill the course of slow hydrolysis of the natural 
I 1 riglycc'i'ides; hence they may be found in 
fats and oils wliuii have boeome. rancid by a 
naturul process on exposure t<i air, light, and 
moisture. 

Glycerol also forms csteifi with inorganic 
acids, stic-b as siiljiliurie, nitric, iiboaplioric, 
liorie, and arsi'nimis acids. 

A mixed triglyceride, containing two acid 
radteles of fatty aciils and one of phosphoric 
I acid, occurs m natuiv as Lenihuu in which two 
I fatty acid radicles and one acid radicle of 
j pliosphoiK' a< id are combined with the glycerol 
' r(‘s1. In tin- pliosplmnc acid radicle, one of the 
i two free OH gioiips is combined with the base 
j ('liolinc, Eecitliin appears to lie a I'cprcHcntative 
I of a whole group of mixed triglycerides (occurring 
: 111 the liver, in the brain, &’e.), whi<-h have, been 
t-cniKMl by Thmliehum, pliosyiliatides, and more 
rceentlv by Leatlies. jihospholipmcs, 

Mixed tiiglycerides contammg, in addition 
i to one or two fatty acid radicles, two or one 
larlicles of inorganic acids other than phosphoric 
I acid iiuve not Ix'im met with in nature; they 
' have, however, been prepared synthotically, 
Re[iresentatives of such mixed glycerides are 
eiilorodilauriii, elilorodiinyristin, elilorodistearin, 
and luonostearoelilorobydrin. 

Tim suljiliuric amd esters of glycerol are ob¬ 
tained b^v dissolving glycerol in coneeiitiratcd 
suljihurie acid. (.)n boiling with steam, tlio 
esters are easily dis.-.ociat-ed into glycerol and 
Mulpliunc acid. All throe possible glyeorol sul¬ 
phuric ugds, gI\’(’erolt;ri8ulj)huric acid, glycerol- 
diHuI[)hiiric ai^’id, and glycorolmonosulphuric 
acid are known. 

Glyceryljihosphoric estei’s are obtained by 
beating pliospliorie acid with glycerol. The 
most imjiortant ester, eoinmotciaUy, is raono- 
glva'eruljiliosphoric acid, wdiich forms a series of 
salts (sodiuin, lithium, ealeiuin, strontium, iron, 
ifee.), largely used in pharmaceutical practice 
(especially in France). 

Lt has been found by Unmoy and Bennett 
(Proe. Bnt. Eharm. Conf. 1914, 22) that the 
composition of commercial calcium glyeero- 
phospliatc varies, it should contain at least 
15 p.i!. of (calcium, and may contain added 
citric acid to increaBc the solubility. The 
magnesium salt should contain not less than 
10 p.c. of niugnosiuin, and the ferric salt at 
least 15 p.c. of non, and bo soluble in 2 parts 
of water. Sodium glycerophosphate crystallises 
with 5 molecules of water. 

J'^or a method of examining glycerylplios- ' 
phorie c-sti^rs, sec (rriinbert and Bailly (Compt. 
rend. 1915, IGO, 207; Bailly, idem. 1915, IGi, 
077). 

Optically active glyccTOplionphoric acid may 
1)0 synthesised by adtiing phosphorylchloride to 
a solution of J-a brumonydrin in dry pyridine 
at below —HP. The bromine is removed by 
lithium hydroxide and the product is isolated 
as nearly purd Lithium d-glycerophospbate 
H0CH,CH(0H)-0tf,-01'0(0U)[a]J,®=+S-81» 
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in aqueous solution. Lithium i-gtyoerophos* 
phate has [a]^^ — —3’02° (Abderhalden and 
Eichwald, Bor. 1918, 51, 1308). 

Of great commercial importance arc the 
nitric esters of which the most* important is 
elyceryl trinitrate, or ‘ nitroglycerin,^ prepared 
by allowing glycerin to run into a inixturo of one 
part of strongest nitric acid and two parts (by 
woiglit) of concentrated sulphuric acid. Nitro¬ 
glycerin is a heavy oily liquid of sp.gr. 1 ’00, 
which volatilises at 100'’ under a pressure of 
15 mra. lbs most remarkable properliy of ex¬ 
ploding violently under (“ertain conditions is 
made use of in high o.vjilosives and ‘ .smoke¬ 
less powders,’ suuli as “ dynamite,’ ‘ blasting 
gelatin,’ ’ gelignite,’&c. (e. Kxplosivks). 

The mono- and dinitrutes of glycerol and 
their chlorides and ethers are emjiloyed as 
ingredients of non-free/ing nitroglycerin blasting 
combinations. The dinitratii of nionocliloro- 
hydrin is used in sueh ex[)losivcs us gelatin 
astralit, gelatin weslfalit-, &c. The nulure and 
explosive character of a-inoLliyJin diuitrate 
(glyceryl methyl ethci' dinitratc) have b(‘eii 
investigated by Trijvor Jones ((Ihem. iSoc. 
Tran.s. 1919, 70) (r. Kxi'i.osiviw). 

(Ilyccryl arsenito is formed by dissolving 
arsenious oxide in glycciv.tl and healing to 250^'. 
Above 250'’ it decomposes. It is volatile with 
the vapours of glyecrol. lienee, when distilling 
glycerin in a current of .superlieated sti^ani (wee 
above), the arsenibe is mthcr volatilised un¬ 
changed, or i.s hydrolysed by the steam ; at any 
rate the distillate contains arsenious aci(i. 
Glyceryl uiMCMite is used m calico printing. 

I’OLlOJA’Cl'JROLS. 

When glycerol is heated rapidly, poly- 
glycerols arc obtained. They arc formed ty 
the combination of several molecules of glycerol 
with loss of water: hence they are formed on a 
large scale during the distillation of glycerin, 
when the bulk of the polyglycerols remains 
behind in the still. The condensation of gly(^erol 
to polyglycerol has been effected bv Louremjo, 
by heating glycerol with moijochlorohydrin. 
(For the application of jiolyglycorols in the arts, 
tfce above.) j, 

GLYCERIN-FORMAL. A condensation pro¬ 
duct of glycerol and formaldehyde. 

GLYCEROLPHOSPHORIC ACID .and GLY- 
CEROLPHOSPHATES t\ Glycerin (Glyckrol) 

GLYCIN is the trade name for the chloride of 
p-hydroxyphenylaminoacctic acid. It is used 
in photography as a developer (also v. Oey- 

CINE). 

GLYCINE. Glycin, Gli/cocine, Glycocoll, 
Aminoacctic acid 

OH.—NH, 
NHj-OH.-COOHor | ' | ' 

cu-0 

(Sakurai, Ghem. Soc. Proc. 1894, 90; 1890, 38 ; 
Walker, Ghem. Soc. Proc. 1894, 94). Glycine 
was discovered in 1820 by Braconnot ( Ann 
Chim. [2j 13, 114) among the products obtained 
by decomposing glue with sulphuric acid. It 
is obtained by decomposing various protein 
substances with sulphuric acid (Spiro, Zeitsch, 
physiol. Chem. 28, 187), and is present as the 
ohi^ amiiKi-acid m the sugar cane (Shorey, 
J. Amer. Chem. Soc. 1897, 881 ; 1898, 137). 


It may bo prepared by treating bromacetic or 
chloracetic acids with ammonia (Perkin and 
Duppa, Annalcn, 108, 112; Kraut, Bcr. 1890, 
2577 ; Mauthner and Suida, Monatsh. 11, 374 ; 
Goldberg, Kunz and Kraut, Annalen, 266, 
295); by treating chloracetic acid with ammo¬ 
nium carbonate (Nenc^ki, Bcr. 1883. 2828); by 
paH.sing cyanogmi into boiling hydriodic acid 
(sp.gr. 1 •90) (Kmmorhng, Her, 1873, 1301); by 
heating jioriusKium phthalimide with ethyl 
cliloracetate (Gabriel and Kroschorg, ihid. 18H9, 
427) ; by treating iiitrosomalonic ester with 
zinc and acetic acid ((’onrad and Schulze, ibid. 
1909, 729) ; by boiling acid with strong 

.sulphuric acid ((’uriui.s, J. pr. (!hcm. (2J 20, 
145; l)o8.saignes, Annalcn, 58, 322}; by treating 
glyoxylic a<-i(l with ammonium carixuiato and 
.subsequently heating to 120" witli hydrochloric 
acid (Ericnmeyer, jtinr., and Kunhn. Bcr. 1902, 
2438) ; by the action of hcxamcth\lcnc amino 
on potassium mouoehloracctatt' (Hourect, Hull. 
Soc. chun. lib |31 1005 ; Auger, ihid. 21, [3 | 5). 
in order to obtain tin* y>urc acid, the solution 
containing the acid, yircpnrcd by any of tbo 
above methods, js fn'cd from ammonia (if 
jirescnt) and freshly prccipitatcil copper hy¬ 
droxide IN addctl. 'rile copper salt of the acid 
crystalliscH •lut; Hus is filt^orcd oil and decom- 
puHcd with sul]jhiircttcd hydrogen. Anotlicr 
method consists in (‘xLracting the acid with 
glycerol and thus siqinrating it from the impuri¬ 
ties present (Farhw. Aloister, Lucius and 
Bruning, 1), B. ib j4H)76; Zeitsch. angew. 
Ghem. 1903, l(j, 527). Siegfried (1). K. P. 
188005; ('hem. Zmitr. 1907, ii. 1466) adds 
hariiiin or strontium liydroxidcM to tiio solution, 
pas.s('s in carbon dioxnlc, filters off the separated 
solid and heats it with water. 

Proyvrlicn .—Glycine crystalliHOH from water 
in platc-s end fixnn dilute alcohol in needles. 
After drying at 100 ' tlie plate form begins to 
decompose on heating at 212", whilst the needle 
form remains unchanged until a temperature 
of 220' to 230" IS reached, when they melt with 
the evolution of gas at 232''-23(i''; sp.gr. 1'1607 
(Gurtius, lx.). It IS eoluhlc! in 4’3 parts pf 
cold water and in 930 yiarts of ethyl alcohol 
(s]).gr. 0'828), hut is insoluble in absolute alcohol. 
Hydriodic acid reduces glycine to ammonia 
and acetit; acid (Kwisda, Monatsh. 12, 419), 
whilst sodium amalgam yields amino-acetalde¬ 
hyde (Neuberg, Bur. lltOH, 956; Fischer, ibid. 
1019). On cletdrolysiH, the acid or the copper 
salt yields cthylenediamine (Lilienfcld, D. R. P. 
147943; (!hcm. Zontr. 1904, i. 133; Kuhling, 
Bor. 1905, 1038; 1907. 757). Hydrogen 

f ieroxide oxidises glycine to glyoxylic acjd and 
ormaldehydo (Dakin, J. Biol. Ghem. 1, 171); 
treatment with nitrosyl chloride resulto in tho 
formation of chloracetic acid ('Pilden and 
Forster, Chem. Soc. Trans. 1895, 491). Glycine 
and its derivatives are used in photography as 
developers, in place of pyrogallol, &e. (Farbw. 
Meister, Lucius and Bruning, D. R. P. 142489; 
U.S. Pat. 767815; Eng. Pat. 20377 ; J. Soc. 
Chem. Ind. 1903, 380), and also for reducing 
silver images. 

Derivaiiveji.—Aroimtic glycinca are prepared 
from aromatic amines and monohalogenated 
acetic acids or dihalogenated vinyl ethers 
(Imbert and Consortium fur Eiektroohemisc^ 
Industrie, Chera. Soc. Abstr. 1008, i. 975; 
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D. 11. 1*. lyOG24). Gl!/cocolla7nide is produced i 
when glycocoll and alcoholic ammonia are heated | 
together at KIO^". Oli/cocollanilide is prepared j 
froiti chloro- or bromo- acetanilide and ammonia ; 
(Majort, Eng. l*at. ; J). H. P. 511121; 
J. fSoc. CJic-'ni. Ind. 18!)2, 3b!)). The Ethyl ester 
is })repurx:(l by the action of ammonia on chlor- I 
acetic acid, and HubNCfjUonl treatment of the ' 
crude dry j)roduct with absolute al<u)}iol and dry 
hydrogen cliloride (Jlant/sch and Metcalf, Pei-. 
J8!)G, 1()84 ; JIantzHcli and Silberrad, ibid. lOUO, 
70) or by the interaction of ho.xarnctliylone ! 
amine and clilorucctie acid and Hubseciuent 
treatment as abovi; (Auger, Pull. Soc. chini. 
13J 21, 6). U boils at 51-5°-r)2'r)'’ (10 nun), 
and haa np.gr. 1'0358 ll'S'/-!' (Schmidt, Per. 
1005, 200). 

Methylyli/cine v. SAllCC»SJNli. 

Triinethylijlycnic v. PK’I'.aink. 

, G'/yc/nc was 

discovered by (lurLius (,I. pr. (.'hem [2] 37, 173). 
Jt so])arates out from an lujiieous solution of 
giyeine ester on long standing. It is host 
prepared by treiiling tin- hydrochloride of tlie 
ester with caustic soda (risehcr, Per. l!)00,2K03). 
It IS a wliiti' erystalline solid, whicli, on heating, 
bcconius brown at 245'"' and nu’lts aw275''. 

(Hycocoliaimnvmrhoxyhe ncid esters (v. Ein- 
horn, CHiom. Eentr. iOOJ, i. 1115; D. Jl. P. 

J 08027). 

GLYCOBROM. Syn. foi the glyceryl ester 
of dibromoliydrocinnamic acid. 

GLYCOCkOLEIC ACID c. Ciiulic hin>. 

GLYCOCOLL V. (ILYOINE. 

GLYCOCYAMINE. Syn. for guanidine iieciic 
acid. 

GLYCOGEN V . Pauuohydratks. 

GLYCOL. AVc Ethylene Glycol, art. Ktoyl. 
GLYCOLLIC ACID. Jli/droxynaiic^ncid 
tdi,(OHjuooii 

juice as the cliief aeid oon.stituent in the 

Ghcm. Soc. ibf’ sugar cane (Sliorey, J. Amer. 
calcium prccipitatiV.. i- 45) and is found in the 
beet-juice (Lippniann.riut'tl in the treatment of 
formed by the oxidalVi'U'- 1891, 321)0). It- is 
Annalcn, 103, 30C.); by t. of glycol (Wnriz. 
nitric aeid in the cold (l)pting alcohol with 
150); by reducing oxalic acid hsel, d)id. 127, 
craud, Bull. Soc. eliim. [ii.] 30, ,dh zinc (For- 
electrolytic reduction of oxalic aci')); by the 
hydrochloric or sulphuric acids, U6iu dilute 
electrodes (Rocsslcr and Hasslachcr Chc.^ lead 
TJ.S. Pat. 8370S3; E. R. PP. 104038, 204 .Co., 
J. Soc. Chem. Ind. 1907, 157; 1909, 10-7; 
Rainhold, Er. Pat. 378270; J. Soc. Chem. Ind. 
1907, 1007; Avery and Dales, Her. 1890, 
2230); and by treating formaldehyde witli 
equivalent quantitic.s of potassium cyanide and 
calcium chloride (Kohn, Monatsh. 1809, 003 ; 
Pranzen, J. pr, Clicm. (2], 1912^ 133). Glycollic 
acid may bo prepared hy boiling a concentrated 
solution of pota.s8ium chloracotato for 24-30 
hours in a flask under a reflux apparatus. The 
product is then distilled under reduced jiressure, 
the temperature being kept below 70®. Tlie 
residue is mixed with a large quantity of acetone, 
the solution filtered from the separated potassium 
chloride, and after a short time the glycollic 
acid Boparatbs from the acetone solution in 
colourless crystals. Tho yield is about 85 p.c 


(Colman, Chem. Soc. I^oc. 1892, 72; cj. 
Witzemann, J. Amer. Che&. Soc. 1917, 39, J09). 

Glycollic acid crystallises from water in 
crystals belonging to the monoclinic system and 
from acetone in those of the ortnorhombio. 
system (Golnlan, he.); m.p. 78’9° (Drechsol, 
I.C.). On heating to 100°, glycollic anhydride 
is .formed, and by licating tho calcium 
salt \\;itti much .sulphuric acid, metaforraaldehyde 
is produced. Oxidation with nitric acid yields 
oxalic acid, and reduction with zinc and sul- 
jihuric acid results in tho formation of acetic acid 
((^hius, Ainalcn, 145, 250). It may be detected 
by heating 0'02-0'l gram of the substance with 
(>•2 c.c. of water and 2 c.c, of sulphuric acid 
(sp.gr. 1 '84); after gas has ceased to be evolved, 
the addition of one drop of p-crcsol gives a green 
Coloration, or one drop of codeine solution, a 
yellow coloration changing to deep violet 
(Dcnigc^, Bull. Soc. chim. 1!)00, 5, 547), 

The glycoliatc.s of th(- alkali.s ai-e deliques¬ 
cent ; calcium glycoUatc ((^Tla()T)o0a (with 3 or 

D,G) and silver glyeollale 02 Tl 3 () 3 Ag,JH 20 
arc .sparingly soluble in water. 

Tho anirnoniiim salt inn-y be distilled in 
vaeiid, the ili.stillatc consisting of the acid 
ammonium glycollat-e, boiling at IGO® under 10 
nun. jircssuro (D. 11. P. 247240). 

GLYCOSAL. Trade name for a combination 
of glycerol and salieyhc aeid introduced as a 
substitute for ot'hcr salicylates (u. Syntheiio 

l)KUtl.S). 

GLYCURONIC ACID 

GllO'HGUIPt)II(.!H‘JlCOH'll('OH-COOH 
oceiii-s in urine in combination with phenol, 

I krcsol, and iudoxyl. It is also present in tho 
blood. It does not occur in the free state, but 
IS produced in the body in considerable quantity 
after the administration of certain sul^tances, 
e.g. camphor, menthol, phenol, &c., in combina¬ 
tion with which it is ciiminatod. It thus appears 
to furnisli a material which can be produced by 
tho body to neutralise tho toxic properties of 
harmful substances before their elimination. 
It occurs also in combination in plants. It is 
found in combination with cuxanthone in tho 
urine of camels : tho Mg salt of tho euxan- 
thone-glycuronic aeid is the basis of tho pigment 
Indian yellow. Jt may be synthesised by 
reducing saccharic aiud with sodium amalgam 
m acid solution (Fischer and Piloty, Ber. 1891, 
521). 

Preparation. —It is prepared from its com¬ 
pounds by boiling with acid : thus, racnthol- 
glycuronic acid is split by boiling with dilute 
sulphuric acid; camphor glyeuronic acid is 
arJled with hydrochloric acid for 2 hours; 
prec!i^ saturating the solution with PbCOj the 

Probated load salt is decomposed with H 2 S. 
readily —Glyeuronic acid is a syrup, 

lactone, in’ng water in a vacuum, forming a 
TollcnH, Ami>”8 ITO^-HC- (Mann^and 

-f 19'25°. It 1^^)- Rotation {a]p° — 

reduced to g' is oxidised to saccharic, and 
it breaks up gconic, acid. Distilled with HCI, 
which may Ijnto furfurol and COj, a reaction 
fermented by ^ used for its estimation. Npt 
reducing substiJast. It is said to be one of the 
the sugars ha>nges left in urine from which 
fermentation, vo l^n removed by yeast 
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^etectton und a solution 

of orcin in hydrociil<^c acid it gives a green 
oolouf after boiling for a short time. With 
naphthoresorcin and HCl it gives a blue sub¬ 
stance soluble in other, showing a well-marked 
absorption band in the nciglibotirliood of the 
■0 lino and dilferontiated by its solubility in 
ether from the substances given mid<T similar 
circumstances by tlio jientoses (Tokens, lh;r. 
1908, 1788). Tliis reaction is, lio\vev(‘j‘. given 
by otlier aeids (Mandel and Nioiberg, Iboeliem. 
/eitsch. 13, 14S). It gives a (Jiaraetenslic p- 
bromphenylliydra/.oiie, iiK’lling at 23(;’. The 
phenylosazone is formed on heating a- iffixl uni of 
1 molecule glyeuronic aeid with 3 molia-ules 
phenyl hydra/,ino ui ae('lie solution to -10' for 
some days. It melts at 200 -JOo . 'Hie seim- 
earba7-one melts at 1S8 '. 

.GLYCYPHYLLIN r. (IjJK'osiUES. 
GLYCYRRHETIN, GLYCYRRHIZIC ACID, 
GLYCYRRHIZIN r. LiyiunucK, 

GLYOXYLIC ACID (JHO CO.H or 

Found hi very young beet-routs {Lippmaim, \irr. 
1891, 330v^>), in griifies, unn|u' apples, plums.' 
gooseberries, eiirrants, and iliufiarh (Hiuiiiier i 
and Fhaud, Her. lH8(i. TiOn ; Jhill. Sue. elmii. 
[3| 13, 120). Fri'parod liy oxidising alcohol: 
(Debus, Aimulen, JOO, 1 Moetliiiger, Arch, i 
Fharni. 232, 05), glyeol (Debus. Amiuh'n, 110, ' 
310) or glycerol (Hemt/., ibiff. 152, 325) with 
iiithe acid ; by healing etliyhliehloraeetate with 
water at 120 ’ (FiscIk’i- and (.leuthcr, J. 1804. 
310); by e.xaetly neutralising dicldoraeelie aeid 
with potassium hydroxide (1 ■ i) and heating with 
solid potassium acetate in a roilu.x ujijHHutus 
for an liour. filtering the liquid and boiling the 
filtrate for several lioitrs (I)oelmer, Annaleri, 
311, 129); by heating the silver salt of dibrotu- 
or diehloracetie aeid with water (Debus, Zoitsch. 
Ohom. IfOO. 188; Perkin and Diijipa, Annalcn, 
112, 24; Zeitrficii. (dteni. 1808, 424; Jiockurts 
and Otto, Dor. 1881, 581); by heating one part 
of dibromacotic aeid witii 10 jiarts' of water 
for 24 hours at 135'’-I40" (Orimaux, Bull. Sue. 
chini. [ii.| 20, 483); by reducing the c-sters 
of oxalic acid with sodmni amalmini (Ifayer 
& Co. D. R. P. 201895; J. Sue, (.'-hem. liul. 
1908, 1170); by the electrolytic rcduetioii of 
oxalic aeid, its esters or its ainidi; in suJpliuric 
acid at a low temiieruture ('I’afel and Friodrieiis, 
Ber. 1$K)4, 3187; Wohl and 'vmge.'iT/td. 1908, 
3614 ; Kinzlbcrger & Co. D. R. PP. 103842, 
210693; J. Soc. t3icm. Ind. 1900, 3'.)2-; 1909 
816). 

Glyoxylie aeid is a tliick liquid, readily 
soluble in water, and eryslallisos in rhombic 
prisms by long standing over sulphuric acid 
(Debus, Cliem. Soo. Trans. 1904, 1382); the 
crystals have the formula (3211404 (Perkin, Ber. 
1876, 188). It is a tautomeric substance; it 
exhibits aldcliydie properties in condensing with 
hydroxylamine, phenyihydra'/.ine, and semi- 
carbazida (Elbcrs, Aiinalen, 227, 353 ; Fischer, 
Ber. 1884, 570; Simon and (Jhavanne, Conipt. 
rend. 143, 904), but most of its salts are of the 
(H0)2CH‘C02M, w’hiist dialkyl ethers of'thc 
(RO)j‘CH’COjH have been prepared. 
Rdduotion with zinc in aqueous solution yields 
glyooUic acid ; in acetic solution, tartaric acid 
(Geavieese, Compt. rend. 114, 655): nitric acid 
; VoL. HL—r. 


oxidises it to oxalic acid, whilst potash simul¬ 
taneously oxidises and reduces it with the 
formation of glyooUic and oxalic acids : treat¬ 
ment with ammonia and subsequent hydrolysis 
I yields formic acid and glycine (Erlenmeyer 
; and Kunlin, Ber. 1902, 2438), With hydrogen 
I eyani<lo, it forms a eyanhydrin which, on 
I hydi'OlysiH, yields tarlrotuc acid. By warming 
^ witli resorcinol and a litth' absolute aleohof, 
I diluting and adding a few drops of ammonia, a 
di'cp hUu^ coloration is produced, rapidly 
(•hanging to red (Boct linger, Arch. Pharra. 232, 
I); suljiliuru^ acid gjvcs a blue or violet colora¬ 
tion willi glyoxylie (Hopkins and Colo, 

I'foc. Roy. kioe. ()8, 21). Tlu* plumylliydrazono 
I melts at- 137^, and is used for identifying the 
acid. It, condense.^ with carbamide to form 
allant-oin and with guanidine to form in the 
cohl glyoxylie guamdid(^ and on warming to 
ItK)’, imiuoallantom (DorbiuT and Oiirtner, 
Aimah'ii, 315, 1 ; 317, 157 ; iSimon and Cliav- 
aniic, I’omjit. nnd. 143, 51 ; Kaess and (xrusz- 
kiewic/,, Bi-r. 1902, 3004). For other condensa- 
tjous /■. Boettingcr, Arcli. Pharm. 232, 649, 
704: 233, 100, 199; Bougault, Comiit. rend. 
Ms, J270. k’or salts u, Di'bus, Chom. fSoc, 
•'rraiH. 1904, 1382. (llyo.vylic acid acts as a 
hytlrolysmg agent towards cane sugar and 
slarcli, and prevents fermentation of produces 
thus formed as it af'Ls on yeast as a poison, 
(Boettingor, Arch. Pliarm. 233, 287 ; Bouveault, 
Bull. Soc. ehirn. [iii.j 19, 78). For physiolocical 
action in the body, r. E]»pinger, Beitr. chom. 
Bhyniol. I'ai-h. (1, 492; Almagia, ibid. 7, 469; 

I SchlosH, ihuf. 8, 445; (Iranstorm, ibid. 11, 132; 
j i)al;in,.l. Biol. ('hern. 1,271 ; Hofbauor, Zeitsch. 
pliysiol. (3hom. 52, 420 ; AdJor, Arch. exp. Path. 
Pharm. 40, 207. 

GMELINOL (*1^111404, the white deposit in 
t-lio cells of the ‘ (Colonial Beech ’ {umelim 
, Lrichfumlfi'i^ F. v. M.), scqiurating from hot water 
in neodle prisms or jiJatcs. M.p. in the crystal¬ 
line state 122'^ (coiT.). After cooling solidifies 
to a transparent, rcsin-liko substance which 
melts at 02“-63". When powdered the m.p. 

! begins to rise, soon reaches 120°-12r, [al^d- 
j 123'3" in chloroform. Soluble in 1470 parts 
I of wat-cu’ at 22'*. Nitric acid eonverts it into 
i a fii/ulro- eomijound m-P- 

128 -129 ". Sodium acetate and acetic anhydride 
Lraiisforni it into a monoacetyl derivative, 

I m.p. H{)'\ With bromine water forms 

j (-’izilijOjBr 

I Zeisol deternunations indicate the presence of 
I two methoxy-groups, and this is confirmed by 
i the production of veratric acid when the sub- 
■ stance is oxidised by a solution of ehromio acid 
in glacial acetic acid, or by alkaline perman¬ 
ganate. When fused with potassium hydroxide 
at a temperature not exceeding 200®, phenolic 
substances are formed, whilst at 210®-226®, 
protoeo^echuic acid is produced, together with 
small quantities a volatile acid (H. G. Smith, 
J. Roy. Sei, New S. Wales, 1913, 46, 187). 

GNEISS V . Gbanttk. 

GNOSCOPINE V . Opium. 

GOA POWDER V . Chrysabobin. 

GOETHITE or GOTHITE, Hydrated fenio 
oxide, FejOa’HjO or FeO(OH), orystalliaed in 
I the orthorhombic system and isomorphoufl with 
i the corresponding aluminium and *****"ganmn 

2 o 
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minorala diaaporo and manganito. It is included 
with limonito under the term ‘ brown iron-ore,' 
and when librous and inassivc the two aro not 
readily distinguished, efijiceially as they have 
the same colour and streak. Uoethite, liowever, 
contains mere iron (I‘'co()t KIM), Ee h2'l) p.e.) and 
](\sNwater(10 1 ]).c.)tlianhmonite(2Fe^()j'3H/J). 
(Irystajs of goetliite are not uneomnum; linio- 
nite, on the other liaiid, though Konietiinc'H 
iihrouH and crystalline, is never erystulhseil 
They arc prismatic, acieulai’. platy, or scaly nt 
lialjit, and iiave a |ierfect cleavage in one ilirec- 
tioii (jiarallel to tlie bracJiy-jiinacoid). Jlemfoi'm 
a-ud stalaelitie masses vvitli a radi.iling lilnoits 
slrueture also oeciit. Sp gr. of ery''tals 

4'37 ; 11. ~yL The colour i.s va’llowish-hrown 
tio brownish-biark, vvitli usually a brilliant 
lustre on cryslai-faees. Tlnn iryslals aiul 
H])lintors are blooil-i'cd by Irausmittcd light. 
Tlie. colour ot till' slicak or jiuvvdm' is yellowish- 
brown. Anaiv'ses oltcn show 1-iie jnesencc' oi 
small amounts of manganese oxide ami sdica.. 
Several vaiieties;u<‘ distinguished. 'I’lie acK-idar 
lonns, usually with a ludial gron|uiig, are 
known its ir<in-o)i'. Tlu' needles may lui 

very lino aiuleloseiy }>acke(l together,giving the 
apjiearanee of plii.sli, as ni SaiH'ift'iiblfinic or 
Sanimderr. (vidvel-ori*). I'lso known us jnzlbiu- 
■mile, from I’rzibiam m .Uohemia. Another 
form oceiirniig as ('xtremely thin seale.s wilii a 
redilish e.nlour i.s known as JliibnKjlimmo i>i' 
PHirhotiidoitc \ and a sea.ly-tibrous or plumose j 
form as h/Urioej oct/e. Ojiffiite is aeieulav [ 
goothito embedded m amethyst fiom hake 
Unuga, Russia. This material is cut as a gem- 
Htono under the name ‘Cupul’s darts’ (Heches 
d’aiuour). As an onclosuro in other gem- 
mincrals it is represented m iiAiiriturino and 
sun-stone. Mcmlnle is an oeliruoiis variety 
abundant amongst the iron oios of the Mesabi 
Range in the Luke Superior dislrn't af Minnesota. 
The name goetluie is after the ]ioel (hiothe. 
T’lio modes of oecurrenee of goelhite aro the 
same as for limonite, and it is present in many 
linionitie iron ores. Vino groujis of erystafs 
were formerly obtained in alumdanee in the 
l^iestorinol iron mines at Lanlivery and in tlie 
Botallaek mine at St. Just in CornwalL Largi'r, 
but less })erfect, crystals are know'ii from the 
Pike's Peak district in t'oluiado. L. J. S. 

GOLD. Sym Au (Aurum). At.wt. Itl7'2. 

JIUloiival .—(hild eaniiot hav(‘ escajied the 
observation of the men of the ^tono Age, but it 
could have bei« of little use t-o them except for 
ornaraentalion until tlu'-y had discovered the 
art of molting. Klint daggom with gilt handles 
have been found in Kgypt, and gold was well 
known in that country al>nut 3600 b.c., when its 
value in relation to silver was fixed by law. It 
was first used for coinage in Lydia, about 700 b.c. 
in the form of eloetrum, a native alloy of gold 
and silver. 

The earliest method of obk'iiuing goU, other 
than that of collecting it by hand, was by 
washing with water on Jilojiiiig rocks. Shcep- 
akiua were spread out for entangling the particies 
of motul and helping in its collection. Over 
2000 years ago, the methods of orc-oruHhiug by 
hammora and also by means of pestlos and 
mortars were adopted in Egypt to release gold 
contained in solid roek. The powdered ore was 
washed on sloping tables. The use of sieves is 


also attributed to the Egyptians. Heavy 
pestles or stampers, requiring water power or 
the united efforts of several men to raise them, 
were not employed until much later, Stamp 
batteries for crushing ore were established at 
.Joachim.sthal in Ibll), and siove-s set at the outlet 
of the mortars wen; described by Agricola in 
1556 and wa re seen by Jars in tiie Ifartz in 1767. 

The of mereiiry for sejuiraling gold from 
other matei-ials by amalgamation was described 
by i’liny and refeired lo by Tlieojihikis in the 
! (til century in his descnplion of tlie extraction 
of gold from the saiuls ot the Rhine. The 
method ifecd m Uic Tvi'iil ol stirniig crushed ore 
willi large (iiiuiilitics of mercury in circular 
bowls IS of great antiquity, but the jiractiee of 
charging iiicicury togcdicr with uiierushed ore 
inl.o llie mortars of stamp liattciies and cntcliing 
the gold niualgani on copjtcr plates was not 
mentioned belore 1S56. 

The cliloniiation process of gold ore fieat- 
meut originated in 1 k 4K, and the cyanide 
jii'ocess was invi-nted by MaeArlhur and Fnrrtvst 
in I.SK7. Tlie moiliuds ot refining gold by the 
eementation proi-oss and l»y eiipellation aro very 
aiieii'iit. Nitne aeid for refining M-as in use in 
N'enjee in the 15th eentiiiy and was not super¬ 
seded by sulphuric acid uiitii the Dili eenturj-. 
Tlie electrolytic vclining jivoeess, invented in 
; IKHK, lias now n’lilaced I lu' suljihni ie aeid process 
! in lilt) United States. 

I Gold ores. Gold is widely liistributed in 
1 nature. It oeeujs in minute traces m all orea 
I of silver, co])jier, lead, antimony, and bismuth, 
j it has lieeu detoelcd in igneous and nielaniorphic 
I ruelcs in almo.st eveiy eas(' in which a careful 
! search for it has bci'ii made, and sedimentary 
; rocks arc seldom quite fico from it. The com* 

' paratively small quantities of gold in liinest.ones 
j which liiivo been forinod m clear w’atiT far from 
! land, ajtpear to indieafu the land aa tlio place of 
; origin of the gold, but it is also present in sea 
W’ater. 

Gold occurs hi quant ities largo enough to pay 
for extraction in many quartz veins or lodes in 
ruck formations. The gold is disseminated in 
tlio quartz and is accompanied by brown oxides 
of iron in the upper portions of the deposits and 
by sulphides in the deep-seated portions. It 
usually occurs as native gold and even when it 
IS contained in pyrites or other Bul])hideB, it ie 
present in the free state. Native gold also 
occurs m many secondary or detrital (‘ placer ’) 
deposits, such as river grav'els, sea beaches, &.C., 
in the form of nuggets, grains, and flakes. The 
auriferous beds of conglomerate in the Transvaal 
aro of this character. 

Native gold occurs in the form of rounded, 
irregularly shaped nuggets, pellets, grains, &c., 
wliieh sliow crystalliric structuro when polished 
and etched but rarely exhibit regular crystal 
faces or angles externally. It always contains 
some silver and copper, and other metals are 
also generally present in smaller proportions. 

Telhindc of gold is found in large quantities 
in Western Australia, (Colorado, and Transyl* 
variia, and has been reported from many other 
localities. There is only one true compound of 
gold and tellurium, which corresponds with, the 
formula AuTo^, and contains 43‘6 p.c, of gold; 
but several compounds consisting of various mix¬ 
tures of telluruitn with gold and silver and other 
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ractttls have been rocogniscd as mineral spocios. 
Tile best known of these arc (1) athiveritc, which 
has the composition AuTea, (2) sylvanite or 
graphic tellurium which appears to bo a variable 
mixture of AuT(s and Ag3Te4, (3) pdzite, a 
toUuride of silver, AgjTt', with part of the silver 
replaced by gold, anil (4) na<j;iiifjifc or foliated 
tellurium, which contaiiiH some lead. 

Auriferous telluiido is usually daijc grey or 
black in colour, but occasionally is silver-grey. 
Someliinos it contains an admixture of metallic 
gold which givi'.s it a brassy-vcllow colour. It 
is soft and bciltle bul' its density is high, usually 
between S and !). When lieated m. air, it 
oxi(iis"s, fuming and giving off 'J'c<),. and fuses j 
below a red fusil' Jt l.he loaslmg jiioces.s is 
eontmuod, mo.^t. of the tidluuum is removed and 
tlio gold is left m t.lio form of spluTK'ul ]x*Jlcts 
which Iiavo solidified from fusion. Calavm-it.e 
may cimlaiii as mucli as 41 p.e. of gold, but. 
]mrt of tins IS usually replaced by .silver. A 
spocjmeii of syh’amte from ('iip[il(' (h'cek, 
(Colorado, eoutiuned gold 7 t)4 p e . siivei' 
32‘3!f p.e., t'clluiiiim p.c. f l'\ (Smitli). and 
a specimen of [)ct/,ilc from (\dilorma eont-aniiMl 
25*1) p.e. of gold and 4 I 'N(> ]> e ot silver 

Extraction ot gold from Its ores. Tiie 
lueLalluj'gieul t i\‘al nienti of golil ori’s is usually 
simple and eliiir^p ami owing to tins eireiim* 
stance and to the high v.iluc of flic uudal. ores 
containing very small jiroporLipiis of gold can 
be worked at a. pr(hil. TJnis the ores of the 
Witwatcisrand, now being worked, centum, on 
an average, only about b or 7 dwt. of gold per 
ton, or little more tlnui O'OOl p.e., and in the 
ease of Hurifm'oiis gravel a ton rarely eontains 
more than a fuw giuins of gold. 

Wasfnnf/ (uir'frrou^ (imn-l .—The gold oocair- 
ring in plaeei>; i' obtained by wasliing away, with 
the aid of wati’r. the lighter gravel from 1-he gold 
disseminated through it. A largo iiumbur of 
applianees and maelnries are in uso for this 
purpose, (louerally tlio linger stones arc re¬ 
moved by Homo lorm of sievo and the liner 
material is carjual by a shallow stream of water 
through luciined troughs (' sluiuo-boxcs') or 
over sloping tables, The lii'avy particlos of 
gold sink to the liottum of t he Klrcarn and are 
caught by the rough surface of blanketing or 
plush or in crevices which are formed by the 
supply of ‘ rilfl ‘s ’ of various lands. .Sometimes 
the riffles consist of wooden strips or poles, 
sometimes of iron rails or .she/fs of ‘ expanded ’ 
metal. Mercury ig sjiriiiklcd in the stream and 
accumulates in the crevices, where it as.sists in 
catching the gold by amalgamating with it. 
'L’hc goid-amalgam, recovered in the periodical 
‘ oloan-up,’ is strained through canvas to re¬ 
move the excess of mercury and afterwards 
retorted. 

The gravel is mined in various ways, accord¬ 
ing to circumstances. It may be raised by the 
spado and thrown into the stream, or when in 
high banks it may be broken down and washed 
away by jets of water (' liydraulic mining ’). 
Gravels cemented by infiltration are crushed 
before being washed. Of late years, dredgers 
have boon largely usod, originally to recoverifhe 
gravel from river beds and more recently on dry 
alluvial ‘flats.’ In the latter case, the dredger 
floats in a pond, and travels slowly across 
ooiiniry, scooping away the ground in front and 


staoking it behind after it has been washed. 
Placer mining is now of less relative importance 
than formerly owing to the exhaustion of many 
of the known deposits. 

Stamp hatiery. —Auriferous quartz is usually 
treated by crushing in stamp batteries and 
amalgamation. Tlie residue or tailing is subse¬ 
quently treated in various ways, especially by 
the cyanide pi'oc(\‘.<s. in recent years, especially 
111 tlie United .Stales, the use of mercury has 
been discarded in many ctuses in favour of the 
cyanidi! jirociws. and the use of other crushing 
machines instead of slamjis is also increasing. 

Stamps ari' heavy iron or steel pestles whieli 
arc lifletl and let fall in jiini mortal's. They 
liavc gradually mcreaM'd in weight, tlic fiO lb. 
Hiaiujis of lOU years ago having become the 
poo ll>. Hlaijips of lh(‘ ninetioH and ilie 1800 or 
2000 11). stamps winch have lieeii iustallod in 
the 'rraiisvaal. Tlie lieiglit of di'op is usually 
about 7 or S inciies and the number of drojw 
[HT miiiut'Ci about lOO. Water and ore are 
fed into the mortar continually and the fall 
of the stampK splasiuiM the mixture against 
a wire screen or ])erforated metal plate sot 
in till* hide of tlio mortar. The finely com- 
imiuitod material passe.s llirough tlio Hdroon 
and usually falls direetly ujion gently sloping 
amalgamated cojiper jilatos. Sometimes mer¬ 
cury is fed into tlie battery with the ore and 
anialgamatod ])liitcs are fastened tu tiio inside 
of the luortar, but> tliene [iractiees are bccuming 
loss eomiiion and are inijiossjblo with modern 
heavy Htarn{)H. ll is now considered advanta¬ 
geous to remove the aniulgamuted pluies to 
unotlxM' huilding at some distance from the stamp 
battery iii orilcr to avoid exccHsivo vibration. 
Stamiis are usually in batterios of five, working 
side by side m a single mortar, but the NiHseii 
stamp has a separate mortar for each Htunip and 
has other dj|fiinetivo features. 

'rijo i)ulp from tlic battery is often further 
reduced in size by passing througli a tube-mill* 
a j'l'volving cylinder half-filled with pebbles, 
and in that case a courser mesh is used in the 
i battery screens. No screeas arc used in tube- 
I miliy. Amalgamated plates are placed at the 
outlets of the tubii-niilis. and those between the 
battery and the tubo-mills are sometimes 
omitted. Other machines are occasionally usod 
for fine grinding, a,s, for example, amalgamating 
pans (.svs article SiLVim for description of these 
machines), lioller mills, such oa tlio Huntington 
mill, are sometimes used instead of stamps for 
crushing soft or brittle ores, or as intermediate 
grinders. In the Huntington mill, four rollers 
witli vertical axes I'un around in an iron pan, 
and are pressed against its periphery by centri¬ 
fugal force. 

In some of the most modern gold extraction 
works in the Transvaal, the ore is broken to a 
maximum size of about If inch in rock-breakers 
of the feciprocating type in which the jaws 
alternately advaftce and recode. G.yratory rock 
crushers are also used. The ore is then passed 
to the stamp battery and crushed by heavy 
stamps through coarse screens up to ^ inch 
aperture, the maximum dimensions of ore 
which can bo advantageously treated in tube- 
mills. Under these conditions, the amount of 
ore crushed per stamp per day is as much u 
20 tons against 4 or 5 tons in adjoining niilla 
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whoro lighter Ktamps and finer nieve8 are used. 
Such coarse material as that indicated above 
cannot be passed over amalgamated plates, as 
those woukl be sccjiired free from mercury, &c., 
and it is accordingly ])iwsed direct to (inverted) 
cono elassiliers, where the coarse particles settlo 
in w'ater and arc retained, whilst the fine material 
is carried away in the overflow, and sent to the 
eyanidc works. A diapiiragm guards the axis of 
tlio cono HO that the Hetthunent of the sands 
takes place round tin’- p(;ripli(;ry. I’lie under¬ 
flow or diHcliurge, from the ajiex of the cone, 
containing the eoaisc material, iindudiiig all the 
coarse free gold, is fed into tube-mills iogefln’i' 
with some of tlie watcu’ from the overflow. On 
issuing from tdie tube-mill, tlui pulp, which now 
contains only ft small [iroportion of material too 
coamc to [)ass througli a (iO-mesh sieve (aperture 
0’0(}8 inch), IS slightly diluted with waii’r and 
th(!n jutsseil over amalgamated jilates vvhei'e 
the coarse free gold is extracted. 'I’he tailing 
from the plates ih ilischargeil into the stream of 
pulp coming from the battery and again passes 
to the erme classiliers, tlte oversii'.e being thus 
returned to tln^ tube-mill. The material passing 
through the tube-mill contains much less w'uter 
(say 2 jiarts of water to 1 of ore) than that 
coming from tho battery and that going to t he 
cyanide works. Tlie last-mimed jiul}) is in a i 
very finely divided state and contains no eoarso I 
fruu gold. It IN thus in a suitalilc condition fur 
treatment liy cyanide. 

(llttsailiers other tliau Nim])k* cones are also 
in uso in various imrts of tho world, sucli as the 
Dorr olassifier in North Aincnca, and their work 
is assisted in some mills by concentrators such 
as Wilfley tables. Thu 3iil)i)ndc obtained by 
concentration, is usually rich in gold and is 
treated eitlier by cyaniding or by smoltiiig Avith 
load ore, k’ormerly such material was, in many 
casos, ground with mercury in nan,^, or treated 
by chlorination, but these mcthucla have been 
Biscardod. 

Arm^qtmniUm deiiends on the jiroperty 
oaseased by mercury of ' wetting' gold w’hen 
rought in contact witli it, In battery amal¬ 
gamation, the crushed pulp flows in a thin 
stroarn over sloning tiiblcs (;oveircd with shed 
copper, the Huiiaec of which has been amal¬ 
gamated by rubbing witli mercury. Particles 
of gold, silver, or amalgam, on coniing in contact 
with the amalgamated .surface adhere to it and 
so tho plate becomes covered with amalgam of 
tho pre<’ious metals. In order to increase the 
chances of contact between tho gold and tlie 
plates, little falls or stops down of 2 or If indies i 
in heij^ht are sometimes made between the 
upper and lower parts of the inclined tablcM. i 
It has been found tliat the catching powc-rs j 
of the plate improve as amalgam of the precious i 
motals accumulate on it, and it is accordingly 
usual to electroplate the copper with silver 
before amalgamating it or to dre.s.s ^it with 
silver-amalgam or even wi(li gold-amalgani. 
Tho surface is kept bright and untarnished by 
cleaning with cyanide, and additional mercury 
is sprinkled on if the amalgam-suHiice becomes ; 
hard and dry from the accumulation of silver 
and gold. The cxcosb of amalgam is brushed 
off at intervals and squeezed in canvas bags to 
separate tho surplus inercuiy. Tho pasty 
amalgam retained by the canvas is then 


retorted and tho residue melted with suitable 
fluxes and cast into bai-s. 

Gold will absorb about six times its weight 
of mercury, forming a silver-white solid amalgam 
containing about 13’5 ji.c. of gold, but in ore 
treatment, time, docs not admit of tho complete 
j satunrtion of tho gold with mercury, which 
! slowly penetrates into the solid metal by 
: diffusion. The result is that the gold-amalgam 
' collocteil in clcaning-up in a gold mill consists of 
■ little ‘ niiggots ’ of gold immersed in a bath of 
nirrcury by wlueh llicir outside layers arc 
saturated. When ilio inixiurc is strained 
' t.hrough tcanvas, tho laxc-css mercury passes 
: througli carrying some gold in solution and 
' leaving behind most of the gold with its adherent 
' mercury. If the gold is vi-ry (iaely divided, tlio 
jx’netration by merciuy is more nearly complete, 
and tlie [x-ivcnt iigc of gold in tho solid amalgam 
smaller than if tlie pai’tieles of gold are com- 
jiaralively large. Tiie eomjxwition of tho 
amalgam is also ailectcd fiy the extent, to which 
i other mclals are prertont, as these also form solid 
[ amalgams with moreury and reduce the value of 
j the prodmd. Generally speaking, sciucezcd 
amalgam resulting from l.lie t-reatment of gold 
ores contains from 2t) to 51) yi.e. of goM. It may 
also contain silver, copjier, iron, A:c , m varying 
pro]x)rtumH, • 

One of the (hllicultieH in amalgamation is 
the ‘ llouriiig ’ pr ‘siekiming’ of mercury, duo 
chielly to the jiresenci* of arsenic or certain 
other impurities in tho ores. ’.I'lie mercury is 
broken up into a number of excessively ininuto 
globules wliicli have the appearanco of flour, 
i and is then swojit away in the stri’ani of ore and 
' water and lost in the tailing. Impure mercury 
containing lead, y.inc, is easily floured, as 
the base metals oxidwe and form a coating over 
tho surface of tlie globulus of mercury, thus 
preventing tiiom from coalescing. The remedy 
is to purify the foul mercury by distillation, but 
! ill the treatment of certain ores it soon again 
j beoonie.s impure. Tho violenl- action of stamps 
on mercury when it is fed into the mortars also 
causes its excessive subdivision, and it is now 
unusual to feed mercury into tiio mortars, the 
practice being in any ca.HC pormissible only with 
light stamps. 

Another difficulty is caused by the din- 
cokiratiou of the copjier iilates, whicii bcconio 
covered by a lilm of oxide or carbonate, with the 
result that their catching powem arc impaired. 
Tlie attack on the plates w generally caused by 
acidity of tlio water due to oxidation of iron sul¬ 
phide, &c., in the ore. Sometimes the difficulty 
hae been met by the addition of caustic lime to 
the ore in order to keep the jmlp neutral or 
alkaline. Stains on the jilutex are removed by 
brushinj^ with a Holullon of piUassium cyanide. 
Plates which liave been coated with electro- 
deposited silver are more easily kept in good 
condition than others. 

The treatment of ore by passing it over 
amalgamated plates roniove.s only a part of the 
gold, the percentage varying with the ore. In 
many eases from 50 to 70 p.e. of the gold can be 
rtiebvered in this way, very few ores ocin^ com¬ 
pletely ‘free-milling,' i.c. yielding all their gold 
to mercury. Some 'ores are highly ‘ refractory,’ 
yielding little when subjected to amalgamatioz^ 

I and these are' treated by cyaniding os by 
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smelting. Concentration by flotation has also 
boen applied successfully to gold ores and pre¬ 
vious amalgamation is then unnecessary in some 
cases. The tailing is usually worth treatment 
by cyanide. 

The. cyamde- procfus.s. —Tlio tailing from 
amalgamation contains Bonio tinely divided 
gold which escapfs extraction by mercury but 
ia usually readily soliibh^ in solutions of the 
cyanides of the alkali metals. Tli(‘ solvent 
action of cyanide on gold is v<*ry slow and re¬ 
quires the pres'*nee of an oxidising agent such 
as free oxygen, ft may be expressed by the 
following oquatiun, which represents the sum 
of the chemical actions.;—> 

4Au + HK(LV hO, h2ir,0-4K:Aii((;N), f4R()H 

The potassium anrocyanidc formed in this 
way remains dissolved in the water. The 
oxygen reipiired is dissolved m the cyanide 
solutions from 1-he air in contact with it. If 
the oxygen is exliausted owing, for oxamjile, to 
tlio cyanide solutions reniainiug for some timt' 
in contact with ore eoataining readily oxidisablc 
sulphide or organic matter, dissolution of the 
gold is stopped, and it is necessary to aerate the 
pulp. Very ildulc solutions of cyanide are used, 
containing from about 0'5 p.i;. to as little as 
(I’UOl p.o. of potassium cyanide. 

Crushed ore or tailing is treated in largo vats 
(containing as nnndi as 400 tons of on‘) with 
false bottoms proviihul with iilter beds, Cyanide 
Holution is run on to tlio ore and allowed to 
poreohite through it. i'Tgsh solution is added 
from time to time and tinally tlie ore is washed 
with water. solutions pass through tlio 

filtor liy which thi'y are clarified and aro con¬ 
veyed to the precipitation boxes, where the gold 
ia separated, as chweribt'd later. 

Some oToa are not amalgamated before treat¬ 
ment with cyanidi'. In theso cases, it may bo 
advantageous to crush in cyanide solution 
instead of water, and the method is used at 
the Black Hills, Dakota, and in many other 
mills in America. At first tlie ore was crushed 
in stamp mills as already described, but other 
forms of erushers have passed into use in the 
lost few years. Among theso may be men¬ 
tioned : (a) the Hardinge mill, a CMimcal or pear- 
shaped mill half-filled with sUicl balls, working on 
the principle of the tubo-mill; (b) the Marcy 
mill, a short tube-mill containing steel balls, 
or rods, working without screens; (r) Chilian 
mills, which resemble mortar mills, the crushing 
being effooted by edge-runners roiling round a 
ciremar iron pan; (d) pairs of rolls between 
which the ore passes. 

There are numerous modifications in the 
oyanide process necessitated by the conditions 
or intro<moed as improvements. Of titieeo, the 
variations in mechanical treatment are the 
most important and complex. Difficulties in 
leaching crushed ore are caused by the presence 
of ‘ slime ’ or impalpable particles which render 
the ore impervious to the passage of liquids, 
unless it is treated in thin layers. To avoid this 
difficulty, the crushed ore is divided into sand 
and slime in ‘ classifiers,’ by taking advantage 
of the difference in the rat6»of settlement of the 
pdrtioles in water. The * sand ’ oonsiste of the 
pa^des which settle readilje in water. It 
IS easily leached, liquids passing through it 


j under the action of gravity with groat rapidity. 

I It is sometimes soparatoa from the excess of 
water contained in it (‘do-watorod or ‘thick- 
J cned ’) by moans of filters, and is treated by 
I simple leaching as" indicated above. The 
; ‘ slime ’ d(xw not readily settle in water, and 
cannot bo loachcd directly except under high 
j proM-suro. 

I The classification may bo oft’oeted by merely 
running stream of pulj) into a large vat 
; lillod with water, when the sand settles and 
j fills the vat and the sliino is carried off in the 
j ovorHow. Either the sand is cyanidod where 
: it sottlca or it is drained and transferred 
j to another vat for the purjiose, thus becoming 
! well mixed and aerated. Another method ot 
: separation is by the use of ‘ spitzlutton ’ or 
pointed troughs, in which a rising current of 
water earruvs off the slime, the heavy sand 
, falling through f-lie water and being discharged 
at the a])cx of the trough, (tone classifiers and 
othi'r modern ajiplianoe-s have already been 
mentioni'd in connection with tube-mills. 
Various devices are in use for the even distri¬ 
bution of the .sjukI in filling the treatment 
vats. 

The treatment of slime is becoming the 
most important part of 1-ho cyanide process. 
Ln ' ali-sfiiniug ’ methods, tlio sand is reground 
until it can be included wifb tlio slime, so that 
no siqiarato treatment is required. In many 
caseB the goki is not ('otn[)lctely laid open to 
attack until the ore is ground to slime and the 
recognition of this fact has led to a wide adoption 
of tiic all-sliming policy. The slime is treated 
by agitation, especially in Paohuca tanks, in 
which a column of pnlj) mixed with air rises in a 
large pipe placed in the tank, and overflows at 
the top. The gold is dissolved and the ore 
separated from th*' cyanide solution by (1) de- 
cantation, («) filtration, or (3J counter-current 
decantation. ^ 

(1) In the decantation process, the slime is 
thickened by settlement and decantation, often 
with the aid of dissolved lime (by which the 
slime is coagulated), and is then agitated with 
dilute cyanide solutions and washed by decanflfc* 
tlon in conical vats. Slimo is usually aerated 
by the pa-ssage of compressed air which is forced 
through perforated pipes at the bottom of the 
vats, thus serving to agitato the pulp at the 
same time. The addition of about 0*25 p.c. of 
oxides of manganese and iron to the slimed pulp, 
and tlie use of air-agitation on the, same chaige 
(Adair-Ushor process) has boon widely adopted 
in the Transvaal. 

(2) In slime filtration, the thickened pulp is 
agitated with cyanide solution and filtered with 
the aid of a vacuum (as in the Oliver, Moore, 
Ridgway, and Butter’s filter p^see), or by 
direct pressure (as in the Merrill, ourt, and other 
filter presses). Even a thin layer of slimed ore 
offers j^eat resis4ftn(^<’' to the passage of liquids, 
and an enormous area of filtering surface is 
required for operations ou a large scale. This is 
obtained by using a number of parallel filtw 
plates or leaves placed near together. A 
vacuum is formed in the narrow space between 
two leaves and the liquid filters into it. The 
slimed ore gradually forms a cake on the filter 
surface und is washed with clear water in that 
position. After being washed, the oalcea ot 



454 


GOLD. 


ftlime arc detached by blowing air tlirougli in ! 
the. revcT'H(! direction t»r by other methods. t 

(li) (lounter-oiirrent deeantation. This is a | 
continiioiM proccjss, the slimed ore settling ■ 
throiigli a rising (iurrent “of solution (or wash- \ 
wat<'J) are] ia'ing withdrawn at the bottom of , 
f}i(^ vat' for t raMsfor<‘ne(‘ to the to|) of the no.xt 
vat. The solution enters at the bottom of the ■ 
vat and ovcrilows at' the t.op, so tliat. it moves ; 
in t'lie revni'se direction to tlui ore through the ; 
siM'ies oj vats. i 

Thegoldeontained in pyrit<“H orotlif'rsulphjdc 
is h'SH vi^adily soliiMe, t'lian ordinary tioe gold, 
owing to the alisurption of oxygen hv tlu' siil- | 
])hide. WIm'II t.lie sulpliide is .s(^purated as 
coiKaintral.'C by the use' of t'rave)ling-b(>lt vaiUHTs. j 
Willley tabii'K, or otlusr macliines, this dis- j 
advantage becomes serious, and such material, 
as lias la'on mentioned above, is soinetimes 
shipped to smelting works insteml of being 
treated by eyanidat ion. 

Ores may also contain ' cyaiucidcs' by 
wliich ])otraHHinm evnni<h‘ is destroyed as Hindi. 
Aeidily o1 ('lie ore due to oxidation of .siiliilnde 
IS not. uncommon and this is eorreeied by 
wiiHliiiig wilii alkali befori' the eyiimdi' solution 
is applK'd, or by eriiHhing the ore witli lime. 
Gertam cupriferous ores de.stroy so much cyanide 
that tliey cannot be treated jirolitably by ilie 
))roeess. 

The treatment of telluri<le ore by oyanule 
jiresentH great dinieulticH. as potusHium cyanide 
aetB very slowly on ieliui ide ol gold. JCitlier tlic 
ore must lie roasted in order to <'.X])(d the tel- 
luriuiu before cyunidiug, or an addition of 
bromocyanogen must b(‘ made to ordinary KC-N. 
The mixture readily disHolves tellunde of gold. 
If ooarso free gohl is present in the t'clluride ore, 
ib is extracted by amalgamation. In Western 
Australia, the tellurido ores, after t reatment in 
various ways, which involve roasting the eon- i 
^entrate ortho whole of tlie ore, regrindnig in i 
tizl)e-millR, classification, agitation with eyanule, ; 
&o., are almost univcrHally lilter-jiresHcd. ! 

Preeipit-aiion of gold from cyanide solutions i 
may lie otToetod by zinc shavings contained in | 
Irfng boxes divided into compart tnents by means ' 
of partitions wliieh force the solution to flow 
through the 7,ino upwards and downwards 
altornatoly. The zinc is coated with li'ad by 
immorsing the shavings in a solution of lead 
acetate, in order to expedite tlu' jirecipitiition, 
especially in weak solutions. Tlin zinc dissolves 
in tlio cyanide solution and gradually wastes 
away, 'i’he gold is iirecipitated chiefly in the 
form of black slime. Oxygen in the solution 
delays precipitation and may even reverse the 
action, 'riiia dillioultv is overcome by the ('rowe 
or vacuum process of de-acrifying cyanide solu¬ 
tions preparatory to precipitation (Morg. and Sci. 
Press, Aug. 23,' 1019, p. In ‘ cleaning up,’ 

the zinc is washed free from cyanide and digested 
in sulphuric acid or sodium din'ilphate, "until all 
action has ceased. The residue now freed from 
zinc is washed, filtered, dried, and fused in pots 
with borax, manganese dioxide, or njtre. and 
sodium carbonate. After easting, the bullion is 
separated from the slag and sold to refineries. 
An alternative method is to smelt the gold-zinc 
slimo with litharge, charcoal, (fee., and to cupel 
the base lead-bullion produced (TavCTier pro 
cess. In modem practice, preeipitation is 


often effected with zinc-dust which is agitated 
with the clear cyanide solution. The precipi¬ 
tated gold IS separated by filter pressure and is 
smelted at once without previous acid treatment. 
Anothi'r rnetliod of yirecipitation is by moans of 
finely ground oliarcoal, which is subsequently 
burnt, leaving the gold in the ashes. The 
efreetive agent' is suyiposed to be carbon moni^'ido 
eont.aincd in the ehareoal {Edinands, Bull, Inst. 
Mng. and Mot. 1‘'(“h. 191S). 

Sindini/j. —(iohl ores containing appreciable 
quantities of lead or eojijier arc usually smelted 
for the fy'oductioiT of tiiese metals, from which 
(lie gold is subsequently extracted. Other gold 
or«‘s ure.sometunes useful as fluxes in the smelting 
ojjerations (.ycr articles {'orrKH and 

Refining. Gold extruded from ores is 
usually imjiure and unlit for uhi* in the arts until 
it lias been relined. Preliminary refining or 
‘ toiiglKUiing ' opi'rutions are often earned out 
' either at tin- relineries or at the gold mills before 
] the imihon is sold. Sometimes tlie gold is molted 
' m eruciliU'S with oxidisnic, agents such as nitre, 

I or a blast, oi air is directed on the surface of the 
j inolt-en metal or e-veii yiiissisl through it. The 
! liaso iiK’tals are f'xidised and form a dross which 
IS skimmed oil with (he liel|i of bone ash, or 
borax is added to form ii fusilile slag with the 
oxides of tlie metals. In the Transvaal, Iho 
gold precipitate obtained in the eyariido process 
i.s often relined liy eiiiiellation with excess of lead 
{'ravener process). Tmigheiu'd Imliiun contains 
little exccjit gold, silviu', and cojiper. 

Tn liOndon and oi^ tlu‘ (ioniment of Europe, 
gold hiilluin is usually lelined liy ‘ jiarting ’ with 
suljihune acid. In tliis process, an alloy of gohl 
and silver is prejiared by melting gold bullion 
with ‘(lore’ silver (i.r. silver eontaining small 
quantities of gold) or Mexieaii dollars or ooca- 
sionaliy with refined silver if no other is available. 
Tho parting alloy usually contains from 20 to 
30 p.e. of gold and a few p.e. of copper. If a 
higher profiortion of gold is jirescnt, some silver 
remains undissolvcd and is retained by the gold. 
Tho copper assists the disBolution of tho silver. 

The alloy is granulated hv being pourod into 
water while still molten and the granulations are 
boiled in conoentratod sulyihurie acid of sp.gr. 
PHo in east iron kettles. Tlic amount of acid 
used is four or five time's the weight of tho 
granulations, hul only about half this amount ia 
added at firat The sulyihur dioxide, which 
i.s formed in large quantities, is carried away 
through leaden pipes. Silver sulphate is re¬ 
tained in solution in tho hot concentrated acid, 
but tends to be precipitated when the acid ia 
j cooled or diluted. When tho evolution of aui- 
J phur dioxide ia at an end, the liquid ia trana- 
; forred to a settling ])ot, and fresh acid added. 
After thtee boilings m acid, tho ‘ brown, gold ’ 
roksidue is waslied witli boiling water, dried, 

; molted with nitre, and cast into ingots of about 
■ 400 ozs. oach in open moulds. 

The acid solution of silver is poured into 
I large load-lined tanks containing hot water and 
I sheet or scrap copper, and is heated by means 
; of cteam and stirred until the precipitation of 
j the silver i.s complete. The silver precipitate is 
I washed, dried, aneb-compreesed into cakes by 
1 hydraulic power before being melted. "Rie 
I solution is alteitiately concentrated by evapora- 
I tion and alloised to cool, successive crops oi 
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crys^la of coppor aulphato being obtained, | deleterioiu elementfl which are oobaaionaUy left 
of which tiie firet is the purest. As an altema- [ in small quantities in the gold reBned by sub 
tive the copper is removed from its solution by phuric aci^ rendering it unfit for use in the arts. 
electrolyfliB. The gold produced by sulphuric Chlorine process. In Australia and Canada, 
acid parting is usually from 996 to 999 fine, ; gold is refined by the passage of a stream of 
and the precipitated silver is about 996 or 998 i chlorine gas through tho molten metal, a method 
fine, l^ormerly nitric acid was used at i‘hila- j invented by Miller in JH(»7. Tho chlorine is 
delphia as an adjunct to tho suljihiiru' acid jiro- ! eonvoyed through a (day pipe, which is inserted 
ce^ before^ the introduction of tlu^ (di’c.trolytic ' m the metal. Zme, iron, Ac., are chloridiscd 
process. i jirsl and are Houujtinu's removed by a current 

In tlio United States, in (Canada, and in some | of o.wi'cn ladori* chlorine* in passed through, 
rofinories in London and (hTtiuiny, gold is ! Sihor is atlaclo'd l.ist, and the end of the opera- 
refined liy electrolysis. Two processes are used tion is recognised by the appearance of a 
Hucoossively. In tlic Mochm.s jirocrfin^ix, parting characteristic Mlaino,* denoting that tho chlorine, 
alloy eontuiuing not more t han 116 p e. of gold which iii the carli('r stages is (amiph'toly absorbed, 
and at lon.st 76 p e. of siher, copjier, lead, (fee., has Ix^gun to pass unchanged through tho 
is electrolysed in a solution containing about : metal. Tli(‘ fused chhu’ides are bsled out into 
2 p.c. of free nitric acid and 6 ji.e. of silver in i moulds and the refined gold stirred and cast 

the form ol nitrat-e. Silviu-, cupper, and sorue ' into ingots. 'I’lie chlorides, which contain from 

other metals are dis.scdved at the anod(«. and ' 5 to 16 p.c. of gold, are romoltod and amall 
silviu'IS deposite(.{ at the eaihodes which consi.st I (juantilies of sodium bicarbonati^ are added 
of roU(‘d sht.a'ts of pure siher. 'riie current : without stining. Some silver la reduced at 

density is 7T) amperi's ])er sipuire foot of eaUiode tho surface of t he charge, and falling through 

surface at IMiiladidphia, and as nineli as 26 the ciilondes carru's down the gold with it. An 
ampcr(^s por sqiiaro foot at Denver, d'he silver | alhiy is thus jirodneed, containing from 40 to 00 
is deposited in a cniun’ent form on l.he eal hodcs p.e, of gold, wliich is again passed through the 
with thi* helji of a htth' gelatin m the eh-ctrolytc' refining process, ’.riu* slabs of silver chloride 
and is Hubsequeiitly stM{)])ed olf. 'riie gold are boiled m water to fn^e tbom from the 
remains undissolveil at the anodes and retains ehlond(“s of cojtpcr, ’/.me. LSie., and the silver is 
some silver. Tho copper, lead, zinc, (fee., then ivdueed by means of iron and hydrochloric 
uccuinulale in the eluetrolyte, winch is kejit in acid. The refined gold is about 996 fine. The 
condition by the addition of silver nitrate and metliod is inconvenient if a large projiortion of 
by frequent renewal. The, gold anodi's are silver is prevsent in tho bullion to be refined, 
sometimes boiled in Hul])huTic acid, hut if they Properti(;s Of gold. Tlie eharaotoristio yellow 
contain as mueli as {)o6 .parts of gold per 1606. colour of gold is irnuh' redder by the prosonce’of 
they may be melfii’d at once and cast into anodes cop^ier and jialer by tlie pr(>scnco of silver. In 
for treatment by Die Wolilwill process. certain jiroportions'the eftect of one of the two 

In the Wohhi'ill 'process, tiio anode,s contain metals neutralises tliat of flic other. Molten 
not more than 56 parts of silver per 1600 and a gold is green in colour, and very finely divided 
few parts per 1(K)6 of base niotals. JJy tho uso gold is usually of some sliadtj of purple, as in 
of a ‘pulsating’ current (a combination of a the case of gold whieli lias been volatilised and 
direct and an alternating current), it is cla-lniod condensed! 

that material containing a great(‘r proportion of (fold is the most exf-onsiblo of all metals, i^d 
silver can lie treated, as the silver chloride is can bo reduced bv hammering to a thickness of 
automatically detachc(l from the anodes. Tlie 6*66008 mm. Its imilleability and ductility are 
electrolyte contains from 2 to 10 p.c^. of hydro- rcduei'd by tho pn*scnce of imjmrities, of which 
chloric^ acid and from 2-5 to 6 p.c. of clilorKh* of bismuth, lead, and foliurium have the most 

f old, Itns lioatcd to a temperature of 66'^ to 76' . striking efiecte. Gold containing 0*25 per iCKK) 
'he higher strengt hs are in use at .Denver, w'hore of bi.smuth is brittle. The melting-point of 
a high current density of 66 amperes per square pure gold is I064'h but if 0*2 p.c. of tellurium is 
foot is used. If the hydrochloric acid is in- contained in it, it softens at 432'’. the melting* 
Buffioient in amount, or if tlio electrolyte is not point of the eutectic of gold and tho compound 
hot enough, or if too high a currept density is AuTe... I’ho presenco of most other metals 
used, some chlorine la giv('n ofT at the anod(‘a reduces the melting-yioint of gold, but platinum 
and a corresponding amount of gold remains raises it and silver docs not materially affect it, 
undisKolved. The anodes are made of such unless it amounts to at least 30 p.c. of the alloy, 
thickness {4 to 12 ram.) that they can be dis- The deiLsity of east gold is about 19*3, but that 
solved in from 24 to 36 hours under the con- of precipitated gold is higher, varying up to 20*72. 
ditiona of treatment. The cathodes consist of Gold is unaffected by the air at all tempera- 
fine gold and the deposit on them is almost pure turos and can be molted and solidified without 
gold, 80 that copper, lead, zine, tellurium, (fee., being changed. In large pieces, it is not 
accumulate in the solution, to which it is noccs- perceptibly attacked by alkalis or by nitric, 
sary to add gold chloride at frequent intervals, sulphuric, or hydiochforic acid, but, when 
Tho residue at the anodes consists chiefly of finely dividc(?» it is slightly soluble in boiling 
silver chloride, but any platinum that may bo HCl and in boiling HNO,. It is freely Bolubn 
present remains there and some gold is also left in aqua rtqia or other mixtures, evdlving 'oae 
undiseolved. The anode mud is boiled in of the halogens, and more slowly by cyanide 
sulphuric acid which converts the Ag(^ into solutions in the presence of air. Its comTOUnds 
AgjSOj. aro generally formed with difficulty and oecom* 

'The gold and silver refined bv electrolysis are posed very easily with the isolation o! the metal., 
of hvh quality. They can oasily be made over Alloys of gold. The gold-eopper olioyo tfO 
999 fine and are alwa^ free from lead and other harder, more fn^bto, of higher tensile etre|igtA» 
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ftnci loan malleahio and durtilo than pure gold. 
The motalH are miMfible in all proportions when 
molten and on solidilioation separate only to n 
slight degre(!. 'Phe fii-si additions of copjjer to 
gold (■auso a 7'apid lowering of tfie melting-j)oint. 
the niininojin of 884'^ being rojudjod at tlie alloy 
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When the alloys are rolle<l or haniuK'i’cd, IJie 
donsitie.'^ are litghcr, and the (hMisiticH of gold 
wares, wliic-h lamsist, df triple afloyK of gold. 
8ilv(‘r, and copper, uiv aho iiiglier. 

(iold-fiilihr alloys are soft. inal!eal)le, and 
ductile aiul all tlieir jiroperties arc Hitcriiudial-e 
between those of gtdd am! silver. The colour is 
dominated by the silver, the alloy eonlainmg 
37*5 p.e. of gold being only just distinguislmlile 
in colour from ]>iire silvci'. Alloys eontajiiing 
not less than (»r» p e. of silver are almost com¬ 
pletely parted by noiliiig nitric or suljihune acid, 
lihe silver biuiig (lissolve<l and the gnild loft 
bi'liind as a lirown sponge or powder. 'Phe gold 
obstinately retains about O'l ]).(', of silver, and 
op oontiUiK'd bojiiig in slrniig nitric acid, some 
gold is dissolved wliilst the jiropm’tion of siher is 
reduced very slowly', The presenei* of copjier 
facilitates the aetion of the aenl hut does not 
alter t}ie ilnal result. 

Aiml^jamn or alloys of gold ami moreury are 
formed at ordinary tmiiperatures by dins't. union 
of the two metals. Mereury dissoivoH 0 11 p.e. 
of gold at 0" and tl'llhl [i.e. at KMr, and gold 
absorbs abouti t> tiini's its weight of niei'ciii’y. 
forming a silver-white solid alloy I'ontaining 
about iy'5 ]).e. of gold. At 440"' most of the 
mereury is removed hy’ volatilisation, the residiie 
containing about 75 p.e of gold. At a bright, 
red heat., almost all the remaimh'r of tlie mercury 
is distilled off. In the alternative, the mereury 
can be removed by dissolving it in nitiie acid. 
Parravano ((»ax/.. ehim. ital. 1!)1S, 48, ii. 1211) 
states that, gold amalgams <ontain at least, two 
compounds Aiiolfg;, and Au^Hg {'\f. I’aal and 
Stcyer. Kolloid Zeiisi h. l!)lH, 23. 145). 

Oold-iro)) alloy’s are hard hut malleabh' and 
ductile. Alloys, containing between 15 and 
20 p.e. of iron, are u.sed in jewellery in Krani-e 
under the name or f/n’.s-. TIuur colour is grevish- 
yollow and they melt at tmnperatures Jiigher 
than that of pure gold. Or hlcu contains 25 p.e. 
of iron. It molts at a temperature of llti0°. 

Gold lorm.s a brittle purple compound with 
aluminium, containing 21’5 p.e. of aluiipnium 
and having the formula AuAIj «iS8igned to it. 
The comTOund AuZn, containing 25 p.e. of zinc, 
is of a pwe lilac colour and is also brittle. There 
are many other iiitermetallic compounds con¬ 
taining gold, usually brittle Bubstancpi! of a 
silver-white or greyish colour. Zinc removes 
• gold from molten lead, forming tho compound 
AuZn^i, and aluminium has the same property, 
the compound formed being ^Al,. 


Uses of gold. Gold is used in tho form of its 
alloys with copper, silver, Ac., in tho manu¬ 
facture of coin, plate, and jewellery. Gold leaf 
is used for gilding by hand and potassium auro- 
cyanido i.s used in gold plating baths. Gold 
is also used in phutogra])by (in the form of 
sodium t-filoio-auraie); m dentistry (as alloys); 
ill niediciiie (as the- chloruhil^ and in llio 
rnanufacliiri- of mirrors for rcfli'cting purposes. 
Ill till' form of jmrjile of Cassius, and as leaf it 
IS Used foi‘ eolouriiig g!asse.s, glazes, and enamels. 
Tlie iud of a liu\ is emjiloymd m its application 
in gla/iiig and a mixturi' of the composition 
30 [liu'ts i^'-ecipii ated gold, 15 of black mercurous 
ovkIc. 2'5 of basic liismulh nitrate, and 0’3 of 
inelti'd bora.v is lecommeiided. The addition 
o! 3 parts of silver earbonati' jiroduec.s a greenish 
lint'. Affei firing the gold fins a matt surface 
.ind must, be jiolishcd with hlood.stone or agate. 
A clicaiKT jiroeess. which does not require 
jtolisliin^ after iii'ing. i.s in the use of ‘(-Ilanz 
gold ' oi ' .Meissen gold.' a. jn'eparation of gold 
solution with an organic %jedium such as 
turpentine, lavendei oil. and a balsam or resin, 
tlold lace coiisistH of e.vcessiscly line strips of 
gold twined tound silk arul eontain.s about 
2 5 ji.e ol gold l)y wi'iglit * 

Maiiiifiicliiii o/cm//.~'J'l]e ataiidal’ds of fino- 
n«'ss ol 910‘(i (British ibiqure, Turkey, and 
Portugal), and 1)00 (most otlu'r countrio.s) are 
u.sed gi'iicriilly for-eurrent coin, l.lie oxco]ition 
being I'igypt where tiie standard is 875. The 
alloy jinncijially eojipoi*, but small quantities 
of .silver arc pnvsent in most coins, tlie proportion 
being liighcr in old ones. Fine gold was used 
lor coinage for a t ime in Ancient Greece and also 
in Home, unilcr tho Hepublie, but copper was 
afterwards added to reduce tin' cost, i'hno gold 
IS still used for some medal.s. Jt is now uni- 
vorsaliy adrnitled that the alloy with copper is 
be.ttci than pure gold for coinage, owing to its 
lower melting-point, which is advaiitageoua in 
th(' inanufaeiun', and its greater hardness, 
which onabh'N it to resist ilefai'emorit- better and 
perhaps to be less readily' abraded. The only 
(Iisadvuntage.s of the alloy with copper are that 
it blackeii.s when lieated and is in.ade brittle by 
the presmiee of a minute proportion of lead or 
tidlunum. Fine gold is not affected until the 
proportion of lead is five or six times a.s high 
(Ui5 fi.e. a-s against 0'025 p.e.). 

In the manufacture of coin, rclinod gold is 
nnOU'd with copper in graphite crucibles and 
ea.sl. into bars in upright (closed) iron moulds. 
Charges of about 25tM) ozs. are u.scd at tho Royal 
Mint and the fuel is ordinary illuminating gaa 
with a blast of air. Naphtha gas or oil are in 
u.s(^ at some other mint.s, but solid fuel has now 
been discarded generally. The loss of gold in 
melting is about 0‘2 per 1000, about half of 
which is volatilised and can be recovered by the 
u.so of suitable condensing chambers. The 
' remainder is in tho ‘ mint sweep.’ 

After being assayed, tho gold bars are rolled 
down, blanks or discs are cut out by punches, 
and the blanks annealed in gas furnaces, air 
being excluded. Tho blank is placed in a ooUar 
and 4(.ruok between dies by means of a lever 
press. A single blow suffices for the prodnotibn 
of each coin, the design on each side being 

{ iresscd 6imultane(^iy, while the metal is loreiMl 
aterally by tho pressure into the oomigoikiBi 
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of the collar. Finally, the coina are weighed 
singly on automatic balances which reject those i 
outeido the limits of weight allowed by law. ^ 
Gold wares. —The alloys used in the manu- i 
facturc of gold wares consist of gold, silver, and j 
copper. The wares are usually inado from 
rolled plates whieli are cut. out by punches and 
struck between dies. ’I’lie pieces are litUiil > 
together by hand, usually by means of soldering. 
Solders generally cont ain less gold than the parts 
which have to be joined together. Decorative 
work is carried out by hand-liamniering, en¬ 
graving, ehasing, &e. Tlie wares are ' cohjured ’ 
or pickled by a. process wliich rejnov«#t}ie silver 
and oojipcr from iJie surface and h'aves a 
coating of ]')uro gold, afterwards biirnislicd. In 
pickling, the w'ares are lu-atcd to rc<1ncsH in air 
and the blackened siirfaci' is removed by boiling 
in dilute sulphuric or intriit acid, afti'r wliicli 
the colour is improved by immersion in hot 
mixtures of nitre, common .salt, alum, &c. The 
fitandartia of gold wares authonsed by law in t he 
United Kingdnni'^'are 22 <'arat (/r. containing 
22 parts of gold out of 24) IS-, 15-. 12-, and !»• 
carat. Other standards are m us(‘ abroad. 

Imitation gold wari'S sometimes (‘onsist of 
alloys bf copper with alnniiniiim, zinc, and 
Hometnnes of a thin jhite of gold laid on a 
bar of base metal and rolled out for use jn manu¬ 
facture. hlloetro-jilating is carru-d out- in liaths 
containing potasHiuni aiirocyanide with anodes 
of jmre gold. 'Phe bath is used hot and the 
anode is of aijout the same dimensiuns as tlie 
article to bo gilded. Gold chloride is added to 
the bath, as required, to keep it at tlio strength 
of about one ounce of gold to the gallon (IV85 g. ! 
of gold per litre). In Jajianesc art, alloys of; 

3 or containing a small pro|)ortion of gold are ^ 
to enable a beautiful purple j^atina to bo ‘ 
roducod on the surface. The alloys are 
nown as Shikudo and Sluhnklii. I 

Gold lf.af contains from 90 to 98 p.c. of gold, ; 
the rest being silver arid conjKT. The metal is j 
coat into little flat bars which arc rolled out with j 
frequent annealings until about O'llH mm. tliick. | 
The strip of gold is then cut into pieces of I imih j 
square and these are interleaved with vellum 
and beaten with a lO-lb. hammer to 4 inches 
square. They are again cut U}> and beaten out : 
between gold-beatci*s’ skins. The book of 26 
leaves, each about 3] inches (8'26 cm.) square, 
contains from 4 to 10 grains (0-2H 1o O'fio gram) 
of gold. The leaves arc from 0‘00(K)8 to 0’00()2 
mm. thick. 

Production .of The annual production 

of gold, after remaining nearly stationary at 
6,0&),000 or 6,000,000 ozs. for many years, began 
to rise rapidly in 1891 and amounted to 22,850.(X)0 
018. of the value of 97,100,000?. in 1916. It is 
now declining, partly owing to the exhaustion 
of some of the mines, and partly owing to the 
rise in prices which has made the working of the 
poorer mines unprofitable. Many countries 
oonMbute to the output, and of these the 
Transvaial, United States, Australia, Mexico, 
Bhodesia, India, and Canada between them 
are reeponsible for 90 p.c. of the world's 
production. The British Empire produces over 
60 p.c, of the total amount. The world's stock 
of gold is estimated at 1,600,000,000?, 

BibUogmpky ,—A full bibliography of gold is 
A|Kpeaided to tiie Met^urgy of Gold, by T. K. 


Rose, 0th edit., London, 1915. The following 
are among the most important treatises on the 
metallurgy of gold published of late years: 
The Stamp Milling of Gold Ores, by T. A. 
Rickard. New York and London, 3rd ed., 1901; 
Ore UresHing. by H. 11, Ilioliards, New York, 
1903 ; ('yaniding Gold and Silver Ores, by H. F. 
Julian and K. Smart, liondon. l{K)4;_GoId 
Dredging, by (1. (’. Longndgo, London, 1905; 
Hand iMclallurgical Practice, T. K. R. 

Compounds of Gold. 

Two oxides are known, the monoxide or 
fluboxuh' AiuO, and the sosquioxide or peroxide 
Aii^jOj (Bulliilu'imer, ClumL Zesnir. 1897, i. 522 ; 
Vaiiino, Bcr. 190.'). 3S, 402). Auroaurio oxide 
(Au())a is formed by the jiarlial decomposition 
of auric hydroxide at 100 

The Infdroxidf' Au(OH).j is best pre¬ 
pared by heating a solution of gold chloride 
with niagnesia, aiul wasliing the residue with 
nit.ri(' acid. It may he obtaimul pure by re¬ 
ducing ])otassiiim auribroiuide, KAuBr4, with 
suljthurous aei'l, and then warming with dilute 
lintaHsium hydroxide. 

It possesso.s a yellow, olive-green, or brown 
colour (according to the method of preparation) 
while damp, and biH-onioM brownish or black on 
drying. Bium warmed with alcoholic potash, 
mefallie gold is ])reei]»itated in minute scales, 
used in miniatifrr 'paintin/j. 

The hy(lro.\id(3 is soluble in potash, with for* 
ination of a very unstable polassiinn auratc. 
1’hc solution may bo used in oldetrogilding, 

1'he alkali earth auratos have also been 
obtained. They are stable when dry, but 
decompose readily in solution under the in¬ 
fluence of heat or light. With organic matter 
tliey yield explosive powders (Moyer, ?.c.). 
When a sheet of gold is used as a positive 
electrode i* sulphuric or nitric acid, a reddish* 
brown explosive powder, jirobably a hydroxide of 
gold, is formed (llainpe, Ghom. Zeit. 14, 1778). 

When acted upon by ammonia, the oxidp 
produces a green or brown fahmnaU allied to 
tiiat of silver. The fulminate may be obtained 
as a bufl-coloured prei-ipitato, containing some 
amnioniacal subebloride of gold, on addition of 
ammonia to gold chloride solution. For a 
description of the explosive nitrogenous com- 
I pounds of gold obtained from auric hydroxide 
and the salts of gold by the action of ammonia 
j or ammonium carbonate, see Weitz (Annalon, 

! 1916,410, 117). 

I Aurous sulphide Au^S is formed when sub 
I phuretted hydrogen is passed into an acidified 
solution of gold cyaniue or chloride. It is a 
brown powder,*Bolublo in water when moist, and 
forms double salte with potassium and sodium 
sulphites (Ditte, Compt. rend. 1896, 120, 320; 

I Antony and Lucchesi, Gazz. chim* ital. 1896, 20, 
i ii. 350). 

Auroaurlc sulphide Au^S^ is formed by 
passing sulphuretted hydrogen inta a cold 
neutral solution of gold chloride (Antdby and 
Lucchesi, Gazz. chim. ital. 1889, 19, 645; 1891, 
21, ii. 209; Christy, J. See. Chem. IndL 1807, 
332). 

Auric sulphide AujSg is obtained m 
deep yellow precipitate, by treating anhydro(0 
lithium aurichloride with sulphuret^ hydros^ 
I at — lO’^ (Antony afH Lucchesi, Qazz. ohixn. ital. 
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1890, 20, <»01, and l.c.). ft in a graphitic 
amorphous powder, sp gr. 8 754 and docomposew 
at 197’*200 into d.H (‘hnncnlM. (iauwtic alkalis 
and liytlio- and jji'ly- suljihidcH of ammonia 
dftcornpoHc j| willi d(;j)o,siiion of motallic guliL 
'I’hc thr('<‘ Hiilpliidcs form colioiilal solutions in 
alcohol. 

Vyiicn liiM'ly divided gold is h(‘ati:d witli 
Hiilphiir and yiotaasinm (tarhonatc. a (huiMc sui- 
)hidc of yiot.assimn and gold, which resists a red 
leat. and is soluhlc in water, is obtained It' is 
etnployfsl for the produelioii of Vi'a/f/o.s hishc in 
gliding china. 

Various gold sodiutn, yiol'iissium. an<i anitno- 
niinn Hiilplutes and thiosulpltdes have liei'H ole 
tained (Antony and Luccliesi. I.r ). 'I'lie siilyili- 
itoH, K si Au(S(),) 1 11: Na.^l AulSO^Oild-l H ,(); 

An,,(S<);,),,-l.NH,,.llL<); and 

An(S(),),K ,.2NII ,.211 ,0 
are diwerilied liy I'l'it/e (Zcitsrh :iii()]’g Clu-ni. 
loos. .'19. 198). whilst, llu' coinpniind AuSi'NH^ 
ha,s been prepaMsl by Hofmann and lUh'lMlen 
(Ik'r. 190.9, 9(1, 90'.I0 • 1904, 97. 240). 
Thiosulphate of gold and sodium 
Aii.S.O., 9Na.,Sd),„411,0 
crystulliHCM in eolonrless needles, finely soluble 
in water. It is formed liy tlie action of sodmni 
thiosulphate on gold clilornh'. Tins salt 
exists in coinhuH'd fixing and toning photo- 

gruplttc bid)is 

Aurous chloride Au('l is toinu-d liy healing 
the tnchloride id. 170" 180 . It is a yellowish 
powder, sp.gr. 7'4. winch combines -with chlorine 
at ordinary temjievalm'e forming auric ehlorule 
and decomposes into its elements at about 185''’ 
(Hose, (9iem. Soc. Tunis. iSOri, 881, 9(10; 
(’ainpliell.Tnins. Karjidny Soe. J907.9, lo9). It 
i.s insolidile m water, but deeoniposed by hi 
with the lormation of uurie cliloride an<l 
motallic gold. It dissolves in a •^solution of 
potassium bromide forinnig motnlhe gold ami 
potnflsiiiTU aurieiiloi'ide ami bromide (Leiigfeld, 
Ainer. Hhein. J. 1!H)1.20. 924). Liquid aiuiuoma 
marts on aurous chloride forming AuLbl2NHn 
wliich loses ammonia on wanning and yields 
Ati(ll,9NH.,, which when heated to ISO ’ is deeoni- 
posed with tormaium ol aimnomum (dihu ide and 
gold (Moyer, (’omj)l. ren<l. HH9), 149, 28t)). 

Auric chloride or trichloride Aut’l,, is jire- 
pared by dissolving gold m aqua ri‘<iio and 
evajKirating the solution to tlrynesH at a tem- 
poratnre below 120'’, tlie hytlrnclihu'ie acid being 
always kojit in excess over tlie nitric acid 
AuTHNOa-fAHCl-HAut^lj-f SH.O i NO 
The residue i.s disflolvod in water and filtered 
from tlie aurous (“hloride which' is always pro¬ 
duced, and the solution is evaporated on the 
water-bath. Large onmge-eolourod eflloresrcnt 
crystals of thi^ hydrated cliloride AuCl3,2H.9) 
are thus produced. 

According to’Thomsen, the elilorida is best 
• prepared as follows. Powdered gold is converted 
by th§ action of ehlorino into the dark red 
crystalline dichloride, and a little water is added 
to convei't it into a inixtuixi of mono- and tri¬ 
chlorides. The mass is heated gently to decom¬ 
pose tho former, and the residue is dissolved in 
water, filtered from the reduced metal, evapo- 
rattnl and heated to with production of a 

brown crystalline mass ♦f the anhydrous 


chloride. The chloride is also formed whon gold 
is tre.atcd with fuming hydrochloric acid in the 
presence of a trace of manganous chloride and 
tho mixture is exjiosod to light (Berthelot, 
Oompt. rend. l!H)4, 198, 1297). 

If gold is treated will) li(]iiiJ chlorine in a 
sealed t.iibi' at the ordinary temperature, the 
metal is cf)nvcr1.<‘d into a crystaihne red mass, 
Imt wlieii heated at KKl ', the gold dissolves ' 
(‘iil.iri'lv. forming a deep yellow solution from 
wliK'li. (HI ciiiiling. auru^ chloride separates in 
wiiH'-n-d livgroscopic crystals. 

Kctwccii 179' and 249’ auric chloride dis- 
soi'ial.CH <nto aurous chioruh^ and chlorine 
(Mi'Vi'f. Homiif. lend. 1991. 199, 815 ; Hose, f.r.). 

ibulcr the inilucncc' o{ lieaL or light, auric 
chlondi' IS ([('Composed in s(ilution, thus : 

Audi, i 2119) AuCl i 2!lL[-f iLO-i 
.aml9Au('! 2Au ; Au('L(S()nst.a(lt.(lhem. News, 
1898. 77. 74 ; (9iem. Soe. I’l'oe. I8tf8, 179; 
l^dwi'. jhngl. jM)l\. .1. 279, l'>7). Manganous 
and uranous suljihat'e and also maiiganouR 
eidoruh' reduce gold ciiloiide m the dark, pre¬ 
cipitating iiK'tallir' gold. Till' process is ae- 
ci'lenib'd in the formei case by heat, in the two 
latter by sunlight (Oeelisuer de ('oninck, Bull. 
Acad. Ih'iy. Ih'lg. 1992, 9 Hi). 

(Jcjld ('blonde is also reduced by cliairoal thus: 
4Aii(!!,, MiIL() + 9(l 4Aii 1 l2IICl-fSCO.^ 
(Avory, .1. iSoc. ('hem. hub 1908, 255; Hay 
ami Tennenl, Ainei. ('hem. J. 1909, 91,4(il); by 
aci'tylene (.MathewH and Wut.ters, J, Amcr. Ohem, 
Soc. 1909, 22. 198) ; and by sulphuretted hydro¬ 
gen under eertain eoiuiition.s (Schneider, Ber. 
1891, 24, 224( ; Antony and Lucehesi, Gaz/,. 
(•him. i(-al. 1889, I9, 545). 

When heated to 209'. the t richloride is re¬ 
solved int(> a mixture of aurous chloride and 
gold. At a liighor ti'inperature the whole of the 
clilorine is given otT. 

Auric cliloride is freely soluble in water, 
ali'ohol, and ether. It forms a crystalline com¬ 
pound, Au(.l3.H(L4fT.jO, with hydrochloric acid, 
and forms double chlorides with the alkali 
metals and wit fi organic bases (Ijainer, Monateh. 
11, 220). Auric chloride combines with silver 
chloride in presence of ammonium chloride 
form a jmrpliHli-brown salt, in orthorhombic 
crystals. 9Ag('l,4AuC]3,HNHd9, readily decom¬ 
posed hy water with the formation of chloro 
auric acid and silver chloride (Pollard, Chem. 
Soc. 4'ran8; 1920, 99). 

Auric cliloride and the sodium and potassium 
salts, such as NaCl.AuCl3,2K20, are omploved 
for toning silvi'r prints in jihotography (Kebler, 
9. Krauklin Inst. PhX), 150, 235; Johnson, J. 
Soc. Lhoin. liid. 1901, 210). Other alkali double 
chlonJcs are dc.scribed by Wells and Wheeler 
(Amor. J. Sci. [9] 44, 157). 

Gold chloride forms salts with pyridine, such 
as (^bHjN,Au 013 , (ObHbN). 2 AuC 13 (Francois, 
Corajit. rend. 1909,13(), 1557). Aurophosphorous 
chloride (AuPCl3)Cl and complex ornnio com¬ 
pounds of phosphorus and gold chloride are 
described by Levi Malvano (Atti B; Accod. 
Lincei, 1908, [v.] 17, i. 847). The acetates and 
succinates are used in photography (Meiciw, 
Brit. Joum. Phot. 39, 354). 

Chloroaurio add AuClj.HCl, pr^red by the 
action of chloride on gold suspended in hydro¬ 
chloric acid (Lengfeld, Amer. Chem. J. 1901, 
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20, 324), reacts with silver nitrate, forming a 
brown precipitate, An(OH)3,4AgCI, which, with 
ammonia, forms gold fulminate, Au(UD)2NH2 
or AnN,2H2U+lLO. (Jold fulminate is very 
explosive when dry, and when heated with potash 
forms a fiocculcnt brownish-black j)r<>duct, 
probably Au(HU)j'NH‘Au(()H)2. winch is still 
more (explosive {Jacobson. Coin))t. I’cnd. lOOS, 
14(5, 1213; cf. Wcit/„ Amiaicn, Ihirj, 410, 
117). (Jhloroaurit; acnl loinis salt-s hucIi as 
K-AuBr^. &(’. (Longfcld, l.r.). 

By the action of aurocliloni^ acid on sodium 
azoiriiide an orange crystalbne viii'v (‘xplosivc 
compound is obtained ((lurtius aira Kis.som, 
J. pr. (Jiem. 1S08, [ii.l .^>8, 2(>1). 

(jliloroaiinc acid gives a bright yellow colour 
with a hydrochlorK; acid solution of o-tolidiiie. 
This solution, whicli forms a delicate colour test 
for the presence of free chlorine in water, lia^ 
b('on shown by Pollard (Analyst, 1010, 04) to 
form a delicate test foi‘ (he jirosenco of gold ; 

I part of golfl in 20 million par(.s of waler can 
thus 1)0 (hd.ected in a d(;pl li of 10 cms. of lupiid. 

Aurous bromide AuBr js a greeniNh-ycliow 
powd(‘r, winch is foiined by heating auriliromic 
acid at- 115 '. Its ])ro})crl ics an* very Himilar to 
those ol the corresponding chloruh? (.Meyer, 
l.r.). 

Auric bromide AuBr,, is formed by tlic action 
of dry bromino on powdered gold ; when heated 
it dissociates forming the monobromide (Meyer, 
Compt. rend. 1000, 148, 340) Aecording to 
Lengfold [l.c..), aurous bromoaurati' Au2Br4 
also exists. Bromoanric acid und bromo* 
aurates have also been prepared. 

Aurous iodide can hi* ]»n‘])ai’crl by the action 
of excess of pure iodine on metallic gold above 
51)'^, the excess of lodmc being then roniovod by 
careful sublimation (Moyer, Oompt. rend. 1004, 
139, 733). ft is also formed by the action of 
hydriodic acid on gold oxide. It is a white 
powder, turning green in air and decomposing 
at 190‘’; it is also decomj'josed by solvents such 
as chloroform. With iHpnd or gaseous am¬ 
monia, it forms Aur,()NH;, and AuI,NH3 (Meyer, 
ibid. 100(5, 143, 280). Aune iodide probably 
does not exist. 

Gold fluoride has been described by Lenhcr 
(J. Araer. (-hem. iSoc. 1003, 25, 1130). 

Gold chromate can bo obtained by treating 
silver chromate with aurie chiorido ; Aii,,((Jr()4)3 
is obtained in solution, whilst the chromate 
Au,(Cr04).4(/r03 cr^Tjtallise.-i from ’the mother 
liquor (Urioff. (Oiem. Zeit. 1007, 31, 1182). 

When .solutions of sodium aurate and chrom¬ 
ate are mixed, sodium aurochromate containing 
excess of chromate is obtained, the solution of 
which forms an excellent toning bath, giving 
urple-bluish tones. It is neutral and can be 
ept, -and the yellow colour allows the toning to 
be done in daylight (Mender, (’/horn. Zoit. Rop. 
24, 272 ; J. Soc. Ohem. Ind. 1900, 1038). 

Gold carbide. Au^f’^ is formed by passing' 
acetylene into aurous thiosulpliate. It is very 
explosive when dry and is dobomposed by hydro- 1 
ohmrio acid, forming acetylene and aurous 
chloride. Treated with water it yields go^l and 
carbon (Mathews and Watters, l.c.). 

The following gold salts have also been ob¬ 
tained : arsenates (Stavenhagen, J. pr. Chem. 
1895, [2] 51,1); selenates andlteUuTates (Lenher, 
J. Amer. Chem. Soc. 1902, 24, 354, 355, 018); 


various alkyl gold chlorides (Pope and Gibson, 
(3iem. kSoo. Trans. 1907, 2001); thiocarbamides 
(Moir, ibid. 1900, 1345); mercaptides (Herr¬ 
mann, Ber. 1905, 38, 2813), and other complex 
organic compoumls (l)unstan and Shepheard, 
(.3iem. Soc. Proc. 1893, 212; Weigand, ^eitsch. 
aogew. ('hem. 1900, 19. 139 ; Averkieff, J. Russ. 
Phyx. (Jiem. Soc. 1908, 40, 840). 

'I’lie tliio- com])imn(lM of certain resins and 
ethereal or fatty oils or thioacids, yield 
(^ompouiidH with gold which are soluble 
ill !n()'<t organic soiviml.H and which can bo 
employed in the c(‘ramic enamel and glass 
induatrie.s for the dejjo.sition of tho finest layers 
of bright metal on variouH substances (Pertsch, 
Frdl. JH94--97. 1324). 

According I'O Odenheimei' (J. Soc. Ohem. Ind. 
1892, ODO), textil(» fabrics padded or printed 
with a gold salt and then treated with a reducing 
agent assume a beautiful grey colour, tlio process 
being accelerated by heat or .sunlight. The shade 
(lependH on tho nature of the reducing agents 
employed and on the strength of the gold solu¬ 
tion. WluMi tbe.se grey fabrics are subjected to 
heat' between rollers, red, purjile, or pink colours 
are obtained, depending on tho original shade of 
grey, 'Plie high prii'c of gold is no disadvantage 
m this process a.*! only a very minute quantity 
of gold solution is required. Thus, for a beauti¬ 
ful peai'l-gri'y on half silk, the cost is only 
'Id. per lb. of material dyed. 

Gold cyanides (^cr.' FLEOTBorLATiNO and 
(;yANn)i5.s), 

GOLD, MANNHEIM. A bra-ss containing 
8(3 p.c. of copper utul 29 }).c. of zinc, 

GOLD, MOSAIC. A fine, flaky vellow form 
of tin (liNulplndo: is used in tho arts to 
imitate bronze under tins title, and is preferably 
jiropared as follows. A mixture of 7 parts of 
sul[)hur, (5 parts of ammonium chloride, and 18 
parts of af)OW(lered amalgam containing 2 parts 
of tin to 1 })art of mercury, is heatea gently 
until the smell of Hul])liuretted hydrogen is no 
longer [icrceptible. The heat is then raised ±o 
low redness, and a mixture of mercurous chloride, 
ammonium chlorides, and cinnabar sublimes, 
while the mosaic' gold alone remains. A fine 
product is also oht.ained by heating a mixture 
of 5 parts of stannous sulphide ana 8 parte of 
mercuric chloride. 

Tile essential point is that tin must be present 
in a volatile form ; stannous chloride itself may 
bo used. 

A pale-yellow mosaic gold is produced by 
heating GO parte crystalline stannous ohloride 
with 25 parts flowers of sulphur; a reddish- 
yellow product is obtained on heating together 
50 parte 50 p!c. tin-amalgam, 25 parts stannous 
chloride, 35 parts ammonium chloride and 
35 parts of sulphur. 57 p.c. of the tin taken is 
obtained as tho sulphide (LaguU, Zoitech. angew. 
Chem. 1897,557). 

Tfte tempqfature should not bo too htglu 
as the stannic sulphide, when strongly heatiK7 
\oiQB one equivalent of sulphur and'becomM 
black. 

Mosaic gold is insoluble in nitrio and hydro¬ 
chloric acids, but dissolves in aqua r^gia aM in 
alkaline hydroxides. 

A brass, introduced by Hamiltem and Farl^ 
! (Edinb. J. of Sc. 1820), and containing 62 to 00 
p.c. of zinc, is fflso known thia name. A 
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nixturc of cqnnl parts nf zinc and cojjpcr is 
!uHed ftt tho lowest. nos.siblo tonqicraturo, and 
tine in nlowly added, witli constant Ktirnng, 
until the. desired colour is jnoduccd. The colour 
passes from a brassy yellow to a purple or violet, 
and (iriallv beeomi's ju-rfeetly wdiite. 1 he mass, 
when eociled, has the oolour of gedd, and is 
said to be not liable to tarnish. 

GOLD, ORANGE, e. Azci-couiuring matteks. 

GOLD PURPLE (/'icrp/c of Cassini). This 
eoinpound is cditained as a line, tloeeulent 
jiurplo preeijiit.al.e on addition of a solution of 
staniiims ehlonde (ontailuiie stuiline chloride, 
to a dilute neutral solution of pold cdiloride 
The iiresenee ot the stannic; ehlonde is essential, 
as pure, stannous elilonclo jiioduc-es only a brown 
preeijiitatc-. , . , , ,, 

A vory till!’ is ohliviin'd. Iiy 

Btaniious cliloruic t'l l(*inc clilinidf* uiiii! t!ii‘ 

MoJutii>n is of a ])iilc I'rcon oolour. and employing 
tho mixture to preeipitaie tlie. gold solution. 
Aecording to another process. 1 ]»ar{ oi tin is 
dissolved in the inmiinuin of hydroeldone aeid. 
and 2 parts of tin* tin are. ilis.solved in a efdd 
mixture! of jiarts oi iiitin' iiej<i and I jiUcit of 
liydroehlorie acid, tin- solution being iinally 
heated to ensure conversion of all the tin into 
Htannie elilorult'. A solution of 7 parts of goh 
in a mixture of b jiarts of hydroeiilorie acid and 
1 part of nitrn- aei<l is diluted with jiai'ts 

of water, and tli<' solution of the slannie chloride 
is added, tlie stannous clilonde being then added 
in drops until tlie required colour (from-violet 
to puride or brown) is obtaiiu'd (Haisson). 

According to IVIletier, a purple of (’assius of 
constant eomposituui is fjlitiiiiniul as follows. 

A Bolufion of as much gold ehlonde as contains 
20 grains of gold is diluted to 7d(l or SOO e.e., 
and tin tilings are introduced, 'rim liqind 
Hpoodily becomes brown and turbid, and iinallv 
(^posit-s tlie purple, whieli is washed 7111(1 dried. 

It is said to contain 112 75 p.c. of stannie oxide, 

14-(i2 p.c. of stannous oxuh*. 44-*77 p.e. of uiirous 
oxide, and 7'8(> p.e. of water. ■ • i • 

Purple of Cassius may also be obtained in 
great beauty bv treating an alloy of gold 2 parts, 
tin‘3-5 parts,'ami silver 15 parts, with nitric 
acid to remove tlie silver and oxidise the tin. 

Zsigmondy (Annalen, 301. 301} prepares 
purple of t’eisius by mixing 200 e.c. of gold 
chloride (3 grama Au per litre) with 250 e.e. 
stannous ehloride (3 grams Sn })er litie) and 
4 litres of water. After 3 days, the iiurjile is 
deposited, leaving a liquid free from gold and tin. 

'Phe precipitate thus prepared contains, after 
ignition, 40-3 p.e. gold and 51t-7 p.c. stannic 

Ace.ording to Moissan ((/or^p^. rend. lOOo, 

141, 977), wnen gold-tin alloys are di.stilled in 
air,’a finely divided mixture of stannic oxide, 
lime, and gold is obtained, having the colour 
and properties of. purple of Cassius. Similar 
deposits of varying tint can lyi obtained by 
Substituting for lime other oxides such as 
ziroonia^siuca, magnesia, or alumina. 

Schneider (Zeitach. anorg. Chera. 1893, 5, 

80) obtained an aqueous solution of gold purple- 
bv treating an alloy of gold, tin. and silver with 
concentrated nitric acid. When the resulting 
black powder is washed with ammonia, a ruby- 
red coloured solution is obtained, which is 
dUdysed until it contains no more ammonia. 


It contains 0-5800 gram of gold and 5-4048 

grams of stannic oxide per litre. 

Potoasium cyanide decolorises tho solution 
and stannic, acid separates. With mercury, the 
solution becomes l.rownish-red and gold is 
extracted; whilst wit.h ('xcoss of hydrochloric 
acid, tlu^ Koliition Ikm'ohic.s violet and yields 
firmly divided gold on dialysis. According to 
this‘author, the Holuble form of purp e go d is, 
possibly, a iKiisliiro of tfii; fivdrosols of f^old and 
stiinnu; iii'id. ■ 

Tins body, wlucli is vised in tho, manvifacturo 
of artilicial Koins (c. (injis. Imitation and 
cnifSTEr.FElT), and for iniiiiu'ting a rod, rose;, or 
pink oolour to jiorooliini or onamol, varies in 
oolmir Ii-Olil a violot to a jinriilisll-red or brown. 
Tlio ilrv jvrooipital,!' is msoliibfc in .strong or 
dihit.o alkalis, blit whon moist tho jiurplo dia- 
soivos 111 water in tlio iircsonoo of verv small 
quantit ios of aoids anil alkalis. Salts and excess 
; of alkalis and aciil.s |,ivci|iitato tlie purple from 
tIu'Sc solut ions.' 

Wlnlo moist,. It IS also soluble iii ammonia 
with prmliictioli of a ]>ur(dc colour, from winch 
f lic iirccniitatc is rodcpositcvl on addition of an 
acid or on boilinvt, and. in the iattcr case, is not 
again snlublc. The ivniimmmcal solution jirocnn- 
lat,i« gold on cxnosuro tvi hglili. 'I'lic [Uirplo iloes 
not iiass llirongli the mv'inliraiic of a dialyser, 

Wlicn dried and triluiraf cd, f.hc pui |ilc of ( ,aa- 
sins aciimrcB a metallic bistre. No gold is re¬ 
moved from it by tlio action of iiuircury. It 
retains wat-er at lOO", but givos it, 11)1 and ne- 
(iiiircs a brick-rod colour wlicn ignited, and loses 
its eolonr at the melting-iioint of gold, but with¬ 
out evolution of oxygon. 

On adding a greater quantity of mercurous 
ehlonde to a solution of auric chloride than that 
required for the reaetion 

liHgdl-f Au('lj--;iUg(ll.+Aii, 

the charaeteristie eolonr of puiqilo of Claims is 
obtained, if barium sulpliate snB)i™ded in 
water is rii'evionsly nii.scd with tlie iiioreurous 
chloride, the sulphate takes up the gold and 
breonu'ia the colour of the purple. Antony and 
LucchcHi ((ia 7 . 7 .. chim. ital. 189(i, li. 195) therefore 
regard true purple of (.aissms na being, not a 
compound, but merely stannic acid mechanically 
covered w'lth gold. * i.- i 

The constitution of this substance, of which 
tho compoHition. a-s found by analysis is very 
variable, is* not yet established. Bm.ehuH, 
iudging from the re.searchoH of Piguier, cou- 
sulerod it to be a hydrated stannatc of gold and 
tin. Macquer looked upon it as a mixture of 
Htannie hydroxide and metallic gold ; and Prouflt 
considered it to be a mixture of auroitannous 
stannate and stannic hydroxide. 

Zsigmondy regards the purple as a imxture 
of colloidal gold and colloidal stannic acid ; the 
gold acquiring tho property of dissolving in veiy 
dilute aoids through tho presence of the staimic 
; aeid which is soluble in them. A mixture oi 
1 colloids may thus behave as a chemical m- 
i dividual where the properties of one of the con- 
i 8bitue,nt8 may be completely hidden, 

! Debray (Compt, rend. 75, lOM), ^0 
; Moissan (l.c.), look upon it as allied to the toiCB, 
; and os consisting of gold eombmed with stanmo 
j acid, in the same way as the wlounng matter 
I of the lake is combined with alumina, the gold 
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being insoluble in mercury, as the colouring 
matter is insoluble in water. Debray has pre¬ 
pared the purple by boiling freshly precipitated 
stannic hydroxide with a mixture of gold chloride 
and potassium oxalate. The action of ammonia 
on the jpuq)lo is similar to its action on stannic 
hydroxide, both being soluble while moist, but 
becoming insoluble when anhydrous. 

The fact that the animonuical solution pre¬ 
cipitates gold is in favour of the view that the 
gold is present in the nictalljc state, as aiuinonia 
is not known to jireeipitato jn-c'cnms metals by 
action on their oxides. 

Dobray has also produced a ])Ut^)le by le- 
plaeing the .stannic h\drovido by alumina. 

Miillor (J, pr. ('hem. [ii.J IK), 2.^)2) has ])repared 
piu'ides by seveial priucsseH wilbout tbe iisi‘ of 
tin. A })ale rose (eontanung O’l p.i'. ol gokl) to 
deei) carmine pigment is produei'd by igniting a 
well washed and driei.! mixture of magiie.siuiu 
oxide and gold elikuide. A similar result is 
obtaiiK'd by lu'atnig the mixture iii a eurrent of 
hydrogen. 

Lime, eah ium earbonale, ealeium pjios|)jiate. 
barium sulphate, and lead and zinc oxides give 
similar but less satisfactory roHults. 

The most intense jmrjile is, liowever, ob¬ 
tained by redueing a mixture of aluminium 
liydroxide and gold eiiloride witli alkaline grajic- 
HUgar solution. The mixture is agitated and 
heated until of a hrigliti searli't colour, but the 
colour must not be allowed to roach a purplish 
rod, or the resultant product will be of inferior 
brilliancy. 

Similar but less biillianl ]nirples than those 
with magnesia and alumina urc obtained with 
tin. Ah much stannous ehlondo ns corresponds 
with grams of stannie oxide, is dissolved in 
200 e.e. of water, and tho solution is rendered 
alkaline by adibtion ot potassium carbonate, 
(rrapo Buaar solntion is added, and the mi.xturo 
ia diluteil to 800 litres, and is wanned until of 
the best colour. 

These metliods of preparation uphold the 
view that the gold is present in the metallic state. 

Kcd, blue, violet, and green colloidal solu¬ 
tions of gold (;an b(i readily jirenared. Colloidal 
solutions of gold can be formed by the addition 
of gold chloride solution to water, containing 
small quantities of the following substances : 
turpentine oil, pinenc, rosemary oil, or potassium , 
carbonate with formaldehyde, pinono, turpentine 
oil, or alcohol. The formation of the colloidal 
Holulion can bo accelerated by adding to the 
gold chloride solution a few drops of gold 
solution already in the colloidal state. The 
colour of the solutions depends on the tempera¬ 
ture and the concentration (Vanirio and Hartl, 
Ber. 1905, 38, 4b3 ; i00(>, 80, 1(506 ; Zsigmondy, 
ZoitiBch. physikal. Chom. 1906, 50, 65 ; Henricn, 
Ber. 1903, 36, 609 ; Garbowski, ibid. 1215). Col¬ 
loidal gold can also be precipitated by the action ; 
of formaldehyde or acetaldehyde on gold chloride I 
in the presence of sodium hydroxide (Zsig- i 
mondy, Annalen, 1898, 801, 29 ; Zeitsch, Chem. ; 
Ind. Kolloide, 1007, i. 272) or potassium | 
carbonate (Thomas, J. pr. Ghem. 1900, 80, 518).' 

Carey Lea (Zeitsch. aiioi^. Chem. 189'^, 13, 
447) obtained a beautiful green solution by 
mixing a 10 p.c. sodium hyposulphite solution j 
with 1 c.c. of gold chloride^olution (10 c.c. j 
=1 gram gold) and a drop of smphuric acid. As , 


soon as the solution begins to darken, 30 c.c. of 
water are added. Gradually, a bluish-black 
precipitate metallic gold separatee; after 
filtration, the green solution again becomes 
turbid. If the solution is shaken and allowed to 
remain, a procipilato of gold is deposited on the 
aides of llie ve^ssel. whicli i.s yellowish brown by 
reflected light and bright blue by transmitted 
light. 

Hmnu' ai id. added to gold chloride, produces 
<-oIlrudal g<ikl Huliitjon.s of viiriouH colours, 
de])endi]ig (ui (lie conditioiiK of the experiment 
(Klireiilau'g aud I’lek, Zeitsch. chem. Ind. 
K(.lloide, 1009. 5. 80). 

A\'licn 1 li(i(' of wat(“f containing I gram of 
auric chloride and nuidi; just alkaline with 
sodium c-arlniiia1(‘, ih Ixuli'd. and then jiouretl 
into 800 c.c. of a cold s«>!ution of catechol 
{pyrocatccliin) containing II giams per litre, a 
red (xiloralion is ju’oducci!. rajiidly turning to 
violet. On luixing 10 such jircparations and 
; ju.sl acidifying with Hulphunc acid, the liquid 
; becoiucH blue and dcjio-sit.s a blue powder which 
I is waslieil willi water, then with alcohol, is dis- 
I soivi'd in .iinnnmia and can he rcprocipitated by 
I sulpliunc acnl. 'I'Ik* Hiibslance inamfostH acid 
i projiertie.s. iorniing Halls with somo of the heavy 
; metals (Hennot, (.'oinpL rend. 1904, 138, 

I lOM). 

I A stable solulion of colloidal gold of thora* 
jH'Utm value is obt.aincd by reduoing with 
, atoxyl (/MiminopheuylarHinatc) a gold diloride 
I soluligii made faintly alkaline with sodium 
liydrogcn carboruite. Similar solutions are 
also obtained by reduction with sodium'sul- 
jiluinilate or najililhionate. 'When evaporated 
to dryness in a vacuum, a grey residue is ob- 
taineii. winch dissolves completely in water, 
forming a churacteristu: ruby-red solution of 
colloidal gold (J’oulcnc* Fr6ros, D. R. P. 206343). 

Red W purple colloidal solutions may be 
obtained by passing carbon monoxide, pure, or 
mixed with carbon dioxide, through a solution of 
auric chloride in conductivity water, containing 
0‘002-0‘05 p.c. gokl (Dunau, Monatsh. 1906, 20, 
525). .Similar solutions have also been obtained 
by reducing very dilute solutions of gold chloride 
with phonylliydrazinchydrochloride(Gutbior and 
Resenschek, Zeitsch. anorg, Chom. 1904, 39, 
112), hydrazine hydrate (Gutbicr, ibid. 1902, 
31, 448), Iiydroxylamino liydroehlorido {ibid. 
1902, 82, 347), or with sodium lysalbatc or- 
protalbato (Paal, Bcr. 1902, 36, 2236), quinol, 
gallotannic acid, p-oxyphonylaminoacetic acid, 
1:2: 4-dianiinopheiiol and other photographic 
developers. Somo of these colorations are bo 
intense that they may be used as delicate tests 
for gold (Sail?, Analyst, 1913, 54); also by the 
action of Anp^rgillufi oryzee on O’Ol gram gold 
chloride in lOO c.c, water (Vanino and Hartl, ihtd. 
1904, 87, 8620). An electric discharge between 
gold poles also gives reddish-purple or dark blue 
soluti'^na, which can be hltered without change 
and retain their colour for months (Bredig,* 
Zeitsch. angew, (Jhem. 1898, 061 ; Bre^g and 
Reinders, Zeitsch, physikal. Chem, 1901, 37, 
323). Various other methods of preparing 
colloidal gold solutions and precipitates have 
been proposed (Schottlander, Cnem. Zentr. 1894, 
ii. 4(J0; Brunck, Annalen, 1903, 327, 240; 
Donau, Monatsh. 1004, 25, 545; Whitby and 
Bloke, J. Amor. Chom. Soc. 1904, 20, 1339; 
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GOLD PURPLE. 

^anino and Marti, Ohrrn. Zontr. 1907 i- 10«9 I 1 . Average composition, aocording to Girard 

/anino, ibid. I'JOH, i. 440; Dauvd, J. 

Ihiin 1909 29, 241 ; Docrinskel, /citsch. 

inorg, Ohoni. 1909, 03, 344; Hartwagnor, 

Kolloid. Zoitorh. 1915, 10, 79; Zsigmondy, 

Kloktrocliom. 1910, 22, 102). 

Gold cliloriili) solution, with water glass and 
toririalin heated on the waterdiath gives, aenird- 
ing to (luaiitity, hnglit red, elaret-red, blue 
or even green e.olloidal solutions. \ erv small 
amounts of gold gave a rose-red eoloration 
I KiLsperl. Her. 1902,3.5,4070). 

Acoording to Stenberg (Ann. 1 liysik I .lOS. 
liv I 20 329), the vaiioiis eolours ot eolloidiil golil 
solutions are. due to the dillercnee 111 form o llie 
nartieles. Uistinet forms of pailieles e.vist loi 
the red and blue soliil ions ; the violet eolom is 
produced bv a mixture ol these, whilst green 
solutions are due to the eondensatioii of the pai- 
tielos which give rise to the red and 1. lie colour 

Thell(|llld hydrosols of gold aie deeololised 
wluui Hliuko-n willi iiiDtiuLl uliaruoiiK banum mu- 
phate, powdered porcelain, amorp unis silica 
libres of tilter paper or with eloetrolyles, but it 
gum arable or gelatin is present, Ihis reaetiiiii ^ 
i>Tovonto(l or diniiiiirtluHl (Duiiau, MoiuiLhIi. 1 
20, .525). An oleelrie eurrent in tlie presenco 
of various eloetrolyles eliaiiges the 'c'l/ '^loic al 
solutions into bliiii (Hlahe, Aniei. .1. hci. 191 .i, 

[iv.l III, 433). , ,, , 

Silk and eottiiii libres treated with taimin o 

statmons eldonde and pyrogallol, are eolmirei 
rod and blue respectively, ou addition of golit 
chloride. 'I’his eoloiir is destroyed by eoneen- 
tratcjd aoidn, froo h{doi^('^s, and ivduciii;.^ UGciUh. ^ 
but ntit by dilute aeiils or alkalis. 

GOLD, YELLOW, r. ViCToniA yni.nuw. 

GOLDEN YELLOW r. JJAi'iiTH,M.ii.N n. 

GOMAINE. 'I'rade name for a siiliitioii of 
iodoform and eainphei' iii sesame nil. ^ 

GOMART RESIN it Oleimiesins. 

GOOSEBERRY. The fruit of A'lVifi !/"'"»"■ 
laria (Linn,). T'here are many variotie.s, ihller- 
iiig in shape, ai/.e, texture, and eohiiir. 

They aro lavgoly used, both miiniiture and 
ript, in cookery, as raw fruit and in jnm making. 

The average eompiisitimi, dediieed from J4 
analyses, is given by Kbiiig as follows 

Free Invert Siicclui-Other ciutiii- 
Water Protein .sclil sugar rose liyili.itcs f llse-Ash 

83-U 0-5 1-4 71 osi Oh .to 0 4 


Tlio acidity i.s eliicfly due to malic aud.^ 

GOBNEROL. Trade name for an esseiilial 
oil prepared from the leaves of MMciim 
hucidendron. (Linn.) (Nat. Old. •Mi/rtaiiiiB) of 
Now Caledonia, similar to, it not identical with, 
oil of Cajupiit [q.v. under art. Oils, li.,ssEKTi.u.). 
Known also as l^iaoul oil. 

GORSE, called also FURZE and WHIN. 
Via mropana (Linn.). A plaift belonging to 
'the IcoiiminMOB, and therefore capable, by the 
aid of symbiotic bacteria, of fixing atmospherie 

I^wilf grow in soils jioor in minond matter, 
and has been strongly recommended as a fodder 
plant, for littering, and as a green manure. Jt is 
TOtimated that a crop of 20,0011 kilos, per 
heotare may bo obtained, and that tins, in 
feeding value, is equal to 8000 kilos, of hay. 


2-4 

With horses the digestion cneflie.ei.ls oh- 

... wcie us follows ; x\sli 40, fat 22, protein 

c,ii eclliilnfe 43, Biieur 100. total noii-mtrogenous 
m,i,«er ,55. With slierp the ligiires were lower. 
Oiilv the tender young shoots are rtadll) 
e.iteii by animals, nnless tlio material bo well 
erushed; so as to soften and break the I't'cLl™- 
Kxpcnnients in 1899 and 1901 by Voclcker 
(.lour. Hoy. Agrie. See. tor tbeso years) .showed 
that with' shei'ii, .gorse. properly coiiimmutcd 
bv special machinery, could, with advantage, 
leplace a portion ot the roots used in feeding 
Not mine thiiii 9 oi 10 lbs, ol gorsii [ler head, pu 

week, however, eoiild he used. U- )• . 

GOSLARITE, Ziru:-vilriol, or WhU vilnol- 
llvilrated /.me suliihale ZiiSO,„711 <1, eryslal- 
lis'ed ill the oi'tliorhoiuliie systeiii and isomoi- 
with epsimnte. It results n'O' t'-" 
weathering of •/.iiie-blende, am usually forms 
white enei'iisting masses, nr soiiietiniea aggregatoH 
ol lino, silky fibres. Ueing lead.ly solub e m 
water it, is not of eommon oeeurrenee, but is 
111 easioimllv found in the old galleries of zmo 
Iimies. Cimsiderable ijiiaiilities were at one 
time obtiuiied from tlie Kiiniiiielsberg mine near 
1 Guslar ill the liar/ Miiuntums. Viineties are 
I feiTo-goslarite and eiipro-goslante. ^ ^ ^ 

GOSSYPITRIN r. Gi.9«'8ii’I«- . . 

GOSSYPOL. A t-o.xic priiieiple eoiitame I 
in eottim seed and present in ghuids in- all 
parts of the eiittiiii plant hut the woody 
[issues; givcB a lil.nid.red solution iii 
acid, and a blue eoloration when its alkaUno 
solution is exposed to the air. Is found m 
comniercial eold-pressed eottoii-Biyid oil to the 
extent of 1'5 p.e.. but not in fhe hot-presBed 
oil as the gosBVpol i« then oxidised and most of 
it remains in the cake (Carjuth, .1 Amer. Cliem. 
Soe. 1918, 40, f!47). 

GOULARD’^EXTRACT, LOTION, WATER, 

Solutions of basic lead acetate. 

GRAHAMITE. A variety of bitumen allieO 
to gilsonite ( 17 . 11 .). 

GRAIN LAC I'. Imc rcsnis, art. KESms. 
grain OIL 0. Fusel oil. 

grain tin V. Tin. 

grains of paradise e. GocouLUS rs- 

°^'^GRANITE. An acid igneous rock consisting 
of a granular (lienee the name) holocrystallino 
atgregate of (luartz, felspar, and mica. It 
contains about 05-75 p.c. of silica, which is. 
present partly as free silica (quart/ foimn^ 
30-Stl ii.c. of the rock), and partly m c'ombma- 
tion 111 the silicates. The felspar 3(MW p.c ) is 
generally a potash-felspar, usually orthoclase, 
but sometimes microcline; it may also, e^ie- 
cially in the ‘ soija grambes, be a soda-bea^ 
orthuolase, anorthoclase, or a plagioolase (alhite 
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to oligocla^e). The mica (5-18 p.c. of the rock) 
is usually of two kinds, a white mica, muscovite* 
and a black mica, biotito. ^ The one-mica 
granite biotite-graniic is someiiincH distinguished 
as granitite. Less frequently, hornblende or 
augite may partly or wliolly take the ])lac(“ ol 
mica, as in hornblende-granite and augite- 
granite. In other varieties, es])eeiiilly those 
altered by jjiieuinaiolytic agencies, lournialiiie 
may be preKcnt. OraniteH diffei’ widely in th(‘ir 
general ap])earanec and eliavacter, due lo 
variations in their coarseness of griun, the 
occasional pri'senee ol hirger jiorpliyriiie crystals 
embedded in a iiner-gra.ine(l groiiiidf+uiss, the 
colour C)f the felspars (dull wlnti' to ]iiijk), the 
lack or jiredoniinanci* of tlie ilark-eoloiiied 
minerals, bi<it it(‘, and liurnblende. Sp gr. 2 (1- 
2'8; weigld-]»er cubic foot, I (HI- I To 111.; ( rusli- 
ing slrcngtli. 1(100-2tHi(l, or sonu-tiriics even 
3000, tons ])cr sijuarc foot, j^egree ol porosilv 
very l(*w, 0 2-O il ]►.<•. The grain of the lock 
is siillieu'nily c.oarse for tlic indi\ idiia! minerals 
to be ilistiiiguisliable by tin' unaided eye. It 
varies from Hue grained in aiilitc (a variety 
composed of only qiiait/. and felspar) to veiy 
coarse granu'd m pegmat ib; and grapliie granite 
(the latter eharaetensed by an intimate inter- 
growtli of (imirlz and lelsjiar). At fime.s 
granite displays a nioie or less ]Hoiiotm(^cd 
foliated structure (giieissose granite)' parsing 
iinporeeplibly into gneiss. Tins rock has tlic 
same mineral and elieniieai eomjiosition as 
granite, and to a certain extent can Ix’ einployt il 
for tlie same puiposes. 

The following analyses uri- of: i, I'oaise- 
grained, red bioLiti'-granite from IVlcrliead, 
Aberdeen (d. A. I’liilhiis. 18H0). JJ, Fme- 
grained, bluish-grey inuscoviLe-biotitc-granite 
from KubibJuw, Aberdeen (W. Maekio, iOOl). 
Ill, Biotile-granite with largo porphyritic 
crystals of nal felspar from Simp, Westmorland 
(J. Ik tWm, 18!)1). IV, Grey muHcovitc- 
biotile-granite from (ji'ea<ly near Lu.xullian, 
Cornwall (J. A. Phillips, 1880). V, Lark red, 
medium-grained honibleude-biotite-granito from 
Mount Sorrel, Leiceslemhiic ((J. K. llaker). I 
VI, Average of umo analyses «.)f tlie grey, two- 
mica granites, of Lcnislcr, S.L. Ireland (S. 
Haughton, 1855). Fur a large collection of 
analyses of granite, v. J. Kotli, Bcitragc z. 
Petrographic d. plutonischc Uesteinc, Bei'liu, 
1873-84 ; H. S. Washington, U.S. Gcol. Survey, 
prof. Paper, 1917, No. 99. 

]. 11. 111. IV. V. VJ. 

SiO- . 73-70 09-01 08*55 09-04 07 10 72*08 
ALOa . 14*44 17*74 10*21 17*35 10 19 14*40 

FeaOs . 0*43 0*97 2*26 1*04 3*82 2*40 

FeO . 1*49 2 05 n.d. 1*97 — — 

MnO . trace — 0*45 trace — — 

CaO . 1*08 1*95 2*40 1*40 2-59 1*70 

MffO . trace 0*48 1*04 0*21 1*58 O-JO 

kTo . 4*43 3*94 4*14 4*08 5*38 4*80 

Na»0 - 4*21 2 73 4*08 3*51 2*43 3*01 

P-Os . trace — — trace — — 

HjO . 0-01 1-18 n.d. 0-72 1 02 0-91 

100*39 100*05 951-13 00-02 KKI17 99-52 
8 p.gr. . 2-09 2*01 2*09 2*72 2*00 2*03 

^ These minerals carry part of the potash, each of 
them containing about 10 p.o. KgO. The bulk of the 
potash le, however, carried l^tho fe’cipar, pure potash- 
lelapaT containing 10*0 p.c. 


Granites arc of wide distribution as rook* 
masses of considerable magnitude. They are 
extensively dovcluix'd and quarried in Cornwall 
and Levon, whore they occur as a scries of 
boHses protruding through the killus or clay- 
slaU*. The largest of these intrusions are, 
proceeding westwards, those of Lartmoor, 
Brown Willy or Bodmin Moor, St. Austell or 
Heiisbarrow, Cani Menelcz or Penryn, and the 
Laiid'H hind or ITm/aiice ibstricts. In addition 
1,(1 llie.se pnneiiml e.vposur(“s there are niimcrouH 
smalk']- imiNseH. T'lu' griinile of Leveii and 
(’eniWiiU IS usually givy and eoui-se-grained, but 
led giiniile also oeeujs, ns at Trowlesworthy 
' m l)n‘ western jiarL of Lartmoor. Although 
used Imally suieo jneliistoric times, Gornish 
gramte.s xveie nut Kysteinatically ([uarried until 
early m the eigliLeeiith century; one of the 
lij-st (piadies to be develojied was th(' l)e Lank 
ijiia.rj-v nc-ar Bodmin, which MU])p]ie(l tho 
material for tin* exterior of tlie Fddystone 
lighthou.se m i75((. Darinioor gramto was 
sent to Jjondon in 1817 for the eou.structioa 
of Waterloo Bridgi’, and m 1831 for London 
Bridge. T'hc granitcK of Scotland am of groat 
industrial importaiiCK*. Abeideim granite was 
iirsL liroiiglit to Jvondon for paving ui I7(}4, but 
tho gix'iit ih.'volojmient of the trade dates from 
about 1850. 'Phe Aberdt'cn stone, valued fur 
monumental work, is of a grey or blue tint; 
whilst that of Pelci-head is usually of a fine 
link colour, Tho Boss of Mull in Argyllshire 
uniishes a haiulsoim* pink granite, yielding 
blooks of o\eo])tional siz(‘. Granite is also 
ipiarned in Kirkcudbriglitshire, tho grey stone 
ot DaLhoallio being well-known in commerce. 
Ireland is rich in gramles. 'Phe very largo 
JiCmster nnwis. in the eouiilu'H of Lublin, WicK- 
low, Wexforii, and Carlow was quarried as 
early lui 1(180. Oliier important occurrenooH 
are in the Mourne Mountains in Co. Down, and 
in Co. Galway and ('o. Lom-gal. Other British 
occurrences are in the Scdly Islands, Jereey 
and Guernsey, Lundy Islanil, Malvern Hills, 
Mount Sorrel in Ix-icestershlre, Skiddaw, Esk- 
dale, and Shayi in the Lake Lisirict, tho Sam 
district m Not-th Wales, Foxdalo and Lhoyn 
in the Isle of Man; and in Scotland many 
other localities in addition to those mentioned 
above. 

Granite is extensively used as a building 
and {laving stone, and owing to its massive 
character and durability it is especially useful 
wlicrc massive constructive work is required, 
iw in the foundation of buildings, in docks, sea¬ 
walls, piers of biKlges, lighthouse.s, &c. Taking 
a high polish, which is retained on exposure to 
weatlicr, and being suitable for carving, it is 
much in demand for ornamental and monu¬ 
mental work. Refuse from tho quarries is 
dressed as paving setts, curb stones, or crushed 
and screened for road metal, railway ballast, 
and gr.Tiiiito ch^. Partly weathered granite 
from near the s'arface, especially when covered 
by a soil rich in humic acids, shows dull cloudy 
felspars and the darker silieatt^s have a ruaty 
appearance, and the rock itself is often quite 
crumbly. This surface weathering may some¬ 
times extend to considerable deptlis, and under 
certain conditions china-stone or china-clay 
may result. 'J'he solid fresh rock is, however, 
little affected by weathering processes whea' 
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employed as a building Htonc. The most im> 
portant cause of disintegration under these 
conditions is that due to the unequal degree of 
expansion and contniction of the diSerent 
minerals with changes of iemperaturo; coarse¬ 
grained granites being more affected by this 
agency than the liner-grained varieties. The 
handsoij^e coarsc-grainccl Rapakivi granite of 
Finland lacks durability on tliis account. 
Granite has, however, tlie defi'ct that it does 
not msist lire well. 'I’lio cracking and scaling 
of the surface is due to the presence of vast 
numbere of mieroseopie eavities, eonlaitiing 
water and liquid carbon dioxide, in the quartz. 
Stone (containing noduh's and ^jiceks of iroii- 
jiyrites should be avoided, sinee this mineral 
readily decomposes, ^iroducing free acid and 
unsightly brown stains. Of special \’aneties 
used for ornamental ]nir])oses mention may i>e 
made of lnxul!iam1(\ and orbicular or sjdiejuulal 
graIlit(^ The former, from Luxidlian m (’orn- 
wall, consists of large porphyritie crystals of 
))ink felspai' si't m u black matrix of tonnnaline 
and (juartz. A good set ot large jKilislied blocks 
and sialw of orbicular granite from several 
localities is displayed in the iMinei’al Gallery of 
the BrjtiBh MuHtnim (Natural History). Granite 
was used as an ornamental stone by the aiuieiil 
Egyptians and the Homans. 

Gianito locks are always divided iialurully 
by joints, wlueh usually run in tliree directions, 
ivmiroximately at right angles, thus enabling 
the rock to be (juarrusl m louglily culioidal 
blocks. These are sonndimes of I’onsidei’aible 
Biite, providing, for cxamjile, the obelisks up to 
100 f eet in lengtli obtained by the aiicu'iit 
Egyptians m the quarries of pink hornblende- 
biotito-granite at Assouan { = Syene) in I'jiper 
Egypt. The blocks arc split up by “ plug and 
feather ’ wedges, tlie sjilitting‘taking place more 
readily in certain directions, laH,*^'n to the 
quarrynien tui the ’rift’ or ‘grain’ of the 
stone. 'J'iiis is sometimes due to tlu' presence 
of flow struetuni in the rock witli a parallelism 
of the llakoR of niiea, but at other times it is 
apparently due to the (“llect of st resses. Wjien 
tlio surface is required t-o be diosscd smooth, 
it is ‘ iino-axed ’ by cont inual tapping, at right 
angles to the face, with a special form of axe. 
Slabs are cut> by dianioiid saws, and colunms 
up to 8 feet in diameter are turned in the hilhc' 
with diamond-set tools. The jHilitjliing of 
granite is eliccled by east-iron planes worked 
over the Biiioothcd surface, Jinst with sand and 
water, and then with emery, the final polisli 
being given with putty powder applied on thick 
felt. In this way even elaborate moulding.s are 
polished. The name granite- is sometimes 
incorrectly applied os a trade-name to stones of 
other kinds, c.g. ‘ black granite ’ to a gabbru or 
other dark-coloured igneous rock of granitic 
texture, ‘ Petit granit ’ to a black Belgian 
marble spotted with white (‘ncrinitca, kMendip 
granite ’ to a limestone, and ‘ higlcton granite ’ 
to a congloraeraU^ 

Veins of metalliferous ores frequency ocmir 

connection with granite mosses, either in 
'^e granite itscE or at its junction with the 
surrounding rocks. Tin ore, in particular, is 
fdmoat always found only in association with 
jjianito. The pegmatite veins occurring in 
■"xonnoction with granite often carry various gem¬ 


stones (tourmaline, beryl, &c.) and ^are-earth 
minerals. 

References. —G. F. Harris, Granite and our 
Granite Industries, London, 1888. J. ‘Watson, 
British and Foreign Building Stones, Cambridge, 
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London, 1910. (J. P. Mcirill, Stones for Building 
and Decoration, llrd ed., New York, 1903. 
On th(‘ granites of tlu' eastern United States, 
V . N. -Dale, liuil. U.S. Geol. Survey, 1907, 
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GRANITE BLACK c. Azu- <'OL()Vrin5 

M.VriKlts? 

GRAPE. 'I'lie berry of I ///s vhiljvm (Linn.). 
There are many \’iirietics dilTciiiig in size, shape, 
colour, and composition. 

K.omg gives as the average pereentago 
conqiosiliou— 

.NilrotH'iimiH I-'h'c Jinerl. (Ulicr cai'lio- 
: Wairr'.uli-.tiiiice-. jm'uI mii.'iu 1i.\ ilnitcs I'llm; Asti 
79 1 0-7 0-7 lo-O 1-9 2-1 OC) 

Tlie sugar (glucose) in iiarlicular is liable to 
eoiisideiabU' \anatu)ii. ranging fiom 9 to 18 or 
19 ]),c. 

This vaiiation, us well us that m the acidity 
—due to tartane acid or ai'id jKitassiiun tar¬ 
trate—IS mlliieneed not only by the variety, 
but also b^ the (diniaie and soil; a wet winter 
and a hot, diy summer lieing gi'iierally favour¬ 
able to tin' ])rodui’tion of sweeti gia^ies, suitable 
for wme making, whilst much rain during 
tlie ripening period (lilutes tlu' juice and leads 
to tlie bursting and consequent injury of the 
berries. 

’Phe ])roporlion of skin and seeds shows con¬ 
siderable variation m ditU'i'cnt varieties, averag¬ 
ing abouti 2'2 ]).e. of the whole fruit, and of tliia 
the seeds usually constitute about one-fourth. 
The skin eontaina tanmn, and, according to 
Malveziii {(.‘om}it. nnul. 1908, 147, 384), a 
yt'llow colouring matter, winch, on oxidation 
either by exjiosurc to nir in aqueous solution, 
or by the action of an (“nzyiiie, present in red 
hut ulwcnt in white gra[)Cii, changes to a red 
Bubst.anee. 

Hostegui (Gazz. ehiiii. ilal. 1902, 32, ii. 17) 
states that the red colouring matt-er is a 
taiinm dei'ived from protoeaLcchuic acid and 
has the formula 

C„H,(011)2CUtVH3(GH)U-GeH,{0H),. 

According to Willstiitter (Sitzungsber. K. 
Akad. Wiss. Berlin, 1914, 12, 402), the autho- 
eyanin of grapes— cenin, is obtained by digesting 
grape-skins with aeetiu acid and adding ether 
to the extract. The picratc of (®nin forms long 
red prisms, the chloride, prisms with a green 
glance. GCnin is a monoglucosido of cenidin, 

The skin and seed.s of grapes, in a moist con¬ 
dition, were analysed hy Balland (Rev. intern, 
falsif, 1900, 13, 92), who found thorn to have the 
following percentage composition— 

N itrogunoua Soluble carho- Crude 
AVater subatauecs Fat liydratcs flbre Ash 
ISkm . 7C-5 1-5 0*9 18-4 2T 0*6 

Seeds . 38-7 5*5 8*6 18‘9 27-0 0*7 

Wittmann found about 0*4 p.c. pentoeazus in 
grapea. 
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The aeft, according to Kdnig, contains-~ 

Per cent, of _ o ^ « 

nah }n Ury ^ ^ ® ® o" ® 

substance WJcio 'P, ^ oTSsC 
Whole fruit S-9r> 53 0 3-7 6-9 3 8 1-2 2l-3 r.'O S O I S 
Skin .4-03 44-2 J O 2r0 iV7 IT) 17 0 3'7 3 0 O'O 

Seeds . 2-81 28 7 — 33 9 8 6 0 0 24 0 2 5 IT 0 3 

About 0‘2 p.c. of manganc'so oxido is alao 
uaually present. 

Boric acid ba»s been found in grapes (('rainp- 
ton, Amer. Chera. J. 11, 227; Bauinert, Bcr, 
2i, 3290). Salicylic acid also occurs, especially 
in the stalks (Mastbauin, Cliem. Zeit. dlK)3, 27, 
S29). 

Dried grapes constitute raisins and currants 
and are extensively ased. Their average com¬ 
position, 08 given by Kdnig. is respectively-— 


EaiKins 

CurrimtH 

Water . . . . 

24*5 

25*4 

Nitrogenous subsi-ancos 

2-4 

1*2 

Tat . . . . 

0-6 

—. 

Free acid 

1*2 

1-5 

Invert sugar 

50-3 

018 

Cane sugar 

2*0 

— 

Other carbohydrates 

1*3 

.5*9 

Crude fibre and si^etls 

7*0 

2*4 

Ash I . . . 

1-7 

1*8 

American aniilyscs give 
water and more asli iliiin th<'.^ 

considerably Joss 
e figuri^s. 

^ TI. I. 


GRAPE FRUIT (Pomelo, Shaddock). Tlie 
fruits of various sub-vari(‘lies of C!(tus dccHJiUDin 
(Muit.), indigenous in Java, only some of 
which arc edible. All contain a bitl-or jirinciple 
(noringin, qiv.), and the, non-odible varieties 
yield the oil of bit ter orange or ‘ neroli-oil’ 
(see Orange Flower Oil, Art. Oil8, Esskntiai-), 
By steam distillation the rind yields from 1 to 
5 p.o. of a clear yellow oil with an odour like 
citral, 20'’---l'47o -1’4785 ; ojiMcal activity 
in 100 mm. tube at 20"r-:'f72’5 and -f78’5; 
sp.gr. 0*845-800 at 20”. It eoutains d-limomme, 
00-92 p.c, ; citral, 3-o p.e, ; rt-]>inene, 0'5-I*5 
p.o. ; geraniol, 1-2 p.c.; linalool, 1-2 p.c. 

Grape fruit is the richest of all the citrus 
fruits jn pectin and pectose niatcrialH: the 
average of recoverable jiectin being considerably 
above 10 p.o, of the peel weight. 

GRAPE SEED OIL is obtaim^d from grape 
seeds (Vilis vinifera [Linn.j) by exjiression or 
by extraction. As yet the oil is only of local 
importance, and is expressed only for local 
consumption, although it has been estimated 
that the waste seeds from the manufacture of 
oil in Italy would yield about 18,000 litres of 
oil per annum. In Italy and in the south of 
France (and even in south G(‘rniariy) it is said 
to be used as an edible oil. The cold-expressed 
oil has a golden-yellow colour, and is fr»=-c from 
odour. It the seeds have been stored for some 
time the expressed oil is dark, and acquires a 
slightly bitter flavour. The chemistry of this 
oil is not fully known, as the data obtained by 
the several observers who examined grape seed 
oil are veir conflicting. At first it was 
credited with a very high acetyl value, ilnd 
yrdB compared in this respect with castor oil, so 
timt its use for the mantuacturo of Turkey red 
oil had been proposed. More recent examina- 
6ioB8 have shown that grape^seed oil has a 
h^^ iodine value, so that the oil would 
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seem to belong to the semi-drying or drying 
oils. The discrepancies in the recorded values 
are probably due to the oils yielded by the seeds 
of grapes of different varieties differing in their 
characteristics. For example, a genuine speoi- 
men of grape seed oil examined by Paris had 
an iodine value of 9(i, and an ncolyl value of 
14.whereas anntlior oil of undoubted* purity 
' examined by delT Acqua l>ad an iodine value of 
143, and an acetyl value of 17*8. 

; Au'lrt^ (Compb-s rend. 1921, 172, 1413)8epa- 
' rated the hydroxy fftttv acids bv fractional crys- 
! tallisationof the iithium s dts from dilute alcohol. 
The average compo.sition of the mixed fatty 
acids was: solid acids, 12T), liquid acids, 62*5, 
and viscous hydroxy acids, 25*0 p.c. The low 
mnlcc. weight (277) of the hydroxy fatty acids 
did not su})port the view that they consisted of 
r.cinoleic acid. 

The oil-cake from the expressed seeds is 
fairly ricli in protein.s and potassium phosphate. 

A sam])Ic examined l)y I’ari.s (Staz. sper. Agrar. 
Ital. 1911, 44, 059) contained 9‘i2 p.c. of 
; proteins, 4*2.5 p.o. of fat, and 3*1.5 p.o. of ash, 
whicli contained 14*33 p.c. of phosphoric 
anhydridt' and 22*33 p.c. of potassium oxide. 

J. h. 

I GRAPHIC TELLURIUM v. TBLuraiUM. 

GRAPHITE, a form of carbon crystallised 
in tlie rhnmbolu'dral system, knovoi also as 
'plumhatfo, and jiopularJy as hlark lead. It occurs 
usually as compact and crystalline masses, but ’ 
occasionally an six-sided tabular crystals which 
cleave into flexible laininre parallel to the basal 
jihiiu*. Tt is iron-black or slcol-grey in colour, 
with metallic hiKtre, and has a sp.gr. of 2*25. 
Jn consequence of its softness (H.=sl) and tho 
ease witli whicli it produces a metallic streak, 
when rubbed on paper, it is largely used in the 
: inannfacturi^ of ]7cncil», whence tho name 
I ‘graphite * given to it by Werner, from ypd<pQi 
j (f write). It wsw formerly called molybdceruiy 
I aiul confused with molybdenite (MoSg), a 
; mineral which also gives "a metallic mark on 
I paper. (On tho hiHt-r)ry of these names, and 
I of plumbago, e. J. W. Evans, Trans. Philologioal 
Soc. 1908, 133.) Grajiliite seems to have been 
! first recognised as a distinct mineral by Gesner, 

: who figured a lead pencil in 1565 (Roecoe). 
Scheele, in 1779 showed that graphite was a 
kind of mineral carbon, since it could be con¬ 
verted into carbon dioxide by the action of 
nitric acid. As tho carbon is usually associated 
with more or less iron, the older mineralogists 
described the mineral as a ‘carburet of iron,* 
but Vanuxem demonstrated that the iron is 
jm^sent as ferric oxide and not as a carbide. 
Tho -ash loft on the combustion of graphite 
usually contains, in addition to tho feme oxide, 
silica, alumina, and limo. 

Exposed on platinum foil to tfie flame of the 
blowpipi', grapliite bums, but often w.th mora 
difficulty than diamond. When heated with a 
mixture of potassium dichromate and sulpburio 
acid, it disappears. In order to obtain per¬ 
fectly pure graphite, the mineral is first ground' 
and washed to remove earthy matter, and 
treated, according to Broke’s method, with 
potassium chlorate and sulphuric acid; on 
jecting the resulting product to a red heat, pui^ 
carbon is obtained in a remarkably fine state 
division. 
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GRAPHITE. 


The following analyses arc soloct<‘d from a 
largo ninnhor hy \l(‘nc (Gompt. rend. 04, 
10 » 1 ): 


... ] 

n 

in 

IV 

('.arlirtu . . i 91*55 

81-08 

79'40 

78-48 

V5>latil('niattei’s i I’lO 

7-30 

5-10 

1-82 

Ash . . ! 7 35 

11 (12 

15-50 

lO'TO 

lOO-OO 

100-00 

100-00 

l(K)-0() 


1. Very line (.!uiT\l)erland gra])l)ite, sp.gr. 
2'I140. If. (Jrapliito from Passau, Bavaria, 
ap.gr. 2-.‘U)3. lU. (irvatalliaed granliito, from 
(!oyIon, sp.gr. 2 3r)(), I V. Grapluto from Buck¬ 
ingham, Caiiada, sp.gr. 2'28li. 

Graj>hiie wlien nsod (or jioneils is frequently 
mixed, in a powdered filato, with pure clay, and 
tlie mixture consolidated hy Jiydraulic prossuro, 
it is also sometimes mixed with Bulphur or 
with antimony suljihidc. Brockedon lirsi sug- 
ge.sted the uso of tlio hydraulic press as a 
means of obtaining from powdered grajihile a 
homogeneous and eolierent mass, whicli could 
be readily sawn into pieces of convenient size. 
'I’lic fineHt. ])cn('H h‘ad was yielded by the 
ancient mine at Borrowdale in Cumberland, 
whore it occurred in pipes, strings, and irregular 
masses, or ‘sops,’ associated with a dyke of 
(liorite and with intrusive masses of dial}as(', in 
. the ('ambro-Silurian volcanic series known as 
‘ the green slates and porphyries.’ Tlie (him* 
borland grapliite was formerly termed ‘ wad,’ a 
name sometimes applied also to native oxido of 
mangancfio. (For description of the old Borrow- 
dalo workings r. J. 0. Ward in Geol ISurvey 
^Mem. on Bake District, 187(1.) A small amount 
*of graphite, about 100 tons per annum, is 
obtained from the Craigman mine, near Cumnoek 
in Ayrshire; hero the mineral usually exhibits 
a columnar Rtnieture, and it has been pioduced 
by the baking action of dykes of igneous rock 
on seams of coal (v. Special Hoports on the 
Mineral Resources of Cereal Britain, Mem. Gcol. 
Survey, vo! v. 2nd ed. 1917). 

Excellent graphite is found in Siberia, espe¬ 
cially at the Mariinoskoi mine, in the Tunkinsk 
Mountains, Government of Irkutsk. This de¬ 
posit, discovered in 18,18, oecurs in gnois-s, asso¬ 
ciated with diorite; it liaa been largely 
worked by M. Aliberi to supply Faber's penuil 
factory. In 18U0 graphite was discovered in 
granite near the river Nizhno Tungusska, and 
workings were undertaken by M. Siderov. (For 
Russian graphite i». N. Koksharov, Materialien 
z. Mincralogie Russlands, I862p 4, 153, where 
one^os are given.) 

The best quality of graphite found in large 
quantities is that from Ceylon. The mineral 
is widely distributed through the western and 
north-western provinces of the island, and is 
obtainetl from a large number of small pits, 
there being but few mines of any size. The 
output amounts to about 30,0(X) tons per annum, 
with a value of rather over ^If a million pounds 
sterling. In lOlG the output was 33,400 tons, 
valued at £1,500,000, of which 80 p.c. was 
imported by America. (On the graphite 
debits of Ceylon v. A. K. Coomaraswamy, 
Hmeralogical Survey of Ceylon, 1903, etc.; 
Quart. J. Geol. Soc. 1900, 56, 690.) In India, 


graphito is found at several localities, chiefly 
in the Madras I'reHidcney, tlie best coming from 
'rravancore, ))ut even this is far inferior to that 
from OeyJon. •« 

In the lbule<l Stat-es, graphite is widely 
diffused, but rarely in sullieirnt quantity to bo 
worked. 'I'ln' ]»riu<“i])al locality is Ticonderoga, 

I ill Essex Gil., i\ew York, w'liere Iho Dixon 
I (Vucilile ('(I luvve w'orked a .schist containing 
! aboid) 10 |i.c. (if graphite. It ha.s also been 
, wtirked to a Iiituled extent near Raleigh, North 
j Carolina; at Stourbridge. Mass. ; at Cumber- 
j land lli4 m Rhode 1.; and at Sonora in Cali- 
; forma. 'Phe graphite ‘ ores ’ are crushed or 
I slumped, and then washed, ivli(‘rcby the flakes 
I of graphite are readily separated from the denser 
j matrix. In the Laurentian gneiss of Canada, 
graphite is of fr(H|Uont oeeurrenee, and has 
^ ocea-sionally lieen worked, as at. the Buckingham 
i Mines. Tlie mineral is usually found in veins 
I and nodular tnasHes, or timely disseminated 
j through bands of hmeston(*. It is widely dis- 
I tributed in the gneissic rocks of Madagascar, 

I and is there mined at a number of localities, 
j in 1917 t he French colony exported over 
33,090 toils, divided almo.st equally between 
Franco and England. Graphito is.aleo exten¬ 
sively mined at several jilace.s in Korea, where 
the deposits have ilioform of beds, nests, stocks, 
and veins in gneiss and metamorphosed 
: Raheoi'oid sediments. 

j In Kuropo. o.xtensive deposits of graphitic 
I schists occur in the Eastern Al]w and in the 
! mountainous region helween Bohemia and 
J Bavaria (Bohinerwald) ’Plifso are extensively 
mined in Moravia, Styna, and jiarticularly 
in the east of Boliemia, wliere the annual 
output reached .'Kl.OOO tons; hut. the material 
is of inferior qualdy, containing often 50 p.c. 
of ash. Consiuerablc amounts are also obtained 
in the north of Italy, but the well-lmown 
locality at Tassau in Bavaiia is now little 
worked. (On Alpine Oceiirrcneos of Graphite v, 
E. Wcinschenk, Abh. baver. Akad. Wiss. 1898, 
10,600,521; 1001, 21, 279.) 

Daubreo has obtained graphite artificially 
by decomposing (larbon disulphide in contact 
with metallic iron at a high temperature; 

, while II. Saiutc-Claire Devilie prepared it by 

f iassing vapour of carbon tetrachloride over 
used cost iron. Crystalline graphite is often 
formed in, blast furnace slag during iron smelt¬ 
ing, and is known to workmen aa kish; and it is 
: present in grey pig iron. Considerable quantities 
of graphito are now produced commercially, 
together with carbomndum, in the electiic 
furnace. The artificial production of graphite 
, (aa well as various properties of the natural 
mineral) is dealt with by H. Moissan (The 
Electric Furnace, London, 1004), Graphito 
also occurs in certain meteoric irons, such os 
: that of Toluca in Mexico. A cubic form of 
I graphitic carbon, discovered in a meteoric iron 
; from Youndegin, Western Australia, has bwn 
! desoribed by Fletcher under the name of 
CUfUmite (Min. Mag. 1887, 7, 121). 

consequence of its refractory character, 
graphite is largely used in the manufaoturo d 
crucibles, retorts, twers, and other objects re« 
quired to withstand high tompeTatores.. For 
crucibles, the powdered mineral is mixed with 
Stourbri^e fire-clay, and made into a paste 
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with water; the ktioaded moss m allowed to lie 
for many weeks before tl\o oruciblo is moulded ; 
the vossol when moulded is slowly dried, and 
carefully fired in a seggar. 

As a lubricating agent graphite is highly 
valued, since it fliminishes friction and tenas to 
keep the moving surfaces cool. 'J’o obtain the 
best results the jjowdoi-ed mineral Hjioiild bo 
carefully selected and si/.ed. J<\)r steam eylin- 
ders it is used dry; for heavy l>earings it is 
mixed with grease ; and for ligiit bearings with 
oil. Made into a paint witli linseed oil. it. has 
been advantageously enqiloyed as a co^t.ing for 
metal work, (Jraphile is also used (by for 
jiolishing stoves and otlier objects of cast iron, 
the thin flakes forming a lustrous coating winch 
protects the motal. Blasting powder and h(‘avy 
ordnance powders are likewise glaj'.ed witli 
graphite, for though it slightly diminishes the 
explosive force of the jiowder it proto(ds it from 
damp. Being a good conductor of electricity, 
graphite is used in elcetrotyping, as originally 
suggested by Murray ; the moulds upon whieii 
the metal is to be deposited receiving a conduol,- 
ing surface by being eoated with jiu(>iy ilivided 
graphite. 

J?'or the metliod of ra])i<lly analysing graphite 
in use at the Pittsburgh J.iaboratory of the 
U.S. Hurt'amof Mines, m'f II.S. Him?au of Mines 
Bull. 112, 1920, 43; J. Soe. (3iem. Ind. abstr. 
1020, 70 A. 

E. Donath, l)ri (Irajiliit, cine cliciriiscli- 
tecliniBciho Monographic, L(‘i]i/.ig and Wimi, 
1904; (Iraphito, its Ocourrenco and Uses, Bull, 
Imp. Inst. London, lOUfi, 4, 353 ; HK)7, 5, 70 ; 
F. (Jirkol, (iraphito, its Properties, Occurrence, 
Refining, and Uses, l)c]»t, of Mines, Ottawa, 
1007, Publ. No, 18; It. S. Spence, Clr.ijihite, 
Dept, of Mines, Ottawa, 1920, J^ubl. No. nil; 
A. Ifaenig, Dor Graphii, eirie B'chnische Mono- 
graphie, Wien and ].<eii)zig, 1910: (). Stutm*, 
l)ie wiohtigsten Ijagci'.stutlcii der ‘ Niidit-Erze,’ 
Berlin. 1011. J.. J. S. 

GRAPHITIC ACID and GRAPHITIC OXIDE. 
Prepared by Balbiario from natural and Aeheson 
graphite varied in composition lietweeii 
and and on being licated in 

yield carbon monoxide and dioxide, togctlier 
with methane and water, 'riuy are regarded 
as absorption compounds of graphite, water, 
and carbon monoxim; and dioxide, and not true 
chemical compounds as assumed by Brodio 
(c/, Kontscliiitter and llacnni, Zcitsch. anorg. 
Chem. 1019, 105, 121). 

GRASSES. The term ‘ grass ’ is used by Uio 
agrioulturist to denote, not only plants which 
belong to the graminccB, but also other pasture 
or meadow plants, or even certain weeds 
common on emtivated land. 

The true grasses arc characterised by a 
somewhat lowoontont of nitrogenous substanoos, 
and by the richness of the asn in silica and its 
poverty in lime and magnesia, whilst clovers 
and otner leguminous crops possess the exactly 
opposite features. H. I. 

GRSASES. The term ‘ grease ’ was applied 
originally to all kinds of fats having a buttery 
consistence. At present, however, the term 
* grease’ is restricted to low-class material, 
omeily obtained from waste products, such as 
kitol^ grease, ship’s greasei tripe tallow, 
idaughter^ouse grease (‘ tanitage^ grease), 
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bone grease, skin grease, greases from carcase¬ 
rondoring establishments, and garbi^o fats. All 
those greases must bo looked upon as varieties 
and (or) mixtures of lard, tallow, bone fat, 
horso fat, fish stearines, &o. 

(Inuusos aro cliaractcrisod by a dark colour, 
by a liigh percentage of free fatty acids, and a 
corrcHjiondmgly liigh proportion of uiisaponiliablo 
niattiT. I'licy have also an objcclionablo odour. 

Black grease is tiic dark, almost black, fatty 
matt('r whicii is nM-ovtuvil from cotton seed 
mucilage, on dci'onijiosing the latter with 
mineral acids (arc (lo rroN Skkd Oil). This black 
grease is us<‘d m the manufaeturc of low-class 
candle mateiials, after a puiifieatioti by distilla¬ 
tion with superheated steam, amf further 
treatment of tlio distillate in th(‘ same manner as 
in working U]) the fatty acids in the candle 
industry {*^(1 SAiMNincA'i ion). .f. L. 

GREEN ALIZARIN e. Maddkti. 

GREEN CINNABAR. A mixture of chrome 
yi’llow and Bnissian blue. 

GREEN EBONY. Green ebony is a yiillow 
dyewood formerly omployiul to some extent in 
tins eouiitry, but is now aimost entirely replaec^d 
by other colouring matters. Jl j.s a native of 
Jamaica or West India, and is obtained from 
tlie Escuvarui (jhintMoxti (Siv.) or Jncani'iida 
omlifolm (R. Br.). 'I’lii' trunk of the treo is 
about 11 inches in diameter; ifie wood in very 
liard, and of an orange-brown otJour when 
fr(‘«hly (‘ut, and stains the hands yellow. Refer¬ 
ences to this dyestuff are meagre, and it does 
not ai)]>ear to hav(^ been ('ver largely employed. 
Bancroft (I'hilosopliy of IVnnanent (loloufs, 
1813, 11. lOO) states that gri*cu ebony contaihs a 
species of colouring matter very similar to that 
of tlK' C/dorop/iom luivfana (Gaudich) (Old 
fust ic), and is sometitiu's employed in its stead ; 
and O’Neill (Dictionary of Calico Printing and 
Dyeing, ISfif) mentions tliat it is used in dyeing 
greens and other compound shades. Unto! 
recently it had a limited sale in Yorkshire as a 
dye for leather, but appears to liavo entirely 
passed out of use as a woollen dyesLulT. It is 
now little used in silk dyeing, but was formerly 
employed for greemng blacks. • 

Grcoii ebony contains two crystalline colour¬ 
ing matters, which are distinguished by the 
fact that whereas one, exoo’carin, is not pre¬ 
cipitated by load acetate solution, the second, 
jacarambn, is completely doposited by this 
reagent (Perkin and Briggs, Onem. Soc. 3’rans. 
1902, HI, 210). 

Excwcarin CjaHiaGs, crystallises in lemon- 
yellow needles, sparingly sofublo in cold alcohol, 
and melting with cffcrvcsconco at 2l9‘’-221®. 
It is soluble in* aqueous and alcoholic alkaline 
solutions with a violet-red coloration, and these 
liquids, on exposure to air, arc rapidly oxidised, 
and assume a brown tint. , 

Exccecarin does not dye mordanted fabrics, 
but is rf- Bulwtaq^tive dyestuff in that it has a 
weak but decided atfinity for the animal fibres 
with which it gives, preferably in the presence 
of tartaric or oxalic acid, yellow shades. Benzoyl- 
fxcacarin Ci 8 H 906 ( 07 H 50 ) 3 , consists of colourleBS 
needles, m.p. 168”-171®, and exccecarii^imethyl 
ether, 0,aHjo05(CH8)2, of yellow needles, m.p. 
U7®-U9“. On fusion with alkali excoecara 
gives hydroquinonecat^oxylic acid 

(GOjH:OH:6h=:1 :2:5) 
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and a Rubstanoo melting at 124'^, which is 
probably hydroiduquinove. 

'{rn, :Oir:OU = l :2:r)) 

By the action of bromine upon n solution of 
oxcd'carin in alcoholic potassium acetate 
exccecaronc <' i a f f 11>^ ^r.’hat coppcr-colourcd needles 
or leaflets, irKiJtitiK at about 250“, is produced, 
and this liy tlie action of sulphurous acid is 
reconverted into exccccarin. With alcoholic 
qiiirione solution ex(;o'(!arin ^ivos the compound 
(!5ll4()2’(ba^^, 2O5,minut e "reen-e(*loured leaflets, 
melting wiCli d(H;omj)OHition at 100“, and from 
this HuJphurouH acid also ri'gencratcH exc^a'carin. 
From these results it. appears evident tliat 
exco'cann eontairis tree liyciroquinonc hydroxyls. 

Juaimudin yellow jilates or 

loaflets, in.p. 24.’V^-24r)“, dissolves sparingly in 
alcoliol and the usual solvents to form pale 
yellow licpiids having a green fluorescence. 
With caustic alkali solutions it gives orange-red 
liquids ; w'itli alcoholic h'ad ac^etate a bright 
orange-coloured precipitate ; and with alcoholii' 
feiTK’ chloride a dark greenish-black solution. 
It dyes mordanteil woollen fabrics the following 
slmdi's : 

aiimniKm A/u»iini>un Tut him 

Dill! vollovi- Orangc-liiown Bright Kolilen Di*ei) 

hrowii • yellow olive 

Aceitjljacaramihi (J, , u 05 (C 2 lf.i()) 2 » pale- 

yellow nc'odlc'N, molts at. 1{)2°-1(14“, and wlien 
digested vvi1.li boiling alcoholic potassium acetate 
gives tlie salt yellow 

necdli's, l}i'nr.oi/lj(V‘arandi/i ^'l4^1U^b>(^ ', 
fcj^niK yellow prisinatie needles, m p. l()7”-lt)l)“. 

Ah indicated by Bancroft, (/.c.) tlie colours 
given by green ebony are similar in character 
to those yielded by old fustic. Employing 
movdantod woollen cloth the following Rli'ades 
aro produced: 

CAromium Aluminium Tin Copiirr Iron 

Dull yellow- Dull brown- (lohlen I'ule Olive 

brown yellow yi'llow brown green 

With 40 p.c. of the dyowood the iron mordant 
gives greener and brighter shades than with 
larger amounts, in which ease a browner colour 
is produced. Possibly from this green shade, 
aWd the (“xtromely hard and compact nature of 
the wood, the name ‘ green ebony ’ Las originated. 

A. (;. P. 

GREEN, EMERALD, r . Okbomtum. 

GREEN, GUIGNETT'S, v . Chbomtum. 

U'i^EEN, SMALT, Cd>alt green, v . PiOMii:NT.g. 

grel"*^ ultramarine. Chromium sesgui- 

t ) I (Ihromium. 

GREka'^N VITRIOL, Ferrous sulphate, v. Iron. 

QREf-^NALITE. A hydrated iron silicate 
50 urring‘tl ^orm of green granules in aedi- 

lentary '.‘’ocks, and closely resembling glauconite 
f.v.), froidP ^hich it differs in containing no 
otassium. i, The composition varies somewiat; 
no analysis glVCPB tin* formula 

Fe,"(F(n''-Mg)3{Si04)3-3H30 , 
t occurs abundantly on the Sicsabi Range in 
he Lake Superior Jdistriot of Minnesota, and 
ly its alteration hafs given rise to ferruginous 
herts and immense?- deposits of iron ore (C. K. 
icith, MonogratiVli U.S. (leol. Survey, 1903, 
:liii.). . L. J. S. 

GRKKN-F^ARTH. (Ger. Orilnerde). A term 
wely appl led to a variety of eaithy minerals 
if a bluishj-gwen, or dart olive-green colour 

1 


occurring as alteration products in basic igneoua 
rooks, tt includes more particularly the speciea 
celadoviie (or soladonite), and various indefinite 
members of the chlorite group, e.g. delessite, 
chlorophautc, kirwanite, viridite, &c. Many of 
these are of indefinite composition and probably 
mixtures. They are often met with as a green 
lining in the amygdaloidal cavities of altered 
basaltic rocks, and form the ‘ skin ’ of agates 
and other secondary minerals filling these 
cavities. Crystals of augite in the same rocks 
are sometimes coinjih-tely altered to a soft 
aggrx'gate of green-earth still preserving the 
sharp outline.s of the original crystals. Similar 
pseiidomor])ha after hornblende also occur. 
Larger irregular masses fill cavities and fissures 
in these rocks. The well-known green-earth of 
Monto Baldo near Verona is referable to cela- 
douitc. An analysis of material from this 
locality gave : 8102,54-84; TiO^, O'lO; AljOg, 
1-22; FeoO^, 19-I(j; FeO, 4%39; MnO, 0*28; 
OaO, 0-24“; MgO, 5 34: K„0, 9-75; NajO, 
0-82; ir.O, ;{-77=:99-9 (('. VV. Gumbel, 1890). 
Tills eonipo.sition is very similar to that of 
glauconite, with wliich ccladunite is perhajw 
idoniiortl. difr(“ring only in Its state of aggregation 
an<l mode of origin and occurrence. This 
celadoniti* green-oarih is worked commercially 
as a piLnnent on both sides of the Tyrolcse- 
Jtahan border; and similar material could be 
obtained from many other localities. 

L. J. 8, 

GREENLAND SPAR v. (iiivuiirr:. 

GREENOCKITE. Cadmium siUpliidu Cd8, 
crystallised in the hexagonal system with 
hemiiiiorphic development and isomorphous 
with wurtzito (ZnS). 'I’his and the still rarer 
cadmium oxide, and otavito (basic carbonate), 
are the only minerals that contain cadmium 
as an essential constituent. Distinct, though 
small, crystals arc found only in Scotland, in 
the neighbourhood of Glasgow. They occur 
very sparingly with prehnite in amygdaloidal 
basalt m the Biahopton railway-tunnef and the 
Boylosion quarry at Barrhead in Renfrewshire, 
and in the Bowling quarry in Dumbartonshire. 
They are honey- to orange-yellow, transparent 
to translucent, and have a resinous to adaman¬ 
tine lustre; the streak is orange- to reddish- 
yellow. 8p.gr. 4-8-4-9; H. 3-3^. Traces of 
cadmium are often present in zino-blende (up 
to 1-5 p.c.. and in the ores of the Joplin district 
in Missouri averaging 0-358 p.e.), and with the 
weathering of this mineral cadmium sulphide 
remains as a thin, powdery, canary-yoUow 
coating (‘ cadmium-ochre ’), or it may impart a 
tinge of colour to the secondary zinc minerals 
hemiraorjihite and smithsonitc {* turkey-fat ore ’). 
In this form the mineral is known teom many 
localities, though never in large amount. Being 
colloidal, it does not agree with the definition 
of greenockite as given above; and, again, the 
possible existence of a cubic form of cadmium 
sulphide is suggested by the isomorphoua 
presence of tms constituent in zinc-btende, 
althoi^h this modification has not been prepu'ed 
arrificially The new name xanthochroite (A. P. 
Rogers, 1917) has therefore been suggestM for 
this colloidal form of cadmium sulphjcm. Hemi* 
morphic hexagonal crystals of cadmium sulphide 
have been prepared artificially, and they ate 
not uncommon as furnace produoto. The 
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artificial crystals have sp.gr. 1*820 and the high 
refractive indices 2*629, 2*506. 

L. J. S. 

GREENSAND v . Glattcouitb. 

GREENSTONE v . Diabase and Jaue. 

GRENAT BROWN v. MO-PUBPTJEIC ACID. 

GREY ANTIMONY ORE, Antimony sulphide, 
V. Antimony. 

GREY OIL. A mixture of lanoline vaaclino, 
and metallic mercury. Used in the treatment 
of syphilis, 

ORIFA. Trade name for lithium acetyl- 
salicylate. 

dRIGNARD REAGENT, Grignard, in 1901, 
showed that magnesium reacts witli alkyl and 
aryl halides in proaenco of ether at ordinary 
tonmeratures forming compounds of the type 
R.Mg.X (where R is an aryl or alkyl radicle and 
X a halogen radicle) which are synthetic 
reagents of great value and capable of extensive 
application. 

For a discussion of the probable constitution 
of these magnesium compounds, see Mi'isonheimer 
and Casper, Bee. 19:21, 54 [n], 10()5. (’hem. !Soc. 
Abstr. 1921, i., ()o4. 

GRINDELIA. (B.P.) The dried leaves and 
flowering tops of (Irindelia camporwm (Grocnc). 

GRISERIN. Trade name for the sodium salt 
of iodo-hydroxy-quinolinc-sulphonic acid. Used 
in treatment of tuberculosis. 

GRI-SHI-BU-ICHI. Japanese name for an 
alloy of copper and silver ot a rich grey colour. 

GRISOUTINE. An oxplosiTe consisting of 
a mixture of nitroglycerin, nitrocellulose, 
ammonium nitrate, and kicsolguhr. 

GROSSULARITE V. (lAKNKT. 

GROTAN. A chlorinated crcsol used as a 
baotoricidc. 

grOnlingite V . TeTRADYMI'I’E. 
GUACAMPHOL, CUAIACETIN, GUAIA 
FORM, GUAIAKINOL, GUAIAMAR, GUAIASA- 
NOL, GUATANNIN i\ Synthetic: diujgs. 

GUAICHINOL. Trade name for (juininc 
dibromoguaicolato. 

GUAIACENE v. (»miacaui, art. Resins. 

OUAIACIC ACID Guaiacatn, art. Resins. 

GUAIACOL {Mononiclhoxycatcchol) 
OH-CbHj'OMo 

is a constituent of guaiaciiin rosin {Herzig and 
Schiff, Monatsh. 1898, 19, 95), and occurs in 
beechwood tar, from which it can be separated 
by treating the fraction of the tar that comes 
over at 200‘’-205° with ammonia to remove 
acids ; it is then again fractionated, and the 
lower boiling fraction is dissolved in ether and 
treated with potassium hydroxide. Thepotas- 
sium salt of guaiacol is filtered, washcil with 
ether, and recrystallised from alcohol, after 
which it 'is decomposed with sulphuric acid, 
and the guaiacol redistilled. (For other 
methods of separation, cj. D. R. PP, 
87971, 66003, 100418, (.'hem. Zontr. 1899, 
i. 764.) Guaiacol is prepared from o-anisidine. 
500 grams o-anisidinc arc diazotisod, and the 
solution of the diazo salt is then poured into a 
boiling solution of 600 grains of copper sulphate 
in 600 c.o. of water. The guaiacol is ^en 
s^Miated by distillation in steam (1>. R. P. 
Iff72ll; Frdl. 1905-7, 128; cf. also D, R. P. 
95339; J. Soo. Chem. Ind. 189^, 269, 314). 

Pure guaiacol can be obtained by dissolving 


catechol (55 parts) in ethyl aloohol (20(X) parts) 
and adding nitrosomonomethyl urea. The 
mixture is cooled to 0*^ and 20 parts of sodium 
hydroxide dissolved in a sm^ quantity of 
water is added, drop by drop, with constant 
stirring. The solution is filtered, the aloohol 
distilled off, and the residue is fractionated in 
mcu6 (D. R. P. 189843 ; Frdl. 1905-7, 1151). 

Guaiacol is also prepared by heating an 
cquiinolccular mixture of catechol, potash, and 
IKjtassium methyl sulpliato in tightly closed 
vessels at 170‘^-180", or by heating catechol and 
methyl iodide in methyl alcohol. A weak base, 
such as sodium carbonate or sodium hydrogen 
carbonate, is gradually added to a mixture of 
catechol, with the alkali fir alkali eartli salts of 
iiicthylHulphufjc acid in tiio presence of voratrole 
OH diluent at 1G0'’-18U° (Zollinger and Rohling, 
I). R. P. 305281 ; Chem. Soc. Abst. 1918, i. 497). 
'riiornpHon (Fng. Pat. 5284, 1893) suggests the 
iurificatiou of guaiacol by treatment with a 
reezing mixtui’o. 

Guaiacol has a characteristic odour and 
crystallises in long vitreous transparent prisms, 
which appear rose-rod in sunlight; m.p. 28’5®, 
b.p. 202’47738 mm. (FioysH, Chem. Zeit. 1894, 
18, 565); sp.gr. 1J40 at 25”. When quite 
pure it IS non-caustic and non-poisonous (B6hal 
and Clioay, Coinpt. rend. 1893, 116, 197 ; 
Kuprianow, J. Soo. Chem. Ind. 1895, 57). 

ft is soluble in most organic solvents, and 
to a less extent in watiT. with a trace of ferric 
chloride its alcoholic solution gives a blue 
colour, which beiiomos emerald-green on the 
addition of more ferric ehiuride. Guaiacol atHo 
gives a blue colour with traces of hydrogen 
jicroxido (Denig^s, J. Pliarni. Gliim. 1901, 31). 

Guaiacol is employed in pharmacy as an 
expectorant and intestinal antiseptic; also in 
pulmonary tuberculosis in eases of typiioid and 
other foveri% and for the relief of superficial 
neuralgia. 

Kuprianow (Centralbl. {. Baktoriol. 1894, 16, 
933, 981) lias wiggostisd the use of pure guaiacol 
in the internal treatment of cholera, since ho 
found that a solution of 1 in 500 of tliis reagent 
completely prevents the development of tj^o 
cholera bacillus. 

Guaiacol should be preserved in amber- 
coloured bottles protected from the light, and 
should only be used in pharmacy when quite 
pure. 

2'ests. —(1) 2 c.c. of guaiacol mixed with 
4 c.c. of light petroleum, should sejiarate at 
once into 2 layers. (2) 1 c.c. of guaiacol should 
dissolve in 2 c.c. irf N. sodium hydi*oxide when 
heated; on cooling the mixture should congoal 
to a white sohne mass, which gives a clear 
solution with 20 c.c. of water. (3) 1 o.e. of 
guaiacol treated with 10 c.c. of N. sulphuric acid 
should give a pure yellow colour. For other 
tests, V. Marfori, J. Soc. Chem. Tnd. 1891, 487; 
Fonzos iLHacon, Bull. Soc. chim. 1898, 19, 191; 
Guerin. J. Pharfti. Chim. 1903, [vii.] 17, 173. 

Guaiacol can be estimated approximately 
by conversion into catechol, by heating witn 
water in a current of hydrobromic acid'; or 
0*5 gram of the guaiacol is dissolved in a little 
water, 10 c.c. of ^cohol added, and the solution 
made up to 1(X)0 c.c., and 20 c.o. of this solution 
are mixed in a test-tube with 1 o.o. of sodium 
nitrite solution (1:100), and i c.c. dilute nitoio 
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aoid (1: 200). A cIiar HcLciistio red-brown colour 
18 produced, which in compurod within about 
10 minutoH with the colorations given by 
suitable standard solutions (Adrian, Zeitsch. 
anal. ('hoin. 1001, 40, 024). 

(luaiaool, when treated with hydrogen 
cyanide, in tho presence of aodiuin or zinc 
cliioridc, yjeldH vanillin (Kocslcr, 1>. 11. V. 
180037; hVdl. 1005-7, 1280; (luyot and dry, 
C'ompt. lend. 1000, 140, 028; Jhdl. Soi;. chim. 
1010 fiv.j 7. 002). 

(fuaiacol 7nono,'iulphonic iiciiis can be obtained 
by treating gaaiacol wiili sulphuric acid at 
30°-00®, the ortho- and para- aculs formed 
being separated by ctonvertmg them into the 
basic Salts of the alkaline earthn, or of the 
heavy metals, thc! ortho- salts }>eing readily 
soluble in wjiler, whereas the para- .salts arc 
insoluble sjiariiigly soluble. By the action 
of Buljihuretti'd hydiogen. or some suitable acid, 
the salts aio then (converted into their rcsjjective 
acids (1). n. \\ 188500; Krdl. 1905-7, 030; 
D. 11. l\ 132(507; Frdl. l!Km-02, 1113; Kahle, 
J. pr. (liiein. 1902, [li.J 05, 95; Laniierc and 
Perrin, Bull. 8oc. chim. 1903 [lii.j 20, 1228; 
Bising, Ber. 1900, 39, 3085; Paul, M. 2773, 
4003; Uinhorn, Pr. Pat. 391001, 1908; J. Hoc. 
('hem, ind. 1008, 1170; Andre, J. I’lmrm. 
Chim. 1808, 7, 324). 

The most striking ditrerence between tho 
ortho- and tlie para- acids is tlu'ir action with 
oaloiuiu or barium chloride, with whicli the para- 
aoid yiidds a white jniicipitate, wh(‘reas tho 
torlio- remains unchanged. With nitric atud the 
p6U‘a- acid forms yulluw dinitroguaiacol (ni.p. 
122®), whilst the ortho- acid merely gives a 
dark r(.>d eoloiation. It is iinportanl that 
when the ortho- acid is used thcrapcutioully, it 
should bo free from the para- compound, as the 
latter gives rise to secondary reactions (Ellis, 
J. Soc. Ch(‘m. ind. 1900, 335). t 

Thc alkali guaiacol siihilionatcH arc oniployed 
as dings (Alpers, P.S. Pat. C92588; J. Hoc. 
Chein. ind. 1902, 304). Tagliavini has pre¬ 
pared salts of the sulphonates with autijiyretic 
and anaigesie bases (Boll. ('hiui. farm. 1909, 
4S, fi). 

Carbonyl chloride eoudcnsi-s with the alkali 
uaiaeol sulphonates in alkaline solutions, giving 
erivativos such os poiasniinti. carbo7iato(liguaiacoi 
dianlplmiatc CO[ 0 (!flH 8 (OMo)HO<)Kj 2 , and jtoIus- 
eium carbonatodiguaiacol sulpfio7iate 

CflH 4 ( 0 Mc) 0 -C 0 /^flH 3 ( 0 Me)H 03 K 

(Einhorn, J). R. P. 203754, 1909). 

Guaiacol 5‘Sidpfionic acid is obtained by 
sulphonatiiig an acetyl derivative of guaiacol 
witli or without the addition ^of dehydrating 
agents, the resulting acetyl guaiacol sulphonic 
aoid is hydrolysed, neutralised, and the resulting 
acid is wolatcd as such, or in the form of its 
salts (D. R. P. ei2389 ; J. Hoc. Chem. ind. 1909, 
1005). Tho corresponding CAirbomtc 
(MoO’(J,H3S03H)j€08 

is formed by treating guaiacol carbonate with 
sulphuric acid in tho cold until the product is 
soluble in water. It melts at 115®-!!?®, with 
evolution of carbon dioxide (1). R. P. 215050; 
J. Boo. Chem. Ind. 1909, 1223). 

Triphenyl gManidirn> gmiaccA aulphanate is 
obtained by the action of triphenyl guanidine 
sulphate on borixun guaiacol sulphonate. It 


cryetalliscfi in leaflets, in.p, 50®, and can be 
used a a local anrosthetic (Goldschmidt, Chem. 
Zeit. 1901, 25, 028). 

A number of important compounds of o- 
uaiacol sulphonic acids with alkaloids are 
escribed by Schaefer (3. Soc. Chem. Ind. 1910, 
928). They are used in medicine and arc also 
of scientific interest. The alkaloid salts are 
prepared by neutralising tho guaiacol sulphonic 
acid with tiie required alkaloid, and purifying 
thc product by filtration and recryflt^lisation, 
or thc amorphous salt is obtained by evapora¬ 
tion at low temperature or in Tho salts 

may aldb be obtained by double decomposition 
between a soluble altialoid, and a readily 
Holublii Mali of the acid in molecular proportions, 
using aleoliol, water, &c., as a solvent. Most 
of the alkaloid salts are non-crystalline or 
crystallise with dilhculty. The most important 
of thc salts descrilxjd by Sdiaefer are : 

Gatnmc. guaiacol bisulpimiatp. (guaiaquin) 
[( 'fl[l 3 (OH}{OMe).SO„llj 2 ,C 3 ,|H 24 NjjOa IS a yellow¬ 
ish crystalline powrU'r, s<)lublc in water, alcohol, 
and dilute acids, Tho solution is colouicd blue 
a drop of ferric chloride' solution. It softens 
at about 80”, and becomes liquid at 130'^. 
VodciHC-o-guaiacol sidphouatc 

t!flH3(OH)(OMe)SO;,}l,(^,]l3,N(»3 

m.]). 1()4®-1G5®, is a wi'll-ciystalliMod neutral 
salt, it js readily soluble in liot watei and in 
alcolic>l, but almost insoluble in clhm* and 
chloroform. It givi's the ciiaractiu’istic blue 
coloration of o-guuiaeol suijihonic acid with 
ft'rnc chloride, and when its aqueous solution is 
tri^alcd with an alkali, codeine is precipitated. 
Other o]uum and uinchona compounds, us well 
as compounds with strychnine, brucine, atropine, 
h 3 ’ 08 cine, hyoscyamine, and cocaine, arc de- 
sen bed. 

Guaiacol iron and lithium sulphonates have 
been prepared (Schaefer, Eng. Pat. 21747, 1899). 

(}uaiahiitol, quinine, denwtive of hroino-guaia- 
col, CaoH 24 N 202 , 2 HBr,OoH 4 (OH)(OMe), forms 
lino crystalline yellow scales, readily soluble in 
water, it is said to be practically non-toxic, 
and its aqueou.s or alcoholic solution is readily 
absorbed by tlu^ skin (Pharm. J. 1901, 66, 132 ; 
Schaefer, Eng. Pat. 8227, 1897). 

Guacajuphol, the camphoric acid eater of 
guaiacol C„Hj 4 (CO OC’eH 4 'OMe)a, obtained by 
the action of camphoric acid chloride on sodium 
derivative* of guaiacol. Forms white, odourless, 
tasteless needles, and has been recommended for 
the relief of night sweats in phthisis, 

Guaiacol benzoate (benzosol, benzoyl guaiacol) 
CflH 6 -C‘ 0 ' 0 CeH 4 ‘ 0 Me is prepared by heating an 
alcoholic solution of potassium derivative of 
guaiacol with tho requisite amount of benzoyl 
chloride, and purifying thc substance by crystw- 
lisation from alcohol. It is a colourless, <^our- 
less, tasteless powder, almost insoluble in water, 
readily soluble in organic solvents. It has m.p. 
56®, and is used in the treatment of pulmonary 
tuberculosis (Eng. Pat. 5366, 1800; J. Soo. 
Chem. Ind. 1891, 383; Walxer, Chem. ^it. 
Rep. 1891, 15, 165). 

'Guaiacol cinnamatc (styracol, cinnamyl 
guaiacol) C 8 H 7 ’CO’OCeH 4 'OMe is formed bv the 
interaction of molecular weights of guaiacol and 
cinnamyl ohlori^. It forms colourless needle- 
shaped crystals, m.p. 130°, which are employed 



in catarrhal affections ol the digestive tracts, 
and in the treatment of phthisis. 

Guaiaool oombinos with tannin and cinnamic 
acid to form a compound which is said to be of 
use in medicine. It molts above 300°, is insoluble 
in most organic solvents, and dissolves in alkalis 
and also in pyridine, from which the pyridine 
derivative crvstallises in well-shaped rhombic 
needles (D. iC. P. 13321)0 ; Prdl. Nissel. 1900-02, 
1111 ). 

Quaiacol mhniir. C 4 Hi,'CO’()(‘oH 4 ()Me, a 
yellowish oily liquid, b.p. 245°-2b5°, is used in 
medicine under the name of gcosofe (Riock, 
J. Soc. Ohem. Ind. 1897, 032). It it» 2 ircpared 
by the action of valeryl chloride on sodium 
derivative of guaiacol. 

Ouaiacoi mhcijlalc (guaiacol salol) 
CflH4{OH)c6-OCeH4-OMe 
is a white crystalline, odourless, tasteless 
powder; m.p. 05°. It is formed by the action 
of phosphorus oxychloride on u mixture of 
sodium guaiacol salicylate, and is used as an 
intcrstinal antiseptic. 

Gumaool succuuiic Ct^H 4 (CU'OCalf 4 'OMe)j is 
formed by the acUou of pliosiihorus oxycldoride 
on a mixture of guuiaeol and succinic acid in 
molecular 2 >roportK)ns. Jt forms One silken 
crystalline needles; m.p. 130°. 

OuaiamaTf the ylyciryl vtlicr of tjuuiacvl 
C6H4(0Me)0(53H-()2, is formed by the action of 
anhydrous glycerol on guaiacol. It is a white 
crystalline body, m.]). 75", soluble in water and 
in most organic solvents. It has a bitter 
aromatic taste, and is employed in modiemo as 
an antiseptic for internal and external applica¬ 
tion (J. Soc. Chem. hid. 1900, 371 ; 1902, 1340). 

Guaiaaanol (diethylglycocollguaiaeol hydi’o- 
chloride) Me 0 ,CaIl 40 ‘CL)’Cll 2 NKt 2 ,H(.'l, m.p. 
184", is non-2>oi8onou3, and said to pusicss slight 
anaisthetic, antiseptic, and deodorising proper¬ 
ties (Kinhorn, C’hem. Zoit, Rej). 1900, 24, 33; 
J. Soc. Chem. ind. 1900, 404). By the action 
of the raonoohloracetio esters of plicnols with 
secondary amines of the fatty series, many 
compounds, similar to the above, have been 
repared (Einhorn and Heinz, Arch. Pharru. 
40 18j 031; D. R. J‘. 10.5340). They are non- 
poisonous, odourless, and strongly antiseptic 
substances. 

Guaiaperol (piperidine derivative of guaiacol) 
is prepared by dissolving 85 parts of piperidine 
and 248 parts of guaiacol in benzene or light 
petroleum, and allowing the solutioh to evaiio- 
rate (Tunnicliffc, Chem. Soc. Trans. 1898, 145). 

Valuable albuminous products said to be 
applicable in medicine for tuberculous and other 
cases arc obtained by the interaction of guaiacol 
with egg or other albumin in aqueous or mcoholic 
solution (D. R. P. 10205C; Fnll. 1905-7, 931). 

Guaiacol, when treated with ethoxyacetyl 
chloride, bromide, or iodide, reacts thus : 
MeO*C,H4OlH+CiiC0CH,OEt 

->Me0-C8H4C0-0CH20Et. 
The product is a colourless, odourless oil; 
b.p. 150°/10 mm. The corresponding methoxy 
derivative boils at 170°—171"/io mm., and has 
very similar properties to the ethoxy deriviffcive. 
Both aubetancoB are non-poisonous, and can be 
used therapeutically as external remedies 
(D. B. P. 171790; i*rdJ. 1905-7, 933). 

Ouaiaform (geoform) is {Produced by the 


condensation of guaiacol (2 mols.) with formalde¬ 
hyde (1 mol.). It is a tastelessi yellow, non- 
irritant, and non-toxie powder, but on keeping 
it acquires thp vanilla navour. It is insoluble 
in water, but readily soluble in ether, benzene, 
or alcohol (Ehlcrt, Pharm. J. 1902, 68, 61). 

Guaiacol car6ono/c OMeC*H*0^^^ 
pared by' passing pho'^gene into a solution of 
guaiacol m sodium liy'droxide. The substance is 
filtered off, washed with sodium hydroxide solu¬ 
tion, and I'ccry'stallised from alcohol. It is a white 
crystalline powder, m.p. 84"-87", of neutral 
reaction, and almost odourless and tasteless, 
soluble in moat organic solvents, but insoluble 
in water. Its alcoholic solution yields no 
characicristio colour with ferric chloride. When 
taken internally its action is very similar to that 
of guaiacol, but it is less liable to derange the. 
stomach. It is employed os an expectorant in 
the treatment of tuberculosis anif bronchitis, 
and also as an intestinal antiseptic in the 
treatment of tyjihoid fever and intestinal 
indigestion (D. R. PP. 99057, 58129, 117346, of 
1{K)1; ]). H. P. 224160; Einhorn, Chem. Zentr. 
1910, li. 518). 

Guaiacol c/ilurocarhonaU is a colourleas oil; 
b.p. 1 l2®/2r> mm, it i« prepared by the inter¬ 
action of antipyriiie, carbonyl chloride, and 
guaiacol (J). R-. P. 117624 of HK)1; Einhorn, 
T>. 11. P. 224108, 1910; Chem. Zentr. 1910, ii. 
517). 

Gmiacol r/irboxylic acid Calla(OH)(OMo)COjH 
is formed by the action of carbon dioxide on 
sodium derivative of guaiacol, previously heated; 
the 2 )i'oduct is heuteu for some time, and is then 
acidified with hydrochloric acid, the free acid 
being rcerystallisi'd from water or dilute alcohol. 
It is a wliite, odourless crystalline powder; 
m.p. 148"-160It has a bitter taste, is readily 
soluble in hot water, and its atpioous solution 
is coloured blue by ferric chloride, The acid 
.and its salts have been recommended as anti- 
seiitics and antirlieumatics (Pharm. J. 1890, 977). 

Guaiacol, when oxidised with laccose, yields 
0(C4H3‘0Me)2() 

tetrafjitauico</inno7i.f. \ |, a fine crystal- 

0(C,H3*0Me)20 

line powder, m.p. 135°-140", having a jiurplish- 
red colour with a faint green metallic lustre. It 
is insoluble in water. But gives mahogany-red 
solutions with cldoroform and with acetic acid. 
It also forms coloured solutions in alkalis (Ber¬ 
trand, Compt. rend. 1903, 137, 1269). 

Dimcihylam ino c -guaiacylamyl ether, the corre¬ 
sponding piperido derivative and the piperido- 
y-guaiacyf-propyl ether are formed by the inter¬ 
action of a halogen hydrocarbon alkyl other of 
guaiacol with a secondary amine, thus : 
a:(OH,)«O B+NHMe,=Mo,N(CH,)„OR; or 

a:(CH2)„0-RfNHC6H,o^C,H,oN(OH2).0-R 
(where. ar=halogen). They are employed in 
medicinL as aniesthetics (I). R. P. 184986; 
Frdl. 1905-7, 1060). 

Hexamethylendeiramineiriguaiacol c^tallkieB 
in brilliant needles, which become soft at 80®, 
and melt to a turbid liquid at about 96®. When 
distilled in steam it yields guaiacol (Eng. Pat. 
24072, 1908; J. Soc. Chem. Ind. 1909, 4$). 

Chhroacdyl guaiacol OMeC«H4O*0O*CHJ01 it 
prepare!^ by treating a mixture of guMoo! 
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monoclilorottoelic auid and j»yri<lino with phos¬ 
phorus oxychlorido. Ti foniiH white noodles, 
ra.p. 58 M/u° (Einhorn and Hentz, l.c..). 

Quaiacol rhloro/ormic eMer is a colourless oil; 
b.p. 11272.', mm. (I). R. V. 117(524 ; Frrll. 

Jicnzyl (/iiaiarol i^ a yellow, beautifully 
fluonseeJit oil ; h.j). 2()!)"’-270 V-lllO mm. (Hoseo- 
grandc, (’ii<-m. Zentr. J8IKS, i. 2()7). 

(huiiacol i)icrak' foi'iiis arai)g<‘-r(‘d neodlcR ; 
]ti,p. HO*^. Many #i}u‘r guaiacol dcnvativcs liavo 
been pn'})ar('d, houh* of which Iiavo IxH'n rccoin- 
incndcd for uho in incdiciiio (Kng. J’at. hSob, 
1894 ; Jlnlicnumn, ('hem. Sou. 'I’rauH. 1902, 421 ; 
I). R. R 1200.58; Frdl. 1900-02, 1112; D. R. I'. 
1.5711.5.5; h’rdl. ltK)2-04. (>10 ; Kna],]i and Siilcr, 
(‘hem. Zontr. 1904, i. 991 ; Mouren and Lazennoe, 
(Wipt. rend. 1900. 142, 894 ; lliNchon', Rcr. 
1900, 99, 9840; (iaitcrniariii, Annalcn, 1907, 
957,919; Fnurncau, .1. Pharin, ('Jimi. 1910, [vii.j 
1 ,0.5,97; Mancliot, Bit. 1910,49,949; AVohl 
and Berthoid, 217.5; Jlollnuj.nn, [). R. 1'. 
2.5.5924; Chcni. Zentr. 1910. ii. J10.5). 

A iminhcr of azo d(‘iivativcs of guaiacol arc 
dcHcrihcd by Bconaidi (Alii R. Accad. J>in<'(‘!. 
1907 [v.J 1(5, II. 099); some jutro and annuo 
derivativcN l>y Itevcrdin and (‘rojiiou.x, Rer. 
1903, 90, 2257; 190(>. .99, 4292 ; Raul. dnd. 
2779; Kuhlinp, M 1905, 98, 9(^07; Richlcr 
and Schwab. 1900, 99, 9999 ; RollecolT and 
Robinson, (9icm. Sue. Trans. 1918, 119, 045. 

and (/iiof/miKicul a'a/if/iafc liavo 
been i>rcparcd by Mauilincr (Blt. 190(.), 99, 
1947). 

(luaiacol foiins mono-, di-. Li'i-, and Ictra- 
halogen deri\ativeK (C'ousin, (\)mpl. rend. 1898, 
127, 759; TaSHily and Lerride, M 11K)7, 144, 
757; Rul].,So('. ehim. iOOS, [iv.19, 124 : Mameli 
(lazz. ehiiu. ital. 1907, 97. ii. 900: Rolx'rtHon, 
(■horn. Soe. Trans. 1908, 791). Tlio jodo de¬ 
rivatives arc said to be appii( ul)le to modieine 
(Mameli and I’jiina. Cliem. Zontr. HKA', ii. 2044). 

ihidioi'ol phottpluify ni.p. 75‘5'’, is a wbite 
crystalline jiowdiT, witii a iilqnant ]ion-eaustic 
iiwtc and slight odour, soliinle in most organic 
solvents, but only sparinglv in water (Bollard, 
1>. R. R. 95578; J. 8oc. ('liem. liid. 1897, 092; 
Ellis, Eng. Rat. 27527, 1890). Its medicinal 
propertic.s an; similar to those of guaiaeol. 

Another (jiiaiacol phosphili', m.p. 59°, is 
described bv Dupuis (('ompt. rend. 1910, 150, 
022 ). 

Omiarol phosphate ((-\H 40 Me)jR 04 is pre¬ 
pared by tlie interaction of phosphorus oxy¬ 
chloride and sodium derivative of guaiaeol. Jt 
forms colourless crystals ; m.p, 98°, insoluble in 
water and alcohol, but soluble in ether, chloro¬ 
form, and acetone. It is used as an intestinal 
antiseptic and in hectic fever. 

A numher of other phospliorus compounds 
of guaiaeol are dcscril>ed by Auger and Dupuis 
(Compt. rend. 1908, 146, 1151), and by Dupuis 
(«6frf. 1910, 150, 622). 

Qiiaiacol-cacodJ/lafc 

white hygroscopic, crystalline, very nnslablc 
Halt (Astruc and Murco, J. Rharm. Cbiin. 12, 559). 

OUAIACONE V. Ouaiacum, art. Resins. 

GUAIACONIC ACID v. Guaiaaim, art. Rksins. 

GDAIACUM V, Ricsins. 

GUAIAMALTIN. Trade name for a mixture 
of ^tossium sulpho-guaiacolato and mult 
oxtraet. 


GUAIAPEROL. An addition product of 
guaiaeol and piperidine 0 RHi,N(C 7 H 8 O 2 )g. 

GUAIARETIC acid CggHgiOi an optically 
active unsaturated acid, related to eugenol, 
contained in guaiaoum lesin and resins. 

GUAIATHOL. A condensation product of 
catechol and ethyl alcohol C!eH 40 CjH 6 * 0 H. 

GUAIENE 29-dimcthyl naphthalene, ob¬ 
tained by dry distillation of guaiacum resin. 
V. Ouaiaciini, ai't. Re.si.ns. 

GUAIOL r. Giiiiiaciiw, art. Resixs. * 

GUANIDINE HN : occurs in small 

quuntitii^s in etiolated vetch seedlings, 3 
kilos, of j'li'jed inaterial yielding 1 gram of the 
nitrate (Aeluilze, Rer. 1892, 25, (i.58); in beet 
juiec (l.ippinann, ihi,({. ]H9(i, 29, 2051 ; in 
Jiulrhi.s lul'iliN (Wintf'islein, Landw. Vers.-Stat. 
79, 80, 541); and in the ileveloping embryo 
I chick (Rums, Rio-Cbern. J. 1916, 10, 263)» 
(Jnanidine and melliyl guanidiiK! arc found 
111 the blood and urim- in eases of tetania para- 
tbyi'cojiriva (Burns ami Sharpe, Quart. J. Esp. 
J'liysiol. 1917, 10, 209). 

(liiani)litie was first prejiared by Streuker 
(Annalen, 1861, 118, 1.59) by oxidising guanine 
with potassium ehlorafe ami hydrochloric acid; 
and it is obtained in small quantity by oxidising 
egg Hlbuinen with jiotaHsium jiennanganatc, or 
gelatin with barium or calcium permanganate 
(Rossen, J. Plmrm. Chiiu. [iii.] 91, 92 ; KuUcher 
and Jvic’kgi'af, SitMngsber. K, Akad. "Wiss. 
Ih'rlin, 1909, 28, 024); it is formed synthetically 
(1) by heating biuret and liydrogen chloride at 
I60°-170° ( Fiiiekli, Annalen, 1802, 124, 332); (2) 
from clilorojiicTin and alcoholic ammonia at 
100" (llofmanri, Rer. 1868, 1, 145); (3) from 
ethyl orthocarbonatc and aqueous aininonia at 
150° (ITofniann, Annalen, 1800, 139, 111); (4) 
from carbonyl chloride and ammonia (Bouchardt, 
Zeitsch. Oheni. 1870, 58); (5) from ammonium 
chloride and alcoholic eyanamide at I(X)° (Erlen- 
meyor, Annalen, 1808, 146, 259); (0) from 
cyanogen iodide and alcohoUo ammonia at 100® 
(Riiimow, Rer. 1871, 4, 161); (7) by the action 
of aqua regia on dicyanudiamide, w'hcn a quan¬ 
titative yield of the nitrate is obtained (Ulpiani, 
J), R. R. 209431); reduction of tetranitro 
methane yields guanidine hydrochloride (Rak- 
shit, J. Artier. Chem. Soc, 1914, 36, 1221 ; see 
also ytahler, Ber. 1914, 47, 909). 

Guanidine is usually prepared by heating 
ammonium tliioeyanate for 20 hours at 180°- 
190°, treating tlie fused mass with water and 
allowing the guanidine thiocyanate to crystallise 
from the solution ; it is then purified by animal 
charcoal and recrystalliscd from alcohol and 
water. The thiocyanate is converted into the 
carbonate by treating the concentrated aqueous 
solution witli one equivalent of potassium car¬ 
bonate, Die .solution is evaporated and the 
residue extracted with hot alcohol in which the 
guanidine carbonate is insoluble, and this is 
afterwards i-ccrystallised from water (Delitsoh, 
J. pr. Rhein. 1871, [ii.] 9, 2 ; Volhard, ibid. 15; 
KimII, diem. Soe. 9'ranH. J913, J03, 1378; 
Sharpe. J. Ihol. ('hem. 1917,28, 399). According 
to Goldberg, Siepermann, and Flemming 
(D. R. P. 1898, 97820), a better yield of guanidine 
salts is obtained when the ammonium tbio* 
cyanatc is mixed with wood charcoal and the 
oxido or salt of a heavy metal, and the mixtute 
heated in a curreifo of ammonia 
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(1) 2NH4CNS+ZUO 

=CH5Ns,HCNS+ZnS==H«0; 1 

(2) 2NH4CNS+ZnO+PbCIa j 

=2NH3+2CH5N3,HCl+ZnS+PbS+H20; 
or guanidine tluocyanatc can be prepared by j 
heating the thiocyanate of a heavy metal under 
pressure in an atmosphere of ammonia at 1^0" 

Pb(0NS)a+2NH3-PbS+CH5N3,HCN.S. 

, Levcnc and Senior (J. Biol. Chein. 1910, 25, 
023) recommend the preparation of guanidine 
sulphate, starting with dicyanodianiidc, and 
Schmidt (Arch. Pharm. 1910,254, 620^repai‘es it 
from thio urea and from cyanamide 1). R. P. 
1909, 242,210 and 1912, 207,380); preparation 
from dicyanodiamide or its equivalents (Jid- 
liolm. Per. 1913, 40, 150 ; Caro, Zoitsch. angew. 
Chem. 1910, 23, 2405). 

According to Werner and Bell ((licm. Sue. 
Trans. 1920, 117, 1133), the host method of 
preparation consists in heating an intimate 
mixture of dicyanodiamide and (Iry ammonium 
thiocyanate to 120° for some liours, treating 
the melted mass with water, iiltering, and con¬ 
centrating tlic solution, ami recrystalliamg Un* 

i iroduct; 90 p.(r. yields arc tiius obtained, 
^or further details the original memoir must 
be consulted. 

Guanidine is a deliqucHOout crystalline solid, 
readily soluble in alcohol or water; it is volatile 
and strongly alkaline, alisorbs carbon dioxide 
from the air and forms ci'YHtullino salts. The 
thermal valu(‘ of the basic; function of guanidine 
is +32’l (’al., intermediate between that of 
barium hydroxide -\ 31'7 Cal. and sodium 
hydroxide +30 4 Oal, (MaLignon, Conii>t. rend. 
1892, 113, 1432). Guanidine is decomposed into 
ammonia and urea on lioiling with baryta water 
or dilute aulpliuric acid (Ossikowaky, Bull. Soe. 
ehiifi. 1872, [ii.] IS, ICl ; Baumann, Bur. 1873, 
0, 1370); and is eomjiletcly decomposed into 
carbon dioxide and ammonia by heating with 
concentrated acids or alkalis. Guanidine is 
decomposed, evolving twodhirds of its nitrogen, 
when mixed with sodium hypochlorite or hypo- 
bromite ^Fenton, Ghem. Soc. Trans. 1879, 14). 
The salts of guniiidino, like the free base, part 
with their nitrogen quantitatively unless the 
hydrogen of the amino group has been sub¬ 
stituted by ~COMe,~COPh or —CONHj 
{Cordier, Monatah. 1912, 33, 759; ibid. 1914, 
35, 9 ; cf. Kossel and Cameron, Zeitsch. physiol. 
Chem. 1911-12, 76, 457). 

When guanidine hydrochloride is heated at 
180®, ammonia is evolved and bigmnidc is formed, 
the reaction being similar to the formation of 
biuret from urea : 

2HN: C(NH3) 

-NHj+HN: (XNH,)NH-CrNlf,)NH 
In its physiological action, guanidine is 
highly toxic ; doses smaller than poisonous ones 
are in rabbits excreted unchanged in the urine 
(Pommerrenig, Beitr, Chem. Physiol. Path. 
1902, i. 561 ; Garino, Arch. d. I'^arm. sperim, 
22,229, from Chem. Zentr. 1916,11, 1047), The 
injection of guanidine hydrochloride into a 
rabbit is followed by symptoms whictf are 
alxnoBt identical with those of tetanus produced 
by extirpation of the parathyroid glands 
(Watanabe, J. Biol. C3iem. 1918, 33, 253; 
34, 51, 65, 73 ; 36, 531). Guanidine acts on 


from* muscles, producing spont^eous twitching 
and affecting their contractUity, and it is 
supposed that the guanidine acts by Com¬ 
bining with two different substances in the 
muscle, one of which is responsible for the 
twitching, and the other for the changes in 
contractility ({'amis, J. physiol. 1909, 39, 73 ; 
Fiihner, Arch. F. exp. Pathol, u. Pharm. 65, 
401-27; Langley, J. of Physiol. 1916, 50, 419; 
Mcigliaii, J. of Physiol. 1917^51, 51). Although 
guanidiiio doi's not apjicar to bo a normal 
oxidation product of arginine in the body 
I (PommoiTcnig, l.c.), it ih found among the 
! products of pancreatic auto-digestion (Kutschcr 
I and Otori, Zciisch, jiliy-siol. Chem. 1904, 43, 93). 

1 Small quantities of guanidine, Od per thousand, 

I arc injurious to chloropliylloiia plants, whilst 
fungi utilise it as a source of nitrogen but not 
of carbon (Kawakita, Bull. (Joll. Agr. Tokyo, 
1904, 6, 181; Kossawitz, Chem. Zentr, 1913, 
1, 1279). 

Many salts of guanidine give a ycllowisli- 
wlidc {loi'ciilciit ]>rcci[)itatc witli Nossler’s re¬ 
agent, wiucli can thus bo used a.s a tost for small 
quantities of tho salts of the base; a 0*05 p.o. 
ufjuoou.s solution of guanidine nitrate gives a 
bulky pvoiufiitatc and a O'Ol p.o. solution is 
rcndcrea turbid (Schulze, Bcr. 1892, 25, 061). 
22‘8 parts of guanidine phosphotungstate are 
soluble in 100 parts of a mixtun^ of acetone (4 
vols.) with water (3 vola.) ( Wechaler, JSeitsoh. 
physiol, ('hem. 1911, 73, 141; Drummond, 
Biochom. .1. 1018, 12, 5). Another tost for 
guanidine is the development of a deep yellow 
to orange-rod coloration with alkali hypo¬ 
chlorites (de Couinck, (lonqit. rend. 1898, 120, 
142). Certain guanidine derivatives precipitate 
colouring matter (Suida, Zcitsch. ph^iol. Chem. 
1D10,'()8, 381). Guanidine is usually estimated 
us tho picratc, the salt being collected on a Gooch 
asbestos filter, di’knl at 110® and weighed 
(Vozarik, Zoitsuli. angew. (kcm. 1902, 15, 670] j 
or it (;au bo converted into tho strougly alkaline 
(‘urbonato and titrated with stamlard acid 
(Gi'os.smaun and Scliuck, Chem. Zeit. 1900, 30, 
1205). 

Guanidine forms crystalline salts xjfith 
mineral and with organic acids; it also forma 
characteristic double salts. The hydrocHoride 
CH,N3,HC1 

forms double salts with mercuric chloride 
CH5N3.HGl,2Hg(Jl* 

(Byk, J. pr. Chem. [ii.] 20, 233); with gold 
chloride CHsNj.HCkAuC^lj, deep yellow, spar¬ 
ingly soluble neodlcs (Hofmann, Ber. 1868, 1, 
146); with plalinic ddoride {CH 6 Na,HCl)|,PtCl 4 , 
yellow noedlea, soluble in water, sparingly so in 
alcohol (Streckor, Annalcn, 1801,118,100); with 
platimc iodide (Datta and Ghosh, J. Amer. Chem. 
Soc, 1914,36,1017). The ni/rafe, CHBN3,HN0a, 
crystallises in largo plates, m.p. 2l4®, 10‘75 parte 
dissoW^, in 100 parts of water at 16'9®. The 
campoaud with silver nitrate CHjNjjAgNOj 
crystallises in needles, whilst the compounds 
with palladou.s trichloride and tribromide are 
brown or red crystals (Gutbier and FeUner, 
Zeitsch. anorg. (kem. 1916,95,169). The nUriU 
CHoN„HNOa forms glittering prisma, m.p. 
76®-78*5® (Loseen, Annalen, 1891, 265,^20). 
Tho aulphnie (CHjN 3 ) 2 ,HaS 04 crystalUses in ^ 
regular ^stem and is soluble in water (Bodew%, 
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J. 703)* it form? ft double salt with | 

aluminium nulpluiU I 

(CH,N,)2,H,S(>^.A1,{SU*)3,12H,0 ' 

orysUlliHiiig in large, well-developed licxagoual 
prisms belonging to the scalcnohcdral clasH of tlu' 
rJionibohcclral systeni, and having Hp.gr. J‘8()() 
at 13‘5‘' (FeiTalxjHclii, Proe. Camb. Phil. Soc. 
1908, 14, 471). The carhonatc 'Ho 

forms octahedral or tetragonal ])risms, sj). gr. 

1 •2:18-1-251 (Schroder, Bcr. J880, 13, 1072). 
The mcUiplioi^piuiU (dl^No.KPO;, forms a line 
eryHtalline preeipil.ate (Polil, Zf'itseli. ])liy,Kiol. 
C'liom. 1889, 13, 29()}. CJuadinium molybdo- 
arsonutc (CNollolgl As(Mo 2 U 7 )oj, yellow crystaln, 
(Koeonbeim, Wcinlx-rg, Thnsker, Zeitseh. auorg 
Chem. 1913, 84, 217). Tlie ptichromnU. 
((.iMj.N3),(!rOH.H20 

forms suiall brc^winsh-yellow, double-refi acting 
jirisinH, and yields tlic iiHual blue solution with 
ether and dilute Huljihmie aiad (liofnuuiu and 
Buchner, Ber. 1909, 12, 2773). The chlorate, 
white crystalH, deconiji. MH" (J)aita, Clioudluiiy. 

J. Amor, (dictn. Soc. I91(>, 38, 1079). 'I'lie ; 
Ihioct/analc (JHrjNa.llCNS has m.p. 118^, and | 
100 partH of water dissolve 73 parts at 0", or’ ' 
134'9 parts at ].'>'•’ (Kngel, Bull. Soc. ohim. 1885, 
44, 424). For preparation of the thioeyanaU* 
from ainnKiniuin tliiooyanate acc Krall ((hem. 
Soc. Tmns. 1913, 103, 1378). The pUiiinoUiio- 
cifahalc ((dT;,Na)a,ll»Pt(('NS)„ forms licautiful , 
red crystals that blacken at i70‘'-175‘ (Guaieschi, ! 
Cliom. Zentr. 1891, n. 020). 'Phe platinibroinide . 
CjHjjjiVloPlBidg lustrous red erystals of eoiii- 
plicated Mtructure (Gutbiera Kausch, d. jir. 
iJhem. 1913, [n], 88, 400-24). 'J'he cyaiinmli \ 
{CHoNalj.lONilO)^ foruiB sdky needles (Bam¬ 
berger, Ber. 1887, 20, 71). The (lioxalalu 
CH 5 Ng,('gHg 04 ,K 2 () IS sparingly soluble (Stree 
her, l.c,). Tiio picmiv CJl6Nj,.(:glL(N02)8UH 
is a sparingly soluble, yellow, urystiilline salt. 

1 part dissolves in 2030 jiails of water at 0*^, and 
it does not molt at 280’’’ (Eniieli, Monabsh. 1801, : 
12, 24). Aeoording to voii Gordier ((hem. 
Zentr. 1900, i. 340), guanidine pierute e.xliibits : 
stereoisomeribin. The salt, as usually pix‘iuir(‘d, , 
fortUB dark yellow phiie.s that, owing to re]>eaipd 1 
twinning, have a liook-hke stiucture. but when ' 
guanidine preparetl by deeomposmg methyl- | 
guanidine bulphate with barium hydroxide is 
used, the pierate erystalliseH in rosettes of liriglit 
yellow needli's. The two forms are identical in 
compoeition, sp.gr., leinjierature of decomposi¬ 
tion, and electric conductivity, but differ in 
colour, crystalline form and solnbility, 100 parts 
of water dissolve 0 037 part of the plates at 0^', 
O'Obl at 20®, and 0’574 at 80® T|^o solubility of 
the needles is 0 043, 0*0(10, 0‘800 at these tern- 
peraturee respectively. One form cannot be 
converted into the other by crystallisation, and 
the author suggests tliat they arc stereoiso- 
merides, the plates being the stable niodilication, 
NH|’C’NHg'C,HaO-N.j, and the nredlcs the labile 
NH 

NHg’C’NHg’C^HgOiNg. The heTizcncunlphonatc 

HN 

hfts m.p. 2(X)®, the p-folwiic-.'^tilphomh, m.p. 
206®, and the a- and ^-naphihalemmlj^iomted, 
m.p. ^57® (Remsen and Gamer, Amer. Chem. J. 
1001, 25, 173), The ^-nitroacetijUinthranilale 
has m.p. 247® (corr.) (Bogort and Klabcr, J. 


Araer. Chem. Soc. 1908, 30, 807). The aceUjU 
CHsNg'CaH^Og forms shining needles, m.p. 
229®-2:iO® (Ostrogovich, Gazz. chira. ital. 1897, 
27, i. 223). The pkrolonaie. CHbN3'Cii,H 806N4 
is soluble in alcohol (Sehenck, Zeitsch. physiol, 
(hem. 1905, 44, 427). A number of salts of 
guanidine {(juanidhumn salts) with iso- and 
hetcro-poly acids have been prepared (Gutbicr, 
.Vlchler and Ottenstein, Zeitsch. anorg. Chem. 
1914, 89, 313. 333, 343; Kosenheim and 
Garfunkel, Ber. 1911, 44, 1805; Rosenheim 
and Felix, Zeilseh. anorg. (Iiem. 1913, 79, 202 
RuHcnheim and Schwor ibid, 1914, 89, 224 
liosenhmtf. and Traube, ibid. 1915, 91, 75 
Hosi'nhcini, Zoitseh. elektro. Cliem. 1911, 17, 
094) 

Allyl Malonyl Guanidine 
IIN : ; CH,-211,0 

m.p. 205 '200®, fTystnlh.si's fioni acetic acid in 
hexagonal platcH (.John.soii and Hill, Anicr. 
Chem. J. 1911, 40, 5;{7}. 

For guanido-glyeylglycino and the introduc¬ 
tion of guanidme into the jiulypeptule molecule 
{m\ Clemeiiti, Gazz. elum. ilal. 1915, 45, 50-50, 
and 270-280). 

Guanamines. VVIkui Llio guanidine Halts of 
the lirst sevi'it of the fatty acid scries arc licated 
at 22()®-230®, watei- and ammonia arc eliminated 
and helerocyclie baiii^K eiilled ynavamirtes arc 
formed : those are xvell-eharacterised eiystalUiio 
couijioumls. Foriit,o'mnmm,in& 

melts and decomposes at a li'trh temperature ; 
UMUjiHinumint fmelts at 

205®; propioiivifimnamint'. filaekeus at 300" ; 
o^nanihogmnamtuv. iiieltH at 130° (Ncneki, Ber. 
1874, 7, 1584 ; Haaf, J. pr ( bom. 1891, [ii.] 43, 
75). 

Cyanoguanidine [dicipin hamida) 

NII:r<™.VN 

results fi'om the polymeiizution of cyanamidc ; 
it can bo prepared from calcium or sodium 
cyanamide ((hem. Zentr. 1905, 11, 1530), 
m.p. 205". it IB a neutral body. Ammonia 
converUj it into diguamde; dilute acids into 
giianyl urea. Heated with hydrazine hydro- 
cldoride in alcoholic soluticii it gives guanazole 
NH-NH 

NH : C. I m.p. 200® (Ber. 27 R.583). 

^NH-C:NH 

A mixture of eyanoguaiiidino and acotamidine 
hydroclilurido gradually heated to 230° yields 
4 : ()-diamine-2-methyl-l : 3 : 5 triazino dihydro- 
chloridc, and, similarly, cyanoguanidine and 
bcnzaraidinc yield the corresponding phenyl 
derivative, m.p. 225“; or the same triazine 
derivatives may be obtained on heating oyano- 
guanidine with aeeto nitrite in a sealed tube for 
three hours at 225®-230®, or with benzo nitrite 
for four or five hours at 190°-200® (Ostrogovich, 
Atti. R. Accad. Lincei, 1911, [v,], 20, 1, 182, and 
249. 

^Vhen eyanoguanidine is heated with an 
ethereal solution of thioacetio acid until the 
evolution of hydrogen sulphide ceases, 6'thjol- 
2-inimo-4-methyl-^ : 3: 5-triazine is formed ; 
small colourlees needles whioh decompose without 


f 




GUANIDINE. 


475 


melting (OBtrogovich, ibid. 1912, [v.], 21, 1, 
213. 

ChlorogUAQldlne CH 4 ClNg, obtained by the 
action of bleaching powder solution on guanidine 
carbonate in ice water, forms a pale yellow 
crystalline powder that decom2)0803 at 150® 
(Kamenski, W 1878, 11, 1602). 

Bromoguanldlne CHiBrNg, formed from 
equimolecular proportions of bromine and guani¬ 
dine carbonate, crystallises in yellow needles. 
By the action of 3 mola. bromine on 1 mol. 
guanidine carbonate, the compound 

CH^Ns-HBr-Brj, • 

is formed, crystallising in dark led jnisms. The 
corresponding iodine compound C’lI^Na'Hria 
ciystallisea m j)ri 8 m 8 the colour of iodine 
(Komenski, l,c.). 

Nitroguanidine NH: ('{NHalNH NOj was 
first piejiared by Jousselin rend. 1877, 

85, 548; 1879, 88 , S14, 1086) by the action of 
fuming nitrio acid and nitric oxide on guanitbne 
nitrate, and called by him nitrosoguanidinc. 
Pellizzari {Gazz. cliiin. ital. 1801, 21 , ii. Hio) 
showed that it was tiio nUro corajiound, and Ins 
results were conlirmod by 'rhiclc (Annalcn, 1892, 
270, 1), who also pn'parod it by tlic action of 
fuming nitric acid and sulphariu acid on guani¬ 
dine thiocyanate, it crystallises from water in 
colourless needles, nicltst and docomijoscs at 
230° with evolution of uminonJu ; it dissolves in 
372-375 parts of water at 10*3°, or in 11 jiarts of 
boiling water. The heat of combustion at con¬ 
stant iiressuro is +210*3 C-al. and the heat of 
formation from its eleuK'nis is +22 Gal. (Malig- 
non, Compt. rend. 1802, 114, 1432). Tlie ttilvtr 
• derivative (;H 3 N 4 ()aAg is colouTless and almost 
insoluble in waller ; the nilrate Gif 402 N 4 ’KN(Jg is 
crystalline and molts at 147°; the hydrochloridt 
CH 402 N 4 ’HC 1 crystallises in plates or prisms. 

NItrosoguanidine NH : C(kH 2 )NH‘N() is ob¬ 
tained by the partial reduction of nitroguanidino 
with zinc dust and sulphuric acid. It forms 
yellow needles, oxplod(58 violently at 160°-IC5°, 
is soluble in alkalis and rei>rccipitatod by carbon 
dioxide ; it also gives the Liebennann reaction. 
The alkali solutions give a beautiful purple 
ooloration with ferrous salts. The ailvtr salt 
CHgON 4 Ag is a colourless exjilosive precipitate ; 
the copper salt (C'H 30 N 4 ) 2 Cu is redmsb-brown, 
and tho nickel salt (CH 3 (JN 4 ) 2 Ni is vermilion- 
red {Thiele, Annalon, 1893, 273, 133). Accord¬ 
ing to Hantzsoh, Schiimann, Knglei* (Bor. 1899, 
32, 575, 1703), nitrosoguanidine is a true nitros- 
amine and its constitution is rciireseiited by the 
formula NH: C(XH 2 )NH*NO, since it has a 
neutral reaction, yields mainly nitrous acid and 
not nitrogen when decomposed by acids, and 
does not interact with phosphorus pcntachloride 
or acotyl chloride. On the other hand, Whiteley 
(Chem. Soc. Trans. 1903, 31) and Tschugoefi 
(Ber. 1906, 39, 3383) consider that tho coloured 
metallic derivatives are salts of the tautomeric 
diazo-hydrate form HN : C(NHj)N : N*OH, 
Am&oguanldine HN : 0 (NH,)NH‘Nll 2 » ia ub- 
toftxed by reducing nitroguanidine with zinc 
dust and acetic acid at 40° until a test portion 
develops no ooloration with ferrous sulphate 
and an alkali (Thiele, Annalen, 1892, 270, 23. 
The mixture is filtered, the filtrate evaporated 
till it is only feebly acid, and ^e aminoguanidine 
l^oarbonate preolpitated in the oold by adding i 


a concentrated solution of alkali bicarbonate 
(1). B. P. 59241). Alsu prepared by heating an 
alcoholic solution of hydmzinehydrochloride, 
and cyanamide in a reflux apparatus (PolUzzari 
! and Cuueo, Gazz. chim. ital, 1894, 24, i. 460; 
PelUzzari and Gaiter (Gazz. chira. ital. 1914, 
44, 11, 72). A yield of 81 p.c. of the theorotioal 
is obtained by the electrolytic reduction of the 
mtro compound, suspended in water slightly 
acidiiicd with sulphuric acid, using a tin cathode 
and a current density of 250 amperes per square 
metre and a temperature of 10° (Boehringer and 
Sohne, 1), Jl. P. 167637); cj. al.so Ponzio and 
Gastaldi (Gazz. chini. ital. 1914, 44, 1, 257). 

Aminoguanidine is crystalUms soluble in 
water or alcohol, decomposes on boiling with 
dilute acids or alkali.s, yielding first semioarba- 
zido and finally ammonia, carbon dioxide, and 
hydrazine ((Jurtiua, Ber. 1896, 29, 759). For tho 
toxicity of guanidine and its amino derivatives, 
r. Gurino (Arch. Farm. sper. 1910, 22, 229). 
Aminoguanidine forms crystalline salts witli 
mineral acids: tho hydrochloride (“HflN 4 ,HCl 
torms largo iirisms, m.p. 163“; tho hydro- 
bromide, prismatic needles, m.p. 149° (docoinp.); 
the double mil wdth platinic chloride 
(CK«N4.H(:i)2,PtCl4 

is a yellow precipitate, m.p. 145°-i46“; tho 
nilnUd CHflN 4 ,HN 03 forms largo shining plates, 
ni.i». 144°; 100 parts ol water dissolve 12*01 parts 
at 15*9°; tho sulphate (CHoN 4 ) 2 ,Ha 804 ,HaO 
ciystalliscs in needles, m.}). 207°-208°; the 
bisulphale CH,N 4,112804 orystalUses in kr^o 
plates, m.p. 161°; the picrate CH 4 N 4 , 0 sHs 07 Na 
IS precipitated as yellow ueodles from hot water. 
The copper cotwpoiuuls Cu(CH 5 N 4 )B, 2 HNOa and 
Cu(CHbN 4 ) 2 , H*S 04 are violet oiyatalUne pre¬ 
cipitates ; the bkarbonaie. CHflN 4 ,H 8 CO« (Thiele, 
Annalon, 1898, 302, 332) melts at 172“ and is 
almost insoluble in cold water. 

Acetaminoguanidine CH6N4(C2H80) forms a 
crystalline nitrate, m.p. 85°-W° and picrate; 
formyhmunoguanidinc nitrate 

HN03,HjN-C(NH)NHNH-CHO 
melts at 143°, the picrate melts at 193° ; oxalyl- 
aminoguanidine HN : ('(NHalNH’NH'GO’OPiH 
melts at 231°-232“ (Thiele and Manchot, Aima- 
len, 1898, 303, 37). 

Aminoguanidine and its alkyl and ai^l 
j derivatives contain the grouping —NH'NHg, 
j present in hydrazines, and seniicarbazide, and 
; like them readily form condensation produota 
I with aldohydos, ketones, sugars, and ketonio 
! acids; these are usually well characterised 
^ crystalline compounds, forming crystalline salts 
j with mineral and organic aci^. For the oon- 
j densatiun products with aldehyde, chloraldehyde, 

I chloral, v. Thiele and Brallo (Annalen, 1898, 

I 302, 278); with benzaldehyde, v. Thiele {ibid, 

! 1892, 270, 1), Wedekind (Bor., 1897, 30, 444); 
with diacotyl, acctylacetone, ocetonylaoetone, 
V. T’niele and Bralle (/.c.); with galactose, 
glucose, and tetose, v. Wolff (Ber. 1895, 28, 
2613) ; with glyoxylic acid, v. Thiele and 
Bralle (^.c.), Boebner and Gartner (Annalen, 
1901, 315, 1) ; with pyruvic acid, v. Wedekind 
and Bronstein 1899, 307, 297). For the 
preparation and properties of alkyl and aryl 
substituted derivatives of aminoguanidtne, «. 
Pellizzari and Cuneo (Gazz. uhim. ilaL 1S94» 

L 450), Pellizzari and Rickards (ibid, 1901, 31| 
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. 526). yodium nUrito and a Holution of 
iminoguanidine dinilrate yield a ^-nitroso 
lydrazinc derivative 

?JH,*C-(NK)-NH-Nl{-N=N-C{:NH)-NH'NH-NO 
vhich is extremely stable. The snlphate 
Cjll 7 N,(]) 2 SOi, crystallises in long colourless 
prisms. Jlofmann, Hock, Kirmroiithor (Anna- 
cn, 1911, H80, 131). 

Diaminoguanidine HN . (■{NH NH 2)2 docs 
:)ot exist in the free state; its hydrohromuJe. 
JH-NfijHBr is formed by the action of cyanogen 
bromide (1 mol.) on hydrazine (2 mois.); it 
^rystalbscs in ])lates, m.p. 167° ; the jncialf, 
JH 7 Na,OBl:r 2 (>;N 3 , melts at 191°; the hydro- 
'Jdoridc at 185°; the nifrate at 143"": tiu* 
pldiinochloridf. at ]72"’-173" ; all the salts n-ducc, 
Fehliiig solution and amrnoniaoal silver nitrate 
solution. J)ib{nzylidi'nrdianMiorfuanidin('. 

llN';C(KK-N:0HPh)2 

yellow crystals, m.p. 180° ; <l{mUnjli<l('nc.diaiitino 
{juanidux'. All : : ('H'C!nti40H)2 yiOlow 

prisms, m.p. 201°"203°; tlic hydruhroinida 
melts at 240°. DibeuzoyMiarntno/jiianidine 

m.]). •210°-2ir’ ; the hydrohromidc melts at 243''’, 
and the hydriH'hhndc. at 230°, the mtraU at 
211” 212° (L'elhzzari and (-niituni, Gazz. chirn. i 
ital. 1905, 35, i. 291); Pellizzari and Gaiter I 
(/.f.) ; Gaiter {ibid. 1915, 45, 450). I 

Triamlnoguanidine NHj N ; ClNII-Nllgla ' 


melts at 291° (Wheeler and Jamieson, J. Biol* 
Chem. 1908, 4, 111). Eleven methylated 
guanidines arc possible: three of these, con¬ 
taining the grouping NMo : C{NH,)N=have 
not been obtained; IS-a^y-Trimeikylguanidine, 
is formed whenever the conditions are in any 
I way favourable (Schcnck, Arch. Pharm. 1911, 
249, 403 ; ibid. 1912, 250, 306 ; Zeitsch. physiol, 
Cbem. 1912, 77, 328). 

For other alhjl and aryl substituted deriva¬ 
tives of guanidine, some of winch have thcra- 
])eutic properties, v. ytrakosch (Ber. 1872, 5, 
092) ; Tatarinow (.1. 1870, 401); Noah (Bcr. 
1890, 23, AiHi); jlofmann [ibid. 1869, 2, 001); 
Kischer {ibid. 1897, 30, 2414) ; Alway and Vail 
{Amer. ('hem. J. 1902, 28, 158); Ktimpf (Ber. 
1904, 37, 1081); Kddcl (1>. R. PP. 1802, 00550, 
1898, 104301); Schmidt (Arch. Pharra. 1911, 
249, 4(ir), and 473; ibid. 1912, 2;j 0, 311). 
For acyl deiivativos Triiubc (Bor. 1910, 43, 
3580) ; Picnon (Gom])t, rend. 1910, 151, 1304); 
Wheeler and Jolinson (Amer. Chem. J. 1901, 
20, 417). Formyl guanidine 

NHaC(Nll)-NIPGHU 

Inis m.]). 178" (decomp.); acetyl guanidine, 
m.p. 185°; acetyl guanidine hydrochloride, 
ni.]). 145" (Korndorfer, Arch. Pharm. 1903, 
241, 449, gives m.p. 142") : benzoyl phenyl- 
guanidine (-nU 5 ^'UNH(’( : Nir)NHl9i, m-i). 01°- 
92° /a-Tolylbenzoylguamdine 

CHiI-GflHi’NlPCX : NH)'NH-GOC«Hc 


does not exist in the free state ; its salts may be 
obtained by boating concentrated solutions of 
the salts of citlior guanidine or its amino, or its 
diamino derivative with hydrazine hydrate. 
The salts i-eadily react with aldehydes. The 
colourless needles has m.]). 210° (decoinp.); 
the hydrochloride, m.p. 231"; IribcnzyUdcnrlri- 
aminoguauidinr, small yellow needles, m.p. 
198"; triaminogiamidindhiocyanalc, ly.p. 130°; ; 
the picrate GHsNe.GflHaUrNj, m.p. 171°, Pelliz* | 
zuri and Gaiter (/.(’.), ■ 

Dlhydroxyguanidine hydrobromide i 

HN:C(NK-OH)3,Hlir 

is formed by the interaction of cyanogen bromide j 
and.hydroNylaraino in nuThyl aliaihol and ethc]- 
at —20° ; it forms colourless, Hat, hygroscopic 
needles that decompose at 9.5° (Wieland, licr. 
1905, 38, 1445). 

Methylguanldlne HN: (XNHj)NHMo has 
been isolated from extract of muscle (Gulcwitsch, 
Zeitsch. physiol, ('hem. 1906, 47, 471 ; see also 
Ewins (Bio-Chora. J. 1910, 103); W its presence 
in urine of dogs see. Koch (J. of Biol. Chem. 1913, 


i begins to soften 71°, the hydrochloride melts 
1 at 170°. 

1 Guanidine forms condensation products w'ith 
I dictirboxylic acids (Travibe, Bor. 1893, 20, 2551 ; 

iluUeman and Staplctoji, Ghem. Soc. Trans. 1900, • 
I 805; Kacss and GruszlcKiwicz, Bcr. 1902, 35, 
3000); with ^-Icetoync acids (Jaeger, Annalcn, 

I 1891, 202, 305); with (EvaiiH, J. pr. 

' ('hem. 1892, 45, 489; Wense, Ber. 1880, 19, 
701); with malonoiiilrilc (Merck, D. R. PP. 
105002, 165093); with ethyl cyanacctatc (Traulie, 

1). U.P. 1900, 115253). 

Guanidine forms ('omjx)umis with sugars 
containing 3 inols. of sugar and 1 mol. of guani- 
tline; these exhibit mutarotation and have a 
lower optical activity than the sugars from 
which they arc derived (Mon'oll and Bellars, 
(Ticm. Soc. Trans. 1907, 1010). M. A. W. 

GUANINE, 2-a7mno-^-oxypirine, 

NH—CO 

(i-NHs 

II 1 ! --OH 


15, 313)), and is prepared by boiling creatine 
W'ith mercuric or lead oxide and dilute sul¬ 
phuric acid (Dessaignes, Annaloii, 1854, 92, 
407; 1856, 97, 340). It can be synthesised 
from methylamine hydrochloride and cyana- 
mide (Erlenmeypr, Ber. 1870, 3, 896). It is 
a strongly alkaline, volatile, erystallino sub¬ 
stance, and liberates ammonia an^ niothyknuine 
on heating with potassium hydroxide. T’hc 
aurichloride. (’jHjNg.HCT.Auda melts at 198°- 
200°; the platinichloridc (02H7N3,H(3)g,Pt(!l4 
melts at 194°-195° (Schcnck, Arch. Pharm. 1900, 
247, 466). The oxalate (G 4 H 7 N 4 ) 2 ,GjH 304 , 2 Ha(.) 
is crystalline and soluble in water. The picra(c 
orystalliscB from water in two distinct modifica- 
tiona (Gulowitsch, Ic.). The picrolotinte 
C,H;Na,0i«B*O5N4 


N-(hN 

was discovered by Unger in guano in 1844 
(Annalen, 51, 395 ; 58, 18 ; 59, 58), and though 
Hoppe-Seylcr failed to find it in the excrement 
of fow'ls and geese, Haeter obtained it from the 
I exoroment of a heron {Ardea cinerea) fed on fish 
j and flesh (Med. Chem. Untorsuch. 1871, 582); 
Will and Gonip Besanez found it in the excre¬ 
ment of fl. spider, in the organ of Bojanua of the 
mussel, and in the green gland of the cray^h 
{cp. W'^cinland, Zeit. Biol. 25, 390); and Pe^e 
founG"^ 0-(K)6H gram of guanine per litre in the 
urine of a pig fed on bran, and in an unhealthy 
condition (Annalen, 1876, 183, HI). In addi¬ 
tion to ite occurronoe among the oxoretory 
products of the axJmal, guanine is fairly widel^ 
^tributed throughout the tissues; tiius it 
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is found in the liver, SmorodinzcfE (Zeitsch. 
physiol. Chem. 1912, 80,231; in muscle (Bennett, 
J. Biol. Chem. 1912, 11, 221); and it occurs, 
together with hypoxanthine, in the protamine 
from salmon roe, forming 6^ p.c. of the ripe 
organ (Piccard, Bcr. 1874, 7, 1714); it occurs 
in the pancreas, spleen, livci. and muscle 
of the ox, in quantities varying from 0*920 to 
0*746 p.c. (Braginsky, Zeitach. physiol. Chem. 
1883, 8, 39.5 ; Ko.asel, ilnd. 404 ; Schindler, ibid. 
1889, 13, 432) ; atid it is found in the skin of 
fishes (Ewald and Kruckenberg, Chem. Zentr. 

• 1883, 705; see ]i(“llcr. Intern. Z(^sch. Biol. 
3, 106 for possible connection between bio- 
luminescence and guanine). Guanine is widely 
spread throughout the vegetable kingdom, 
Schutzenbergor found it, together with other 
purine bases, in yeast extract ((\)inpt. rend. 
1874* 78; Chem. Zentr. 1877, 73^: llrurnmond 
and Funk in rice ]>olishing.s (Bio-(3iem. J. ]1)14, 
8, 698). Schulze and Bos.shard isolated it, to¬ 
gether with hy})()Xiinthiiie and xanthine, from 
young potato tubers, sugar beet, loaf buds of 
j)Iane and maple, l).ark of plane, from lupin.s, red 
clover, vetch, young grass, and oats (Zeitsch, 
physio'. Chem. 1884, 9, 420); and v. Lippmann 
obtained it from beet jnie(‘ (Iler. 1896, 29, 2645); 
molasses residues boiled with copper sulphate 
and sodium hydroxide yield about 0*01 p.c. 
guanine pentoside 

C5H,Oj.CJI,N,0'2H20 

(Andrlik, Zeitsch. Ziickennd. Bohm. 1911, 35, ] 
437). This is ul(‘ntiial w'itli the guanosim* j 
obtained from nudeic acid (liOVeno and Jatobs. ! 
Ber. 1909, 42. 2474 ; Biochem. Zeitsch. 1910, j 

• 28, 127); and with vcrn<nt (guanino-d-riboso), j 

—8*4” (Schulze and Trier. Zeitsch. jjhysiol 
Chem. 1911-1912, 70, 145; Smolenski, Chem. 
Zentr. 1912, 2, 709). According to Levenc 
and Mandol (Biochem. Zeitsch. 1908, 10, 
21 0 ; aUo Jones and Kichards, J. Biol. t‘hem. 
1915, 20, 25), guanine is one of the cleavage 
products of nucleic acid, when the hydrolysis 
is effected by acetic acid in the presence of load ; 
acetate at 150”; r/. Levenc and Jacobs (J. Biol. , 
Chem. 1912, 377); Scaliidi (Biochem. Zeitsch. ^ 
47, 215); it is found among the products of 
steam-heated soils, Lathrop (J. Amor. Chem. 
Soc. 1912, 34, 1260). 

Guanine exists in guano partly as the* 
calcium compound, imrtly in substances like 
nuclein; from these it is liberated by boiling for 
4 hours with dilute sulphuric acid, the liquid is 
cooled and filtered, and the filtrate made 
alkaline with sodium hydroxide and again 
filtered. The guanine and uric acid arc pre¬ 
cipitated in the filtrate by the addition of 
ammoniacal silver solution, the precipitate 
washed with cold and hot water, and then 
decomposed by hot dilute hydrochloric acid, the 
silver chloride filtered off, the filtrate decolorised 
with animal charcoal, and the guanine pre¬ 
cipitated by ammonia, a small quantity of urea 
in hot nitric acid is added, and the mixture set 
aside to crystallise. The guanine nitrate now 
free from uric acid is dissolved in dilute sAdium 
hydroxide and the guanine precipitated by the 
addition of ammonium chloride, last opera¬ 
tion removing the xanthine (Wulff, Zeitsch. 
phynol. Chem. 1893, 17, l68). It may be 
predpitated as the phosphotungstate— for 


the solubility of this in a mi^ure of acetone 
and water, ace Wochsler (Zeitaoh. physiol. Chem. 
1911, 73, 141). 

Fischer (Ber. 1897, 30, 669) ha.4 shown that 
j guanine is 2-ajnmo-6-oxypurine from the fact 
; that iminO'y^-uric acid 

HN: 

obtained synthetically by Traube (Ber. 1893, 
26, 2551) from guanidine and ethylmalonate, 
yield.s, on troatrnont w'ilh hydrochloric acid 
(ap.gi*. 1 19), at 120"', the same 2-owtno-O : 8* 
/NH-CO-C-NH. 

diorfjputinc i| ^CO as is 

■^N-C*NJi/ 

obtained from hromogvanint (' 5 H 4 BrONB (Fischer 
and lloesc, Annalen, 1883, 221, 342) by the 
action of hydrochloric acid at 130°. Further, 
a syntlietic guanine, identical in every way with 
the natural product, is obtained when 0-oxy- 
2 ; ’St-dicldoropurinc is lieated with aiccholio 
ammonia, and the resulting chloroguanine, 
nnhict'd by means of hydriodic acid (Fischer, 
Bcr. 1897, 30, 2226). The synthoLical produc¬ 
tion of guanine has also been effected by Traube 
(Her. IlKM), 33, 137!) from ^lA-dtamino-iii- 

hydroxy-ptfriwidiuc (! ob- 

, tained by the oondensation of guanidine and 
(ithyl cyanoacetato in the presence of sodium 
ethoxidc. 3'lu* nitroso derivative of this com¬ 
pound yield.s, on reduction witli ammonium 
sulphide, 2:4; ^driamino-iS-hydroxypyrimidinet 
which, when heated with an equivalent amount 
of sodium formate and 8-10 times its weight of 
anhydrous formic acid, is converted into guanine. 
A similar synthetic production of guanine from 
^-cyanainmo-A’aminoS-hydToxypyrimidine 

obtained by the condensation of dicyanodia- 
mido and ethyl cyanoacotate in the presence of 
sodium ethoxidc, forms the subject of certain 
patents of Merck (I>. B. pp. 1005, 168691, 
162336). 

Guanine is an amorphous powder, insoluble 
in w'ater, alcohol, or other, but soluble in 
acids or alkalis, forming salts of a di-acid base, 
or diba-sic acid respectively. It can be obtained 
in the form of small rhombic crystals when the 
freshly precipitated compound is dissolved in a 
large excess of ammonia att 30”-35”, and the 
filtered solution allowed to evaporate slowly 
(Drochsel, J. pr. Chem. 1881, 24, 44); or in 
crystals resembling those of creatinine zinc 
chloride, whsn a warm dilute alkaline solution 
(1 : 2000) is mixed with about one-third its 
volume of alcohol, acidified with acetic acid and 
allowed to cool (Horbaezewski, Zeitsch. pbysioL 
Chem. 1897, 23, 226). * 

The administration of guanine as food to 
rabbits produces neither increase in purine 
excretion nor pathological changes in 
kidney; but subcutaneous or intravenous injec¬ 
tions of guanine dissolved in oauatio soda, cause 
a great increase of purine substances, ei^edafly 
uric acid, in the urine (Sohittenhelnit Chem, 
Zentr. 1902, i. 1306; Schittenhelm and Beudix, 
Zeitsch. physiol. Chem. 1906, 43, 366; Ewald* 
Zeitsch. exp. Path. u. Ther. 2, 348), sad di¬ 
minishes the arterial blood pressure (Desg^ 
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guarannianvic a^ruf, ap])cars to rcflcmblo the I 
chlorogcnio acid obtained from coffee ((Jortor, 
Annalen, 1527; 350, 217) rather than! 

catcohin, but in not identical with either of these i 
substances (Annals Trop. M(h1. 4, 115). Q. B. 

GUATANNIN. Syn. for guaicol tanno- 
cinnamatc. 

GUAVA. O'lie fruit of S^nidima (lunjam 
(J..in;i.). Prinsen-(ieerligs ((!hein. Zei(. IS07, 21, 
710), gives the folkosing data : 
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GUERNSEY BLUE. A colouring mutter be¬ 
longing to the iNDniJM; group 

GUIASANOL. '1 'rade name for diethyl- 
glycocoll guaiacol hydro(diloride. 

GUIGNET'S GREEN v;. Ciikomutm. 

GUINEA GREEN B. Tlie sodium salt of 
tbo disulplionic acid of (licthyl-diben'/yl-di- 
aminn-triphcnyl-curbiind. Is a daik green 
powder resembling lught-groen 8 or Aidd (irecn, 
r. TairHKS'YLMKTKAN K COLOUIUNO MATTERS. 

GULAMAN DAGAT. A seaweed of the genus 
Qracilaria, found throughout the i’hilippine 
Islands; maybe u-sed as aHubstitute for gelatin 
whore only the ])hyHi(!al j)roperiies of gelatin , 
aT(' important, It is not a protein, and contains ; 
loss than 1 if.c. of nitrogen and is of little value 
as a food. Jt ros(‘mbles agar-agar, but has less 
strongly markc.<l solidifying power, does not' 
melt 80 freely, is not so liiml wdieu melted, and 
solidifies at a higher t(!m})erature; it is unsuit- ; 
able for bacteriological work owing to its low : 
crushing pressure and slight surface strength i 
(Wells, Philippine J. Hoi. 191(1, 11, 207; Analyst, 
1917, 42,391). 

GULAUCHA, GULOE, and GILO'E, Indian 

names for Tinofipora confijoliu (Miers.). This 
plant flourishes in India, tbo drug being sold 
extensively in the bazaars as a ionic and anti- 
periodic, in the form of cylindrical picccR 2-5 cm. 
long and 1-5 cm. in diameter. It is a pei'eniiial 
crefepor, climbing to the summits of the highest 
trees, its branches jmtting forth roots which, 
reaching to the ground, initiate a fresh growth. 
Roots, Htems, and leaves arc equally in demand 
as a drug. The Indian phamiacopana commends 
its use 08 a tincture, 4-8 c.c. in (lu) ; an 
extract (0*0-1 gram per diem) in tlu' form of 
pills; and as an infusion (1: 10), of which 
(JU-90 c.c. are to be taken thrice a day. The 
stems contain verlHrin, an imcrystaUisablc 
bitter substance, changed by d^ute 8ulj)huric 
acid into a glucoside, and a bitter kind of starch 
meal known as ‘ palo' (J. Soc. Chom. Tnd. fi, 49). 

GUM RESINS. This article includes the 
more important members of that group of pro- 
duets which consist essentially of a mixture of 
gum and resin. They are generaVy the exudated 
milky juice of plants tlricd by spontaneous 
evaporation. When triturated with water they 
give more or less perfect emulsions, the gum 
dissolving and the resin remaining insoluble. 
Conversely, alcohol dissolves the resin but not 
the gum. 19-^5 parts of a 60 p.c. aqueous 
chloral hydrate solution dissolve both, leaving 
imparities suoh as sand and woody fibre behind. 
From the solution alcohol precipitates the gum, 


leaving tlie resin in solution. Compare intro¬ 
duction to article Resins. 

Ammoniscum, B.P.; Qummi-resina am^ 
tnoniaenm. Ownme-risine ammoniaquey Fr.; 
Ammoniak Oummikarz, Oer. 

Persian amrnoniacum. The ammoniacum 
i)f the early Gr«!ck jihysicians came from 
Africa, and was probably that variety known as 
African ammoniamim. ’I’ho drug, which has 
however since the tenth century been an article 
of European commerce, is obtained from Persia 
and neighbouring districts, reaching our markets 
accor(liugi*,o Dyniock (l^harm. J. [hi.] 0, 321) now 
generally by way of Bombay. It is the inspis¬ 
sated juice collected from the Btems of the 
Doremu Ammoniarum (1). Don). For plates v. 
Bcntl. a.’I’rim. 131. This plant attains a height 
of 6-8 feet, and the flow of juice from its stem 
is caused by jiuncture.s made by beetles. 

The gum-resin uccur.s in commerce as brittle 
grains fu’ tears, or roundish lumps, pale yellow 
externally and waxy milky-white within. It 
softens readily when warmed. In taste it is 
bitter and acrid, and it possesses o cliaraeteristic 
oflour. 'ITiturated with water it forms an emul¬ 
sion. A very complete account of the literature 
of ammoniaeum, including the result of the 
pxaminaliori of some twenty specimens, will be 
found in the memoir of Hirschsohn (Pharra. 
Zeit. 1875, 225; Phnrm. J. [iii.] 7, fil2, 710, and 
770). The sp.gr. of ammoniaeum is 1*19-1'21, 
and 3 parts of it dissolve in 4 of alcohol. Hypo* 
chlorites, as for example a solution of bleaching' 
powder, impart to it a bright orange colour, a 
character that serves to distinguish it from the 
African variety whii’h is not affected by those 
reagents. The allied guin-rosin galbanum also 
gives no colour reaction with hypochlorites. 

Ammoniaeum consists essentially of resin, 
gum, and a small proportion of volatile oil. The 
resin constitutos 70 p.c. of good specimens of 
the drug. A sample of ammoniaeum examined 
by Luz (Arch. Ifliarm. 233, 540) contained 4*5 p.c. 
of water, 69 p.c. of resin, 22*7 p.c. of substances 
soluble in water, and 3*5 p.c. of substances, 
other than resin, insoluble in water. A con¬ 
siderable amount of salicylic acid was present, 
hut no aldehydes or terpones. Normal butyric 
and valeric acids wero also present largely in 
combination with a resin alcohol ammoresinotan- 
nol Oj.JIsoOa, a chocolate-brown, tasteless and 
odourless powder, soluble in alkalis and acids. 
The resin consists essentially of ammoresino- 
tanuol salicylate. It melts at from 35° to 50°, 
is soluble in alcohol, chloroform, glacial acetic 
acid, sulphuric acid, and alkalis, partly soluble 
in carbon disulphide, benzene, and solution of 
ammonia, and insoluble in light petroleum. 
Sommer (J. 1859, 573) was unable to obtain 
umbclliferone from the gum-resin, but resor¬ 
cinol, C 8 H 4 (OH) 2 , and protocatechuio acid, 
C 8 H 5 ( 0 H) 8 C 00 H, arc formed when it is fused 
with potash (Hlasiwctz and Barth, Annalen, 
130, 354). It yields styphnic acid, trinitro- 
resorcinol, CjH(N 02 ) 8 ( 0 H)j, when treated with 
nitric acid (Will and Bottger, Annalen, 58, 269; 
of. Sr.hwanert, tbid. 128, 123). 

Ammoniaeum gum is partly soluble and 
partly insoluble in water. The Inkiluble portion, 
which oonatitutes a fourth of the gmnm^ oon- 
stituents, appeartf^to be identical with tiie nmiks 
bassorin-like gums which occur in asafeetida and 
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galbanum. When treated with 20 p.o. hydro¬ 
chloric aci(U besides humus aubstanoes, it yields 
Isewulio acid, and, on oxidising with nitric 
acid, 31’3 p.c. of mucic acid (equivalent to 
41’76 p.c. of galactt)8e), but no saccharic acid. 
When distilled with dilute hydrochloric acid, it 
yields 9*35 p.c. furfuraldehydo (equivalent to 
16*67 p.c. of arabinoso), and when boiled with 
dilute sulphuric acid reducing sugars arc ob¬ 
tained, consisting chiefly of galactose (I'^riscli- 
muth, Chem. Zentr. 1897, ii. 1078). 

‘Hirschsohn obtained no volatile oil by dis¬ 
tillation with water, but light petroleum gave 
him 1'4—6*7 p.c. of volatile oily rcsidiie% Fliicki- 
ger and Hanbury describe the oil as unlike tliat 
of galbanura, possessing in a high degree tlic 
odour of the drug, and being free from sulphur. 

To teat ammoniaeum for galbanum roain 
5 grams is lioilcd with 15 grama of strong hydro¬ 
chloric acid for 15 minutes, 15 c.c. of water is 
then added, and the liquid filU^od througli a 
wetted, double filter; ammonia is added to the 
clear filtrate, when a blue fluorcacimee reveals the 
presence of galbanum (Dioterieli. (.Iiern. Zonl^r. 
1896, ii, 1137). For method of examination and 
table giving analytical ooristunis, .vrr, Dit'tericli, 
I.C., and Ifliarm. Ceiith. 40, 4(»7. 

Ammoniaeum is cmjiloyed in medicine in¬ 
ternally as an exjx'iitorant, and externally as a 
constituent of plast(*r8. 

African awmoninemn. Tliis, aoooniing to 
Hanbury (]>harra. J. [hi.] 3, 741), is the ammo- 
niaoum of Uioscoridos and the older writers. It 
is derived, according to Lindley (Pereira, Mat. 
Med. 1853, 1715), from the Ferula iiyigtlana 
(Linn.), a plant inhabiting the African coast of 
the Mediterranean Soa. 

African ammoniaeum, whicli is Hoarcely 
known in European markets, is described by 
Pereira as consisting of dark-colourod masses 
which internally have much the appearance 
of the Persian variety. The odour is, however, 
quite distinct. H forma an emulsion with water. 
Moss examined a sjiocimen in 1873 (Pharm. J. 
[iii.] 3, 742) which consisted of remn 07-76 p.c., 
gum 9*01 p.o., water and volatile, oil 4*29 p.c,, 
and haaaorin. and insolidde matter 18*85 p.c. It 
contained 13-47 p.c. of aith. It softened 
between the fingers more readily than Persian 
ammoniaeum. Similar results were obtained by 
Hirsobsohn. By distilling it, however, the last 
observer isolated umhelUferone 

Goldsohmiodt (Ber. 11, 850) announces that by 
fusion with potash African ammoniaeum yields 
resorcinol, together with an acid CioHjoOg. 
This acid is not produced when the Persian 
drug is similarly treated. 

Asftfostida; Afiafeiida, B.P.; Aaafaeiida, 
U.S.P.; Oummuresina Asafeetida. Asafoeiida 
"Ft. ; Asan^ 8tinJcamnt, Teufcladreck, Ger. 

Gum-resin asafoetida is the dried juice of the 
roots of two largo herbaceous plants which in¬ 
habit Tibet, Afghanistan, Turkestan, and the 
oountiy from the Sea of Aral to the Persian 
Gulf. These are Ferula Narthex (Boisrier) 
and Fervla fotiida (Regel). For drawings v. 
Boiti. a. Trim. 126-127, and Holmes (Pharm. 
J« pj 19, 21, 41, and 365). Details of the 
of^^repaiing the roots And of collecting 


tlie dried exudation are given by Fluokiger and 
Honbuiy (Fliiok. and Hanb. 310) and by Pereira 
(Mat. Med. 1853, 2, 1704). It is certain that 
asafcBtida was known to tjic Arabian writers of 
the tenth century, and there is reason to 
believe that a knowledge of the drug is far 
more ancient. 

Supplies of asafu’tida are now almost entirely 
derived by way of India from Afghanistan. It 
occurs as tears more or loss agglutinated, and 
sometimes as a honcy-like mass. It is often 
largely mixed with' earthy mailer. When 
broken the milky white surface cliaiigcs gradually 
to a pink, which passes into a brown hue 
(ciiaraeteristic). 'I’ouched with nit ric acid (sp.gr, 
1*2) it gives d green colour. With water it 
forms an emulsion. The tears arc brittle, and 
may be powdered when cold. Asafo'tida has a 
jiowcrful alliaooons odour and an acrid bitter 
alliaceous taste. 

Tfio chief constituents of asafoetida are rcstn, 
gum, and volatile oil. Tlieir proportion varies 
with the age of the drug. l'\)r results of 
early investigations v. Gin. 17, 398. The rosin 
is only jiartly solubles in ether and chloroform, 
but is (uitirely di.s.solved without alteration by 
concentrated nitric acid (r/. Johnston, Phil. 
Trans. 1840, 354). The LJ.H.P. demands that 
not less than 60 ji.c., or, if pow'dered, not leas 
lliaii aO p.c., shall dissolve in alcohol. The ash 
varies from 3-5 p.c. In pui*© ‘ tears ’ to 10 p.o. 
and higher in commorcial ‘ mass.’ For analyses 
and molhoda of assay, nee Umney and Bunker 
(Pharm, J, 1910, 31, 147), Harrison and Self 
[ilnd. 1912, 34. 205; 35, 130), Pearson (J. tnd. 
Eng. (!hein. 1910, 2, 421). The use of the lead 
number is criticised by Riiipctoe (Anier. J. 
Pharm. 1913, 199) and by Harrison and Self 
(Pharm. J. 1913, 36, 218). Hlasiwotz and 
Barth (Annalen, 138, 04) discovered in the rosin 
feruhe «cirf, the mcthylphenolic other of hydroxy- 
cinnamic or caffeic acid 

('eH3(CH:CH*COOH)(OCHj,){OH)l : 3 : 4 

An alcoholic solution of aaafmtida is precipitated 
by an alcoholic solution of lead acetate, and from 
the insoluble lead salt the forulic acid is re¬ 
generated. It consists of nocfllos mclting*at 
168^-169° (Ticmann, Ber. 9, 41G). Vanillin was 
shown to be present in asafeetida by Schmidt 
(Arch. Pharm. [3j 24, 534). 

Pure drops of Asafoetida amygdaloides 
oxamiflod by Polasek (Arch. Pharm. 236, 126), 
gave the following, more or less typical, results: 
rosin, soluble in ether, asaresinotannol ferulatCt 
61'40; resin, insoluble in other, free asaresino- 
iannol, 0*60' gum, 25*1; essential oil, 6*7; 
vanillin, 0*06^ ferulic acid, 1*28; moisture, 
2*36 p.c. On hydrolysis with potassium car¬ 
bonate, the soluble resin yields aaaresinotannol 
and ferulic acid ; with sulphuric acid, however, 
it is hydrolysed into the same tannol and umbelU- 
ferone • for the latter compound, sec under 
Galba>< l a. .Aaaresinotannol is a browniah- 
yellow amorphous substance, and has the 
com^sition C« 4 H 840 ^. 

when asafoetida resin is distilled alone, 
variously tinted oils are obtained, with ^ p.c. of 
umbelliferone (Sommer J. 1859, 673). ’ 

The gum of asafoetida consists of two portaoufl* 
the one soluble and the other insoluble in water. 
The volatile oil is described by Fliiol^er and 

2 1 
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Hanbary as of n light yollow colour with the i 
odour of asaf<i'ti(la. 'J’he taste is at first mild | 
and then irriiati?ig, hut it does not stimulate 1 
when api>lK‘il to the skin like mustard oil. i 
'rhe oil IS iK'utral, hut becomes acid by ex- 
j)(>sure to tlje air, at the same time evolving 
Hiiljiliiirotted hydiiigcn. Senunler (Ber. 180(), 
211, 18!H, 24, 78; (‘specially Arch. ^ 

Phann. I8IH, 2211, 1) lind.s that it contains two 
icrpcucji (.■‘idHifl (togetluT 0-8 p.e.) ; n .fuh^<to.7icf: 

(20 p.e.), yicdding with sodium 
a smjuiUrjwnp related to eadinenc, a 

disvlpht({( i.'.H^^^^{4r) p.e.), h.p. 8t)'’-8r/’/i)mni., 
and a disutjiluilc f'nJiodN:: (-h J).e.), h.p, 120 - 
KlO^h mm. To the latter the odour is mainly 
due ; on (h.'^tillatioM under atmosjilierie pressure 
it decomposes wilii evolution of most rejuilsive 
smelling gases. 

Asafo’tidiL is used in inedieine as a nervous 
stimulant and antisj>asmo({ic, and in the East as 
a condiment. In tlu^ United Slates it is exten¬ 
sively used in a disiuise of horsc^s culled ‘ heaves.’ 

()llier mridoN of amfirltda. The JHng 
used by the natives of Itornbay is a vanoty 
of asafietida. It is dcnvcMl From Fvnda 
alliacm (Boissier), It is more n'piil.sive, and 
contains a larger ])roj)ortion of volatile oil than 
asafietida (Fluekiger, I'harm. .1. {ni.J G, 401; 
Fliiek. a. Unnb. 811)). 

Bdellium. 

Indmn Bdellium', Fahr Mjinh; BdcB 
liiitn. This iH the hdellium o1 the Bible, and is 
now used (‘hi(‘tly as on adulterant of myrrh. It 
is tlu^iroduetof Baltamtxlendton Jl/u/L'a/(H()okei) 
and, ueeoi'dmg to Dynuatk, also of tim li. Box- 
hi/rgii (Arnott) {ef. Iliarin. J. [iii.| (I, liGl ; j 
Holmes. d>id. I.SIKS. It), ,')47). Both are indi- ! 
genoUB to India, hut grow perhaps also in 
Southern Arabia. The guin-resin breaks witli 
a flat conchoidal fracture, and though somcwliat j 
darker in colour, it resemblea myrrh in ajipear- j 
unee. it may he distinguished from myrrh by 
its not giving the violet colour reaction (c. i 
Af?/rr/(.). (For analytical constants of bdellium , 
2?. ihetoricii, Bharm. (!ontr. 40, 407.) j 

Ajricdu lidvUium. A more highly es¬ 
teemed bdellium, the inoduct of Balmmodendron 
aj)tainvv6 (Arnott), a shrub indigenous to West 
Africa, It is used in France as a constituent of 
plofiters. In fraeture and other resjiects it re- 
sorrihles myrrh, but it does not give the violet 
colour reaction (r. Myirh). African bdellium 
was analysed by I’clletior (Ann. C'liim. Phys. [ii.J 
80, 38), who found renin. .T) p.e., soluble gim 
()’2 j).c., ifisohddc. gujih 3()‘() p.e,. volatile oil and 
loss 1 '2 p.(!. Tile resin was further examined by 
Johnston (I’liil. Trans. 1840, .308). CJ. Bley 
and J)iesol (Arch. Pharm. [ii.] 43. 304). 

Euphorbium. Go}nin.e‘rv,muc d' Euphorhe, Fr,; 
Euphorhium, (Jer. This extremely acrid drug 
has been known since the time of Dioacorides, 
but is now seldiom employed m human medicine. 
It is the inspissated milky juice of Euphorbia 
remnijera (Berg), a caetus-like plant inhabiting 
Morocco and lunglibouring districts of Northern 
Africa. A drawing is given by Bentl. a. Trim. 240. 
Euphorbium consists of irregular masses of a 
waxy-yellow or brown appearance, often inclos- 
' ing spines and other fragments of the jilant. It | 
hae a alight aromatic odour and an extremely 
acrid taste, its dust causing violent and even 
dangerous irritation to the nose or throat. 


Fliickiger {Fliiek. and Kanb. 500) found a 
selected specimen to consi.st of amorphous rcjiTi, 
38 p.e.; euphorhon, 22 p.e.; mucilage, 18 p.o.; 
malates of c/ilcium, Malhim., &c., 12p.c.; mineral 
compoundn, 10 ji.e. It contains no volatile oil. 

'J’schirch and Paul (Arch. Pharm. 234, 249) 
found, in addition to amorphous substances, 
25 p.e. of malates and 40 p.e. of a crystalline 
substance, ciiphnrhon, m.p. to which 

tlu'y gave th(‘ formula (’g,,]!,but which has 
n-ecivcd tlirc'c other formula* from other investi¬ 
gators. It apjicais to l)e related to cholesterol, 

AA’heti a liltcrcd light j*otroleum extract of 
eiipliorbUm resin is lioated on a solution of 
omf (Irojj of coiKcrntralcd sulpliuiie acid in 
20 e.e. of wafer, a very stable blood-red layer is 
formed at the surfacre whci'(( the two liquids 
touch ; on shaking, the whole of th(i acid liquid 
becomes red, and this colour only slowly changes 
to hrowm. ’I’his reaction may he used for 
piirjiose of idcntilication; an extract of the 
mo.st snitahlr (amcentrntion is obtained fntm 
0*1 gram of cui>hoibium and 10 c.c. of light 
pptndmim. 

Kuphorhium is runv used mainly in veterinary 
medicine. Applied e.xtemally to the human 
suhji'ct It IK irritant and vesicating, and internally 
adininiHtered it causes violent vomiting and 
purging. It is said to ho an eflieient jiresorvative 
of iron and Htecl against corrosion (Year Book 
Idiarm. 1880, 344). 

I Pow’or and Browning (Idiarm. J. 1913, 30, 

I 5011) examined Euphorbia piliihfcrn from Fiji 
and isolated a number of ('rystallnie alcohols 
and pIkmioIn, Imt no i»hvHiologically active sub- 
Htaucc. \'on W'lesner (Monatsh. l*iH2, 33, 4CI) 
found that the latex of K. lartijlom from Chile 
eontains 3‘88 p.e. rubber and 28*3 p.e. resin. 
This low rubber and high rosin content is 
characteristic of the latex of other species, 
which always eontains alsct .some euphorbon 
Cl.lTg/). 

Galbanum. fhiumi-rcninu Galbnnvm. Gal- 
hmtnm, Fr.; M'uttrrharz, Gnlbanumharz, Ger. 
Galbanum has entered into the constitution of 
incen.se, and has been employed in medicine 
from the earliest times. Tt W’as used by the 
Israelites, and was well known to Hippocrates, 
Theophrastus, and Bioscoridea, also to the 
Arabians, but has now' disappeared from the 
British and United States pharmacopceias. 
Notwitliatanding its antiquity, the precise 
plant from which galbanum is derived still 
remains uncertain. It is most probably ob¬ 
tained from the Ferula gaWanif ua (Boissior and 
Buhse), and perhaps from other ^ied species 
j of Ferula, natives of Persia. For figure v. 

; Bentl. a. Trim. 128 [cJ. Holmes, Pharm. J. 
j fiii.] 19, 3G.5). Marsden (Pharm. J. 1915, 41, 

1 350) gives an analysis of a Persian sample and 
I concludes that it is not derived from F. gaJbanu 
I flua. The commonest commercial and late 
I B.P. variety is from the Levant, 
j The gum-resin occurs in commerce in 

! drops or tears, usually adhering into solid 
I masses. In colour it exhibits various shades of 
I light yellowish-browTi, sometimes tinted with 
' grefcn. The odour of galbanum is aromatic, and 
the taste unpleasant, bitter, and alliaceous. 
Hiickiger and Hanbury (Fliiek. a. Hanb. 323) 
note that when galbanum is wanned with oon- 
oentrated hydrochloric acid a red colour la 
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dovoloped, which on the careful addition of 
spirit of wine, turns violet or bluish. Asafontida 
treated in the same manner aHsumes a dingy 
colour, whilst ammoniaeum gives no colour 
change at all. Further details of the characters 
of galbaniiin and its b(‘havif)ur towanis reagents 
are given in an elaborate memoir by Hirsehaohn 
(Pharm. Zeit. ]87o, 225; Piiarm. J. [iii.] 7, 
:«)9, 389, 429, 531, and 571). 

(ialhanum n'sin oxaniirK'd by (’onrady 
(Arch. J'harm. 232. 98} was found to contain 
9*5 p.e. of ethereal oil ; (i3'5 ]).f. of ji re.ain 
soluble in alcohol ; and 27*9 ]).('. of imjmrities 
and gum. 'I’iie ])ure resin obtained from the 
ecunmei'fial ])roduet by ext.rael loii m iTfi alwihc)! 
and subsequent trealniont with sodium SiUK^y- 
lat<i Contains 20 p.e. of combined umbcllifcrone ; 
5U p.e. of galbaresmotannol ; and ()‘25 j).e. of 
free umbcllifcrone. 3’ho resin which most 
jirobably consists of a galbareaiiiotanrivlie e.'Ster 
of urnbeliiforone is best hydrolysed by boiling 
with moderately diluted suliihuric acid since 
umhelliferonc is nnnttnekeil by tlii.s rongcni. 
(hiUitirrsniotniDnd on analy.sis givi's numbers 
agreeing with the formula ; on dis¬ 

tillation with phosphoj’U' anhyrliulc U yields u 
hyclroearlutn oxidation with 

nitri<! acid, eaniithonc and cainplioronie aeiflK, 
3’ho volatile 0)1 iH ol)taiiUMl by distillalion with 
water or liy extractuui w'itli light petroleum. 
According to Klnckigcr and Hanluiry, the crude 
oil poBKcsscH an aromatic taste lyid is dextro¬ 
rotatory On the addition of bromine to the 
oil oxiraeU'd tiom PeiHian galbaiinm a red to 
violet or bine colour appiMVs. ’I'iie oil I) 0‘910~ 
0'930 coiiMiHlH of tvrjx'urs, d-pnimc, nopinviie., 
vamplwnv, and mytrenr, of tlie sesquiterpene 
cadiihpm\ of a siibsLance 
flcsquiteipenc alcoholcixt/i«(>/ (Scmrnler 

and Jonas. Her. 1914, 47, 20()8, w'here tlie older 
literature is given.) Cadinol is a now substance. 

When galbanuiii rosin is distilled a small 
quantity of umbelliferono is obtained (Sommer, 
J. 1859, 573). 'I’his eornponnd w now know'ii to 
bo a jirndnct of the distillalion of many other 
resins nr guni-n'sins, eapia'ially tluxse of the 
i]n\Jl}ctlifn<.v. (lalbanum yichls 0'83 pc., saga- 
penum ()*32 p.e., asafo'tida 0'28 p.c. Syntheti¬ 
cally, umbellxfcx’ono may be produceil, as jxointed 
out by Peehmann (Her. 17, 932), by acting upon 
a mixture of resorcinol and malic acid with 
dehydrating agents siicli as sulphuric acid, thus ; 
OeH,(OH)2+(!.3H,(OK)((:()<)H), 

'''* + HC00H + 2H/) 

Another product of the destructive distillation of 
galbanum resin is a thick brilliant blue oil. 
The oil deposits in the cold crystals of umbclUfe- 
rono. It has a bitter acrid taste and aromatic 
odour. Kachlor (Bor. 4, 3b) separated it into 
a colourless hydrocurhon boiling at 240°, 

and a blue oil OjoHjeO which boileji at 280°. 
The flowers of the wild chamomile Matricaria 
ChamomiUa (Linn.) yield a blue oil very similar 
to that obtained from galbanum. Both oils are 
converted by potassium into the hydrocarbon 
which on the addition ot bromine 
vapour gives the blue colour reaction. Hlasi- 
wetz and Barth (Annalen, 130, 354) have ^own 
that by fusing galbanum resin with potash as 
much ae 0 p.c. of resorcinol is formed (of. Gold- 
sohmied, Ber. 11, 8.50); an<Uby treatment with 


nitric acid. Will and Boettgor ’(Annalen, 58, 
269) obtained 8 t 5 rphnic acid (cf. ISohwanert, 
Annalen, 128, 123). 

Galbanum is administered in medicine in¬ 
ternally as an expectorant, and externally it 
is applied in the form of plasters. 

A table of the aeiilxty, (ithor, and saponifica¬ 
tion numbers of galbanum rosin is given by 
Dietericli (Pharm. t’enth. 40, 467). 

Gamboge, ('nmbofya, U.S.P. ; deleted from 
H.J*. in 191-1. ('tidic 'Itrnt, (Iniihmi Gamhogia, 
(iinfi.nii Until, Gonini.r Gutte, Fr. ; Giitii^ 
Gmunuqntt, Ger. 'I’Ins bwvutiful orange-red 
gum-rosiii coiiu^s to uh from Camboja, Siam, 
and (^oeliin (.'hina, whci'c it is the product of a 
lanrel-Jiko tree, tlie Gaieiiiia Hanbnryi (Hook.) ; 
V. Hcnti. ii. 'rriin. 33. Indian gamboge is 
obtained frimi G. Morelia (Desrouss.) Gamboge 
was known to tlio (diinoso in the thirteenth 
century, but it was not until the seventeenth 
century that it apjxoaivd in European markets. 
For the jiurjioso of collecting it the trees are 
incised, and sections of bamboo arc attached 
to oollert tlio milky juice, which, hardening by 
evaporation, takes the (tylhidiical shape of the 
receiving vessel. Gamboge as it occurs in. 
commerce is lu-ittlc, and mny bo powdered 
readily. In pro.sonce of water it forma at once 
a yellow emulsion. It jias a disagr(‘cablo and 
acritl taste. 

(Jostclo (Aincr. J. Jdiarm. 1879, 174) finds 
the resin to vary from 68 to 79 p.c., and the 
(junb from 19 to 27 p.c. (r/. Hurst, Pharm. J. 
[iii.I 19, 761). 3'hc gum is extracted by water. 
Its solution, like arabic, is not precipitated by 
neutral load acotato, hut its behaviour to¬ 
wards other reagents shows it to bo a different 
gum. 

Alcohol dissolves the resin. By fusion 
with jiotash, Hlasiwcti^ and Barth (Annalen, 
138, 68) olitainod phloroglucinol, pyrotartario, 
iHouvitic,#,n(l various fafty acids. 

For the detection of gamboge in mixtures, 
i>. Hirschsohn (J'harin. Z(dt. 24, 609). The 
malei'ial is ground iqi with hydrochloric acid, 
when ether extracts a yellow colouring matter, 
soluble 111 dilute ammonia with an orange 
colour. In medicine gamboge is cmployed^aa a 
drastic jnirgativo, usually in combination with 
other auhstancos. It i.s also an important 
water colour. 

Ivy gum resin. Gurmni-rcsina lledera. In 
Southern Europe and in the Levant a gum-resin 
is obtained from the old trunks of t|;^o common 
ivy, Hexlera Helix (Linn.). It consists of irregular 
masses of a reddish or yellowish-brown colour 
externally, but showing a deep red by transmitted 
light. The taste is bitter and acrid, but when 
heated it evftlves a balsamic odour. Pelletier 
(Bull. Pharm. 4, 604) found the gum-resin to 
consist of resin 23 p.c., gum 7 p.c., and 70 p.o. 
of woody fibre. Examined bjj Sommer (Arch, 
Pharm. fii.] 98, II) it gave no umbelUferone. 

Myrrh, ^yrrha, B.P.; U.S.P.; Hmibol 
Myrrh ; Gummiresina Myrrlia. Myrrhs^ Pr. ; 
Mi/rrhe^ Ger. Together with oUbanum, myrrh 
has been used a constituent of incense 
the earliest times. It is mentioned in (^eas 
and in other places in the Bible. The Egyptians 
employed it not only in fumigations, but also 
in embalming and in medicine. It has retained 
its place down to the present day, and is included 
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in nil the phama^opfipias. Myrrh in the spon¬ 
taneous gum-resinous exudate of the shrubs or 
small trees of the HaUamodfndron Myrjha 
(Nee8) = C(wimjpWrt Myrrha (Holmes), an 
inhabitant of the Somali coast of the Gulf of 
Aden and of the Ked Sea coast of Arabia 
(Trimen, J^harm. J. [lii.J 9, 893). A drawing 
of the tree is given by Bentl. a. Trim. 60. The 
exudate is allowed to harden on the tree before 
collection. It occurs in irrcgular-Khaj)od masses 
of a red-brown colour and dusty apjx'arancc'. 
When cold it is brittle, and breaks Mitli an 
uneven, waxy, nily-lookmg fracture, often 
exhibiting ligliter-<'oloured senneircular striu- 
tions. With water it rea<lily yields an emulsion. ^ 
'I’ho odour of myrrh is fragrant and agreeable, [ 
and the taste bitter, aromatic and acrid. 

The ehi<‘f <-nnstituentH of myrrh are gnm, \ 
Tfnin, and vohfih od. 't’he lelalive pro])orti(ins, 
even in the ease of true myrih, vary greatly m 
different sjiceimeiTs Generally the gum eon- 
Htitutes 40-6.') ]).<■ . tlie resin 2.') -40 )) e., and tli<‘ 
volatile oil 2'r) S ]).<'. Fliiekiger and flanburv 
(Fliick. a. Hanb. li:i) found 27 ]».e. of n'sm in 
a good Bjiecjmen, and Koliler (Atcb. I'harm. 
228,291) found 7 H p e, of volat ikf oil. Itriiekner’s 
analysis (Neues He]). Jdiarm. iO, 76) gave; 
soluble in water, gum, (i7'7(i ]).e. ; resin 'soluble 
in carbon (lisulj)hi<h.‘, 14‘06 ji.e. ; resin soluble 
in other, 12'r)7 p.c.; resin insoluble in ether, 
4'81 p.o.; substances soluble in diluli'fl alcohol, 
0*43 p.c. ; insoluble (sand, bark, iie.), 0*38 p.T. 
The U.S.Ik di'niaiuls that at least 3.7 ji.e. 
shall bo soluble in uleobol, and that the ash 
shall not exee(‘d H'T) p.e. , 

Myrrh resin is soliiblo in alcohol or tbloro- 
form, but it is only partly soluhle in ether, 
carbon disulphide, or alkalis. According to 
Kohler (hr.) it is a mixture of several resms, the 
greater portion of which is a soft resin (•anHsiOft 
soluble in ether, 'rherc nri' also prcst?nt 
two dibasic acids nndiCjnlfjjuOj 

respectively. 

Tsehiren and liergmann (Arcli. riiann. 190.7, 
243, 641) have made an examination of so-called 
Myrrlifl el(*eia, which is the true or llerabol 
myrrh obtained by sorting fioin the other rcainp 
(Indian and African hdidlinm, Ibsabol mynh, 
Opoponax) mixed with which myrrh is iinporteil 
into the United Kingdom. Holme.s (I’harm, J. 
1913, 37, 110), in describing Somali myirh, 
disputes this, and maintains that it is derived 
from haUamodendron Myrrlui. Tschireh and 
Bergraann (he.,) and Friedriohs (Arch, Pharm. 
1907, 245, 427) have described a large number 
of amorphous constituents, but the chemistry 
of myrrn abounds in contradictions, perhaps 
owing to difference in origin of the material 
examined (c/. Greenish, Pbarm. .1. PM'I, 67, 660). 

Myrrh resin gives a violet colour when a frag¬ 
ment moistened with alcohol is treated with nitric 
acid, or the ethereal extract is treated with 
bromine vapour. It is best to dilute the 
alcoholic extract with water, shako out with 
light petroleum, and treat the 'residue after 
evaporating the petrol, with nitric acid. The 
colour is not so marked as in the case of galbanum 
(c/. Ruickholdt, Arch. Pharm. fii.] 41, 1; Held, 
Ajinalcn, 63, 59; Hager, Pharm. Centh, 1865, 
58). Bdellium (^.f.), ^o derived from Balsamo- 
dendron species, is somewhat simliar to myrrh, 
but does not give this colour reaction. Dis¬ 


tilled, myrrh gives no umbelliferone, but by 
fusion with potash Hlasiwetz and Barth (Anna- 
len, 139, 78) obtained small quantities of 
catechol and protocatechuic acid. The pro¬ 
perty of giving a violet colour w-hen oxidised 
by nitric acid, or belter, by bromine vapour, is 
confined to that resin which dissolves in carbon 
diaulphide, and which, according to Briiekner, 
euntains 75-6 ]).e. of carbon. 

The gum of myrrh on analysis gives numbers 
agreeing with the formula (i^H,On treat¬ 
ment with hydrochloric acid it yields Isevulio 
acid (Kolih^r). It contains an'oxydase (Tschireh 
and Hergmann von Friedrichs). 

'Uie qffantily of vt)latite oil in myrrh varies 
vtuy greatly. GladstoiK' (Ghem. Soo. Trans. 
17, 11) dcKcribes it a'S a viscid brownish-green 
oil that, boiling at 266'^', givcB an oxidised 
product. Us sp.gr. was 1*0189. The oil pre¬ 
pared l)y hdiiekiger (r/. Per. 9, 471) was lighter 
Iban water, tlu‘ sp.gr. at 13 ’ being 0*988, and 
the boiling-point 270 ~2‘.K)'’. Keilistilleil in a 
currmit of carbon dioxide it pa.ssi'd over between 
262''’ and 203’. After redi-slillation ilie oil, on 
aiidition of a (lro|> of nitric acid, gave after an 
bour or two a ])ermaiient violet line, but this 
IS better observed wlien bromine vapour is 
a])})lied to a solution of the crude oil in carbon 
di.Hulphide. 

{Samples of the oil examined by Lewinsohn 
(Arch, i’harm. 1006, 2'44, 412) eontaini'd cumin- 
aldehyde u[» to 1 ]).e. and smiill quantities of 
ciigcnol and wocn'sol, and of acetic and ])almitiu 
acids, lly distillalion over sodium, ])inene, 
(li}ienteiU', and limonene were isolated, and in one 
1 coininereial sample, a fourth fcrpCHe b.p. 

78"-80'’ (20 mm.). Two other jio.ssibly now 
G|r,Bj, 4 , b.j). ir)l'^-164'’ (15 mm.) 
and b.]). 163"-lOH''' (12 mm.) respectively, were 
obtained from tw’o other samples of tho oil. 
Von Friedrichs (f.e.) obtained fium the essential 
oil, formic and acetic acids; a crystalline acid, 
m.]). 159"; w-eresol; euminaldehyde and 
cinnamaldchyde; crystalline' monobasic myrr‘ 
hohe acid GjjHjsO;,, m.p. 236"; and the sesqui¬ 
terpene hcrabolmc b.p. 130"-13C" 

' (16 mm.). 

According to Fluekiger, tho h 'dicr consiiiumi 
of myrrh is a glucoside. V. Bolton (Zeitsch. 
Klektrochem. 14, 211), by extracting myrrh with 
' alcohol, evaporating to dryness and then oxtract- 
I ing with water, obtained a substance hurscraduy 
wliich forms 1*5-2 p.e, of the original drug. It 
: is a yellow hygroscopic powder, m.p. 78°, and 
has the composition OgoH 2 hOft. It is not a 
glucoside. On treatment with hydrogen peroxide 
a compound is obtained, which appears to be 
radioactive. 

Myrrh is a reputed stimulant and tonic, but 
its employment in medicine depends chiefly on 
its aromatic properties. 

Other varieties o/ myrrh. Several gum- 
rosins more or less resembling true myrrh are 
occasionally found in commerce. Two are de¬ 
scribed by Fluekiger and Hanbury. One of these, 
often incorrectly called East Indian myrrh, but 
which is really an African drug, is known as 
hisahoL or hSbakhade. In outward appear¬ 
ance ^t is very similar to true myrrh, but it is 
more acrid, and its resin, soluble in carbon duul- 
phide. gives no violet colour with bromine 
vapour. An ana^sis of bisabol-mytrh from 
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Somaliland gavo the following results: gum 
soluble in water, 22*1; gum soluble in soda, 
29‘85; rosin,' 21*5; bitter principles, 1*5; 
volatile oil, 7*8; water, 3‘17; and inorganic 
matter, &c., 13*4 p.c. {Tucholka, Arch. Pharm. 
235, 289). 

The other variety is Arabum myrrh. It is 
collected in Southcni Arabia east of Aden, and 
is probably the product of a distinct species 
(Han bury). It is very nearly related to true 
myrrh in appoaroftce, and some specimens give 
the violet colour reaction. 

Olibanum. Frankincense : Gummi-f^sina Oli- 
hanumi Thus -masculum. Encens, Pr.; Weih- 
ranch, Ger. Olibanurn or frankincense has been 
the favourite basis of in(;ense from the earliest 
times. It is frequently referred to in the Bible, 
and the Egyptians employed it for fumigations 
and for embalming. 

T)uomichen, in ins book on the Paintings of 
the Temple of J^ayr el Baliri in Upper Egypt, 
which represent the trailic between Egypt and 
a land called Punt as early as the seventeenth 
century b.c., has shown that th(*so paintings 
include, not only i-eprescntalionB of olibanum in 
bags, but boxes or tub.s eonluining living oliba- 
iium trees. Tribute offerings of frankincense 
were common throughout the ancient world. 
At tho present day tlie incense of the, Roman 
and Greek Churches is* largely comjxised of 
olibanum. 

The gum-resin is the dried exudated juice of 
several species of Boswdlia. These trc(!s, the 
fragrance of which is noticeable even ut a dis- 
tanco, inhabit Eastern Africa, near Gape Gar- 
dafui, and tho southern coast of Arabia. They 
were studied by Birdwood (I’rans. Linn. Hoc. 27, 
111, 148). One of them is figured by Bcntl. and 
Trim. 58 (Fliick. a. Hanb. 134). Olibanum is 
a solid wliich softens in the mouth, and has a 
slightly tcrcbintiiinous, not disagreeable, taste. 
It oonsists of tears of variou.s shapes, generally 
detached. I’Ko odour, especially on heating, is 
pleasantly aromatic. It nas a pale yellow or 
brown colour, and tho larger fragments are more 
or less milky and translucent. Triturated with 
cold water it yields an emulsion. 

The chief constituents of frankincense are 
resin, gam, and volatile oil. The oil is obtained 
by distillation; alcohol dissolves tho resin and 
water the gum. Braconnol (Ann. Ghim. Phys. [i.] 
08, 60) found resin 56 p.c., soluble gym 30 p.c., 
.insoluble gum 6 p.c., and volatile oil 8 p.c.; 
whilst the analysis of Kurbatow gave resin 
72 p.c., gum 21 p.c., and volatile oil 7 p.c 
(Zeitsch. Ohem. [ii.] 7, 201). Prom the resin 
Tschirch and Halbcy (Arch. Pharm. 236, 487) 
obtained hoswellic acid Ca 2 H 5 ,() 4 , a white 
powder, m.p. 150°, which shows little tendency 
to crystallise. The resin probably contains bos- 
wellic acid in the form of an ethereal salt, and also 
olibano-resene ( 0 , 4 H 220 )„, a powder insoluble in 
sodium hydroxide and melting at 62". Accord¬ 
ing to Kurbatow, an oil boiling at 300° is ob¬ 
tained when the rosin is subjected to destnuitive 
distillation. No umbclliferono is obtained (Som¬ 
mer, J. 1859, 673). • 

The gum of olibanum behaves towards re¬ 
agents exactly as gum arabio (Heokmeijor, J. 
1868, 482). 

Volatile oil of olibanumf examinod by 

StcmbmiOA /Annaion ‘{it *iru{\ 


following data (Schimmel & Co., Semi-Annual 
Ref^ort, April, 1914) 0'8776, Ojj + 19° 18', 

1*47245, acid number 1*8, ester number 7*6, 
ester number after acetylation 106*0. The 
sample dissolved in 2 vols. or loss of 90 p.c. 
alcohol, but became turbid on addition of a 
further quantity. The terpene fraction consisted 
mainly (99 p.c ) of a-pinenc and camphene, with 
a little dipentene and cymene, but no phellan- 
drene. h’ormerly commercial samples were 
licvorotatory, but are now generally dextro¬ 
rotatory. Promm and Autin (Annaien, 1913, 
401, 253) found for the oil frccii from torpenes, 
b.p. 70712 mm. J)'"’ 0-9G8.7, a„ + 20° 48' and 
separated it into a small fraction b.p. about 
150", two mam fractions b.p. 210°-211° and 
260° and a viscous residue. The fraction 
b.p. 210"-2U° contains a substance olibanol, 
whi(;h is not an ether ; its constitution 
is discussed. Tho samo name was given by 
Maensel (Ghcm. Zenlr. 11K)8, i, 1837) to an alcohol 
62011440 , h-j). 333"-334° from oil of frankin- 
otMisc withi)^' ^0*8810, n„4 22*08“, acid number 
2, chUt number 15*5. At tho present day 
olibanum is seldom employed in medicine. It 
iH used almost exclusively in the preparation of 
incense. 

-Opopanax, A bright orango-brown gum- 
I’esin occurring in hard nodular or earthy* 
looking lumjis. It was used by l^poorates, 
and several varieties were known to Theophras¬ 
tus and'JIiuscoridcs. It is said to bo derived 
fi*()m the O'po'paua-x Chironiurn (Koch), a native 
of Southern Europe. 

Opopanax consists essentially of resin, gum, 
and a little volatile oil. The most recent ex¬ 
amination of opopanax is that by Tsohirch and 
Knitl (Ardi. Pharm. 237, 256), who found a 
speciinun n-um tho Opopanax Chironiurn (Koch) 
to contain: resin soluble in ether 51*8, resin 
insoluble in ether 1*90, gum 33*8, volatile oil 
8-3, free feruiic acid 0*22, vanillin 0*(X)27, 
moisture 2*0, bassorin and plant remains 2*0 p.c. 
The resin soluble in other is the fcrulate of a 
rcsinotannol, and on hydrolysis feruiic acid And 
o]X)resinotannol are obtained. 'Uhe latter is a 
light brown powder having the composition 
Cj 2 H^ 30 g(()H). The resin of opojianax insoluble 
in other consists of free oporesinotannol. The 
purified gum contained 3 53 p.c. of ash, and an 
arable acid was prepared from it containing 
G 43*17, H 6*42 p.c. Prom the volatile oil a 
product was obtained in needles, which melted 
at 133°-134° and hod the composition C 66*6, 
H 2*7 p.c. Tips substance is named oponal. 

A sample of opopanax examined by Baur 
(Arch. Pharm. 233, 209) contained plant frag¬ 
ments which showed it to be derived from 
some member of the genua Balsamodendron, 
order I^nrseracecE, probably from B. Kafal {Com- 
miphnu ahyssimica (.Engl.)]. It eontamod 19 
parts p.o. of resin, 0*5 of ethereal oil, and 70 of 
gum, bc.Hides plant fragments. 

The resin of opopanax gives no umbelliferone 
when distilled. When fused with potaah, 
Hlasiwetz and Barth found the resin to yield 
catechol, together with protocatechuio acid : 
(Annaien, 130, 78). Thu substance formerly 
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resin described above. It was probably derived 
from a reisiaii member of the UnthelUfercB 
(rowell, l'h:onomie Products of the Tuiijab, 

I, 402; Eliick. a. Hanb. 327). This resin 
differs from the iinual variety by yielding 
uinbelliferorK^ on dry diHtiUation, als() the 
volatile oil obtauH.Ml from it contains Huijihur. 

Opojianax was highly esteemed in ancient 
medicine, but it ha.s now gone entirely out 
ol use. 

Sagapenum. d'hiH guni-resm, winch, like 
galbanum and asabetida, has been known from 
the earliest times, is now seldom mot with. Its 
botanical origin is not known AviLh ceitainty. 
Eluckiger and Ifanhury (Kluck. a. lianb. 324) 
doweribo sagapeniim a.s consisting of a tonglj. 
Buftish nniBB of closely agglutinated tears. The 
tears are browiiisli, not inilkwdiiti' like asafo'tida, 
and when broken do not acquire a pink tint, and 
arc without alliaceous oilour. d'iie spi‘cim<*n of 
Bagajienum examined by these oljsorvers con¬ 
tained no Kul|)luii', but yielded umbelhlej-one. 
iSeven out of the eight spi'cniiens <>.\amined by 
Jlirschsoim (I’hanii. Zeit. I87r>, 225; 1‘inirm. 

J. [iii.| 7, 771), howover, contained sulphur, 
and this cliavaetcr served to distinguish saga- 
peiium from ammomaeum, galbanum, and 
opopunax. Umbelhfcroiic w’as alw'aya obtained. 
Unlike galbanum, sagapemim dissolves in light 
petroleum; it furtiier contains a much larger 
jirojwirtion of rcHin. Wiien some spocimons of 
sagaponum are immersed in hydrochloric acid 
(«|>.gr. 1'13) they acquire a permanent blue 
colour, but others do not exhibit this behaviour. 

A Bjicciiinen of sagaporium iuve«tigalod by 
Hohenadel (Arch. J’harm. 233, 25b) Wfis found 
on examination of the jilaut fragments contained 
in the drug to have been obtained from tlie 
BteniH and fruits ot a i’ersian siioeies of FejiiUt, 
order UmijcUiffrcu. it contained rosin, 5()’8; 
volatile oil, 5‘8; water, 3*5; gum,‘l23'3; and 
irnnuntios, 10‘b p.i-. The piinlied resin is 
yellowish-brown, and melts at 74'' -7(i'’; w'hen 
hydrolysed by boiling with sulphuric acid it is 
decomposed into umbeUiferone and mgareaiHih 
iannol, a brow'ii substance having the composi¬ 
tion The 5G*8 parts of purified 

resin contamod 40 of sugareainoLannol, If)'? of 
combined, and 0*! 1-41*15 of free umbellileronc. 
The ethereal oil contains 0*7 p.e. of sulphur. 

Scammony. Scammonh. Fr. ; Scaniinoniiiyu., 
Ger. A pujgativo gum-resin derived from the 
Convulvulus iSra?ti?noiiia (Linn.), a native of 
Greece, Asia Minor, Syria, and Southern Russia. 

The gum rtisin obtained by ineiBion fn*m the 
living root, and known an scammony or ‘ virgin 
scammony,’ has been used medicyially fur many 
centuries, but was deleted from the B.P. iu 
1914, and from the, U.S.P. in 1910. The value 
of this drug dejiends on its resinoUB eonstitucnt, 
whieh, howeviv, is now* usually jiropan'il by 
extracting the dried scammony root with iileohoi, 
and jjrecipitating the rosin frum the solution 
with water; but the resin from botli of these 
BonrecH ap[)oarH to liave been displaced in the 
market, to a large extent, by tlie resin obtained 
from the root of Ip<moca orizahcmuti (Ijcdanois), 
commonly known aa ‘ Mexican scammony root,’ 
and until lately these two resins have usually 
iKien eonsidei*ed to be chemically identical. 
The h.V. now has Scammonioi rmwt, tScam- 
mviiicc radix (from Convolvulus iScaintnoniu L.) 


and Ijxnnaa (Mexican Scammony, the root of 

I. orizahensis, added 1914) the U.S.lb now has 
Rcshui ScamnoouicE and ScammdriicB radix (root 
of C. Fcavmonia ]j , yielding 8 p.e. resin, added 
1910). 

An investigation of scammony root and 
scammony made by J’ower and Rogerson (Chem. 
8oc. Trans. 1912, 101, 398) show's that the 
resins obtained from the root by the methods of 
ineiwion and extraction, altiujugli similar, are 
not identical, while both these resins differ 
very considerably from that obtained from the 
I’oot of /fowom orizahcnniK, which lias also been 
exuniiiied by J’ower and Jlogerson [ibid. 101, 1). 
Both ol these resins ^rc exceedingly complex in 
cliaraeler, but consist to a large extent of 
glucosides and incthyliKUitoaides of Jalajnnolic 
acid and its methyl ester, and, whilst the methyl- 
jaaitoHO obtained by tlie hydrolysis of the resin 
of scammony root upjiears to be identical with 
rhamnosc, that from the rosin of Jpomoca 
onzabcii-'<is yields a erysLalUne tetra-aeetyl 
derivative not iutherto descnbi'd. The resin 
from the last-mentioned source also contains 
small pro])ortious of hentnacontane and cetyl 
aictihol, which are not present in the resin from 
scammony root: also, dillereiices are observed 
111 extracting with various solvents bt>th the 
crude rcsina and tlie ])rodiicts of thoir alkaline 
h^<lroly8is. Jn particular tlie true resin ia 
almoat et>mpletely sohiiilo in ether (tiie U.S.V. 
demands that at least 95 p.e. should dissolve) 
whereas of Me.vican si^iminoiiy only about 
70 p.e. is soluble. 

According to vScoville (J. Ind. Kng. Chem. 
1910, li., 335) aeveral boluiiical species, cloacly 
allied, furnifth seamnuiuy or scammony sub- 
Btitutos, among them, a Mexican ])lant, Ihsina 
drasiica. 

Jalapinolic acid (.V*,Hau(UH)('Gs.K waa first 
obtained by Mayer (Annalon, 95, 149) from 
‘ jalajiin,’ the name given to that [lortion of the 
resm of Jpomom onzabcusia, whieh is soluble in 
ether. Jalapinolic acid, Bubsequcntly investi¬ 
gated by Krumer (J. ]>r. Chem. [iu] 57, 448), 
has been studied by Power and Rogerson [l.c.]. 
li forms silky needles, m.p. 07'’-()8°, and is 
slightly dextrorotatory. The mvihtjl cMtr boils 
at 220° (20 mm.) and crystallises in lamina", 
which melt at 47"—48^". 

For an account of the charaeteristicB of 
scammony .resin, its substitutes and adulterants, 
if(c also Bourdicr (J. Pharm. Chim. 1912, 5, 261). 
The microBco])ic differences between true and 
Mexican scammony, together with some colour 
reactions, arc given i>y Ballard (Phann. J. 
1912, 34, 285). For the earlier investigations 
on scammony resin and on the sugars obtained 
by its hydrolysis see. the above-quoted papers 
by lh)wcr and Rogerson, and their papiu* in 

J. Amcr. Chem. Soe. 32,112. G. B. 

GUMS. G um.s are amorjihous substances, 
c<;nipo8e(l of carbon, hydrogen, and oxygen, 
whieh are eharactoriHcd by the property of either 
dissolving in water, or of taking up enough of 
that BoUeiit to become glutinous and form a 
imn ilage. Tiiey are either derived from plants 
by sjiontancous exudation, or arc extracted by 
moans of solvents. The gum usually contains 
some inorganic matter and occasionally a small 
pMjjortion of nitrogen (c/. Stevens, Amer. J» 
Pharm. 77, 255). For a lung time the gums 
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wore considered to bo carbohydi'atos. It is now ' 
known, however, from the researches of O’Sulli- ! 
van on gum arabic (Chera. Soc. Trans. 45, 41; : 
57, 69), Gedda gum {ibid. 50, 1020), and gum 
tragacanth {ibid. 70, 1164), that the gums are i 
acids of high molecular weight, composed of an | 
acid nucleus to which is attached a number of 
residues of various hexoses, pentoses, and bioses ' 
by means of ethereal oxygen linkings; the , 
principal sugars obtained in hydrolysis are ! 
galactose and arabinosc. 

The proportions of the sugars united to the 
nuelous aeid to form the natural complex gum 
acid, and the projiortions ot the comfdex aeids 
in the mixture tliat (ionstitute the natural gum, 
apjxjar to vary in dilfereiit.seasons, since investi¬ 
gations have sliown that the jii'operties of the 
gum of a given jilant are not always the same. 

The finer gums are used ui pharmacy in the 
]>i-eparatioii of emulsions and ])astillcs, and as a 
constituent of mnollient medicines, whilst the 
commoner qualities are used in the arts as 
adlicsivii agents, iii the finishing of cloth, in tlu' 
prcjiaration of ink, of water e<»lours, and in 
calico printing. 

Many drugs, known as gums in commerce 
and not included in this article, will be found by 
reference to Balsams or Gum iiEsiNS. 

Gue of the most important factors m deter¬ 
mining tlio quality ot a gum is the viscosity of 
the solution it forms with water, and as no 
standard mctho<l is yet in use the results re¬ 
corded by dilTeront investigators arc usually 
not comparable, 'rhe ainiplest method of deter¬ 
mining the viscosity ia to allow a quantity of the 
solution (say of 10 ]i.e.) to flow by ’Is own weight 
out of a lube, jirovided with a capillary orilioe, 
and to note tlie time of How. The results 
obtained by tills luotlux.! are of little value, since 
the pressure under which tlic li< 4 uid flows varhss , 
continuously, but the method is still in use as j 
affording a rough comparison of viscosilios. : 
For more accurate work, recourse may bo had 
to the use of a viscometer, such as that described 
by Ostvvald (Pliysico-CHicmical iMoasureinentfl, 
162). ' 

in addition to tlie vi.scosity determination, 
it is generally necessary to ascertain the per- 
coutage of moisture pro.sent in a samplo gum, ! 
the acidity, the anumnt of ash, the colour, taste, j 
odour, and character of the solution it forms j 
with water. The amount (if moisture present ! 
should be merely enough to prevent the gum , 
being excessively friable; as a rule it varies ; 
between 12 and 16 p.e. 'I''he ash should be | 
merely that due to the bases combined with I 
the natural gum acid and in good samples is | 
generally about 5 p.c. The solution should be 
free from marked taste or (xlour and not very 
dark in ooloim. 

In the early jiart (d the lOtli century, a good 
many gums w'erc known, and the work then 
don© resulted in the doscrijition of the jirojierties 
of a few gum substances to which the names 
basJioriiiy cerasin, and anihm wore given ; and 
chemists, dominated by the idea that the numb(‘r 
of organic, compounds was only small, on investi¬ 
gating a gum, identified its constituent* with 
one or • more of those substances. It now 
appears that the number of gum compounds is 
very considerable, and it cannot be safely in- 
that the arabin, or cAasiu, &c., foimd in 


one gum, is the same substance as the compound, 
given the same name, found in another natural 
product. For further particulars, see Robinson 
(Brit. Assoc. Reports, 1906, 227; and the 
Imperial Institute Bulletin, 6, 29), from which 
much of the information embodied in this article 
has been obtained. 

Acacia and Ai.i.ied Gums. 

Acacia gum. Gum ambic; Acacice gummit 
IkP. ; Acacia, U.S.P. ; Gornme arahique, Fr. ; 
Arabisch(s Qiimmi, Oer. Acacia gum is the 
exudation from the stems and branches of 
various sjieciiw of acacia, notably the A. SencMl 
(Willd.), which inhabit Africa from Senegambia 
in the West to Kordidan, {Southern Nubia, and 
the region of the Atbara in the East {Bentl. a. 
Thill. 94; llolmel, Pharm. J. [iii.) 18, 1089; 
Fluok. a. Haiib. 2;13). The drug hag been known 
from the carhest times, having been an article of 
Egyfitian commerce m the I7th ociitury b.c. 

^riie most esteemed variety is Picked Turkeij 
\ or white iSntaar gum. 'I’bi-s gum, also known as 
I fSiulaii or Kordojan gum, is collected from the 
I grey barkci! acaeia tree, ylcariw Senegal (Willd.), 

[ known locally as ‘hasliub.’ In Kordofan, the 
, gum is obtained both from gardens of acacia trees 
1 which arc jinvato property and from wild trees. 
In the gardouM, the gum is obtained by arti- 
ticially incising the trees soon after the end of 
the rainy season, tlio bark is removed in strips 
from the principal branches of all trees which 
' ar(‘ three years old or ujiwards; the strips 
should be 1 to 11 inches wide, according to the 
si/.e of the branch, and 2 to 8 feet in length. 
The incision should not penetrate into the 
wood, and a thin layer of the inner bark should 
be left. About 60 days afterwards, the first 
collection of gum is made, and after that the 
gum is collected every fourth day until the rains 
reoomraeiice and new leaves appear; at this 
stage the*cxudatioii ceases. 'I'ho gum obtained 
from the wild or uncultivated trees is slightly 
darker in ooloui' and of less value than that 
derived from trees under cultivation. It 
exudes naturally from the wild trees and 
usually dries Into pear-shaped pieces which vary 
in size, according to the length of lime bclwcen 
successive collections. Young hashab trees, 
8 to 10 feet high and 6 to 8 inches in girth, will 
produce gum, and the limits of age for this 
purpose may be taken as 3 to 15 or 20 years ; 
probably trees of from 8 to 12 years old are the 
roost productive. The gum consists of lumpa of 
various sizes, sometimes as large as a walnut, 
and of a white or nearly white colour. The 
unbroken masses are rounded in shape, and 
travcised numerous minute fissures. They 
are lirittle and break with a vitreous fracture, 

I exjiosiiig a transparent and in the finer varietiea 
! quite colourless interior. 

Suakln, Talca, or Talha gum is derived from 
the ‘ red ’ and the * white ’ barked acacia trees, 
botli*of w'hiph arc varieties of Acacia Sey(d 
(Delile). It is collected chiefly in the forest* of 
the Blue Nile. I’lic red talha tree is more abun¬ 
dant than the white and consequently most of 
the talha gum is derived from that variety. The 
trees arc said not to be barked or wuumled by 
the collectors, who gather the gum they find 
exuding. Talha gum is so brittle that eom- 

specimen*, have usually, for tho meat 



486 


GUMS. 


part, fallen to powder. The particles exhibit a : 
great variety of colour. •[ 

Senegal gum, collected in the French oolony ; 
of Senegal, is obtained almost entirely from the ■ 
same Hpccios of acacia which yields the Kordofan ; 
gum, but it is probable that the poorer qualities i 
are ])rocured from other species. The gum 
cxudcH naturally through fissures produced by : 
the rapid and unequal desiccation of the barks 
of the trees by the hot winds experienced 
immeiliately aftcu- the wet season, but in recent 
years incisions liavo been'madc. Senegal gum 
is much darker in colour than the Sudan gum, 
and the surface of tlio lumps is unbroken by 
cracks or fissun^s. Jt is chielly imported into 
France. A eonsiderable quantity of this is j 
however, cxjiorted to other European countries, j 
Morocco, Mogador, or Brown Barbary gum ; 
is exported from Morocco. It is stated to be j 
obtained fj’om Acacia arahicxi (Willd.), and i 
Acacia gumiinfcra (Willd.), but according to some j 
authorities, much of th(5 gum now exported is | 
merely Senegal or Sudanese gum, brought to 
Morocco by caravans from the interior. It 
consists of light dusky brown tears or vermiform 
pieces ; they show numerous Huperfieial fissures. 

Cape gum is the product of the .^cffr?a 
horrida ("Willd.), a native of ('aj>c Colony. Its 
colour is amber-brown. 

Aden and East Indian gum is produced in 
Abyssinia and Somaliland and is exported from 
the towns on the Somali coast princijially to 
Aden And Ihunbay. From those two ports, it 
is roshipped to Europe as ‘ Aden gum ’ and 
‘ East Indian gum ’ resjiectively. The source 
of the gum is not known with certainty but 
some of it is doubtless collecteil from Acacia 
nbgssinic'ia (Hochst.) and Acacia (jlaucophylla 
(Steud.), which are know’n to occur in those 
regions. It consists of tcar-sliajied masses, often 
as large as an egg, and of a ))ale g^mber or ■ 
pinkifdi hue. The liest qualities apjiroaeh the ' 
bettor classes of Kordofan gums in appearance, 
solubility, and other characters, but these gums 
are. usually darker in colour. 

Australian or Wattle gum, the product of 
several Australian species of Acacia known 
locally as ‘ "Wattles,’ occurs in large hard 
globular tear-like masses or lumps, varying in 
colour from d<iej) yelloM' to (hxip reddish-hrowu 
(y. Maiden, Pharm. J. [lii.'J 20, 80; cf. Fliick. 
a. Hanb.). 

Gum arabic is not much more soluble in hot 
than in cold water. In alcohol it is inBoluble. 
The aqueous solution is precipitated by basic 
lead acetate, but not by neutral acetate ; 10 c.c. 
of a 10 p.c. solution gives a precipitate with 
0*1 c.o. of basic lead acetate solution (U.S.P.). 
It is also thickened or rendered turbid by the 
addition of solutions of borates or ferric wilts or 
alkaline silicates. Salts of mercury or silver 
have no action on the stilution, neither is it 
colourwl bine by iodine. Gum arabic yi<‘lds 
about 3 p.c. of ash, consisting of calcium mag¬ 
nesium and potassium carbonates. For analy¬ 
tical distinctions between pure gum arabic and 
gums with w^hich it may be associated, v. Hager 
(Zeitsch. anal. Chera. 11, 350; Pharm. Centh. 
1885, 388); Sohlossor (Chom. News, 20, 120); 
Roussin (J. P^rm. Chim. [iv.] 7, 251); Elwood 
(Pharm. J. [iii.] 19, 339); ilefelmaun (Zeitsch. 
ofleutL Chem. 11, 195); Palladmo (Bull. Sue. 


chim. fiii.] 9, 578); Vamvakus-(Ann. Chim, 
anal, 12, 12). Methods of valuation of gum 
arabic are given by Fromm (Zeitsch. anal. 
Chem. 40, 143) and Hietorich {ibid. 40, 408). 

Gum arabic contains an oxidase {e.g, 
Reinitzer, Zeitsch. physiol. Chem. 1909, 61, 
352), tragacanth docs not. Hence, when a drop 
of hydrogen peroxide is added to a mixture of 
equal volumes (jf a cold 1 : 30 aqueous gum 
Holution and timd-ure of guiacum, a brown 
colour results with gum arabic; tragacanth 
remains colourless (Allen’s (!omrti. Org. Analysis, 
iOJ 1, vol. IV., p. 444). 

Starch^is detected by iodine; dextrin by 
a method due to Roussin {l.c. and Allen, l.c. 

J). 439); gclalin by tannic acid, cf. also Trillafc 
((‘om])t. rend. 127, 724). The quantitative 
estimation is d(‘8cnbcd by Waters and Tuttle 
(J. Ind. Eng. Chom. 1916, 8, 413). They pre- 
cijiiiato with an ammoniacal copper acetate 
solution in 50 p.c. alcohol, wash the precipitate 
with alcohol, dry at 105“, weigh and subtract 
the copper oxide left on ignition. 

'the cliief constituent of gum arable is 
Jrahin, Arabic acid, or Ouumi-ic acid, combined 
M'lth calcium and also pcrliaps with ma^esium 
and potassium. 'I’he crude acid is precipitated 
when alcohol is added to an aqueous solution of 
gum arable jircviously acidified with hydro¬ 
chloric acid. By successively redissolving in 
water and reprecijiitating, the jiroduct can be 
obtained pure. Arabic acid is amorphous, 
soluble in water and insoluble in alcohoL 
I Heated to 100" it is converted into insolublo 
7ncta-arabic acid (Ncubauer, .1. 1854, 624; 
Annalen, 102, 105; Gelis, J. 1857, 496), or the 
same cliange may be elTocted by treatment with 
concentrated acid (Frcmy, J. 1860, 503). Meta- 
arabic acid is rcailily changed back again to 
soluble arabic acid by the action of alkalis. 
Heat of combustion, v’. Stohmanri (J. pr. Chem. 
|ii. I 31, 298). Action of light, v. Edcr {ibid. 19, 
299). 

The constitution of arabin has been investi¬ 
gated by O'Sullivan {lx.) who showed that it 
contains the acid nucleus, CgaHaaGag* to which 
he gave the name X-nrabinosic acid, but after¬ 
wards unfortunately called it arabic acid, the 
name already given to the naturally occurring 
gum acid, arabin, which is a compound of 
arabinosic acid with the sugar residues, arabinon 
and galactan, the termination ‘ an ’ indicating 
the anhydride of the corresponding sugar. On 
complete hydrolysis, arabin yields arabinose, 
galactose, and arabinosic (arabic) aeid. 

When oxidised with ordinary nitric acid, 
gum arabic yields oxalic, mucic, tartario, and 
racemic acids (Guerin, Annalen, 4, 255 ; Fiebig, 
ibid. 113,4; Kihani, Ber. 15, 35; Homemann, 
J. 1803, 391 ; Maumene, Bull. Soc. chim. [iiL] 
9,138; Beeliamp, ?6td. [iii.] 7, 587). 

Gums from Acacia pycnaulfia (Australia), 
A. horrida (S. Africa), A. aruhic/i (Africa, Arabia, 
India), and Mrlia AzadiracMa (Hcccan, Ceylon, 
Malay Archipelago) have been examined by 
Mcininger (Arch. Pharm. 1910, 248, 171). 

Allied gums. The gum known in commerce 
as gam, in appearance very similar to the 

inferior Mnds of gum arable, has aho been 
examined by O’Sullivan. He found that it is n. 
mixture of several gum aoida, which are con¬ 
stituted of the ramoles of galactose and of 
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arabinose or arabinan> attached in considerablo 
numbers to a nucleus acid to which the name 
geddio acid is given. Geddic acid is an iso- 
meride of arabio acid, CjsHaKGag- Chagual 
gum is obtained from Chile, where it is pro¬ 
duced by the Faza lanuginosa (Schult.). It is : 
partly insoluble in water. Chagual gum has 
oeen investigated by Winterstein (Kcr. 31, 
1571). Feronia or wood apple gum is derived 
from the Indian ti’ce Feronia clephanium 
(Correa) (c/. Fliiek. a. Hanb. 230). Qliaii gum 
is the name givd^i in India to gum produced 
in India itself, as dLstinguished from East , 
Indian gum of exotic origin. In fturop<;an i 
commerce, however, tho nanui ‘ Ghatti ’ or 
‘ Gatty ’ 18 practically restricted to tho partially 
soluble and viscous gum derived from Ano- 
geissxis laiifoha (Wall.) and certain other species. 
It is derived from various trees and no attempt 
is made to keep tho products of the different 
species separate. The result of tins is that the- 
gum may differ considerablj’^ in properties. 
Hog or Doi lor gum consists of reddish tears. It 
is derived from tho Fhns Metopiim (Linn,), or 
perhaps 1h(' Morouohm giandifiora ((Jhoisy), 
natives of South Auionca. This gum is quite ' 
distinct from the Hogg or Kutoera gum of 
India (r/. 'I'ragaainih). iMuiits containing gums 
similar to acacia (r. Gm. 15, I Do), Fara and 
other gums (Phai'm. J. I ill.} IH, 523, 745, and 
1009). 

Thauacmnth AN!) Allikd Gums, 
Tragacanth. I'ragacantha, B.P.; U.S.P. 
Qofnme adraganfct Fr.; Traganihy (Jer. A gummy 
exudate consisting in jiurt of altered cells ob¬ 
tained cither siiontaneuusly or by means of 
incisions from tiio stems of various species of 
Astragalus, some of which occur in South 
Western Europe, wliile others are found in 
Greece and Turkey, 'riiu largest number, 
however, arc indigenous in tho mountainous 
regions of Asia Minor, Syria, Armenia, Kur¬ 
distan, and IVrsia. The tragacanth of com¬ 
merce is produced in the last-named countries. 
In July and August, the shrubs are stripped 
of their leaves and aliort longitudinal incisions 
or shts are made in the trunks. Tho gum 
flows out, and, drying spontaneously, is ready 
for gathering in three or four days. If tho 
weather is fine during tho drying process, the 
‘ white loaf ’ form of gum is obtained which 
is the most prized variety. If, however, rain 
falls or tho wind rises, particles of dust collect 
on the surface of the gum which thereby loses 
its whiteness and becomes the ‘ yellow leaf ’ 
form, the second quality. The form of the 
pieces is determined by tho shape of the in¬ 
cision ; longitudinal incisions produce ‘ leaf' 
or flake tragacanth, punctures yield ‘ thread * 
tragacanth, while irregular shaped incisions give 
knob-like masses, generally coloured, and of 
relatively low value. Another form, known in 
Persia as ‘Arrehbor.’ exudes from branches 
which have been cut by a saw (Imp. last. 
Reports, 1909, No. 03). 

When tragacanth is treated with water, one 
part dissolves and the other swells up, absorbiftg 
water, to the extent of even fifty times the 
weight of tho gum used, the whole forming a 
thl^ mucilage. This may bo (^flused through 
mure water when, on filtering, a soluble gum 


passes through, and there remains on the Biter 
a slimy non-adhesive mucilage, &a^50rtn, traga- 
canthin, or adraganthin. In presence of alkalis, 
tho whole of tho gum dissolves readily in water 
(Fliick. a. Hanb. 178; Sanderslebcn, Phytoohem. 
LTntersuch. Leipzig, 1880, 90; Fremy, J. I860, 
504). On hydrolysis of three samples of white 
tragacanth, "Widtsoe and Tollens (Ber. 33, 132) 
obtained fucoso and arabinose, whilst fucose 
and xylose were obtained from two samples of 
brown tragacanth. Five different samples of 
tragacantii examined by Heiger and Dreyfus 
(Ber. 33, 1178) were found to (contain 9*4 to 
15'4 p.c. of water; 3-1 to 2'7 of ash, also 15'1 
to 22'4 p.e. of galactose ((istimated as mueio 
acid) and 30 to 42 ]>.c. of arabinose (estimated as 
furfuraldebyde phenylhydrazono). A specimen 
of vermicelli tragacanth contained 4 p.c. of 
cellulose and 3 p.c. of starch. The samples 
obtained by artificial incision contain tho larger 
proportions of water and a.sh. 

Tragacanth gum, investigated by O’Sullivan, 
was found, like Gedda gum, to be a mixture of 
several gum acids. It c<an be separated into a 
group of acids whicli remain in solution in diluto 
ahiohoi, and an insoluble porti<iii, for which the 
name hud^^orni is approjiriatod; cf. also von 
Fellcnberg (Chein. Zontr. 1914, ii. 943) who 
finds that bassorin alone contains methoxyl 
(=5'38 p.c. MeOK); the soluble jiortion is 
methoxyl free. Tho acids of tho soluble group 
were found to bo built up on a nucleus ^id, 
very similar if not identical with geddic acid, 
by its union with galactose and arabinose 
residues, The constitution of the insoluble 
portion lias not been eonijilotely worked out j 
but it yields a nucleus acid of tho formula 
(l, 4 ll 2 oU,a, to which the name hassoric acid 
is given, and also intorinediate acids formed 
of bassoric acid united to tho residues of xylose, 
and of a new pentose sugar, tragaca7itlios('. 

Allied gums. Bassora, Kutcera, or Cara- 
imnia ginn, Hogg gum irugacanlli, consists of 
yellow or brown waxy masses, it comes from 
Persia, whore it is said to be derived from 
almond and plum treps, and is employed in 
Smyrna in the adulteration of tragacanth (Fb'i^) 
a. Hanb.). I’hc Cocldospcrmum Oossypium (D.C.), 
a small deciduous tree growing abundantly in 
India, furnishes a gum which occurs in irregular 
rounded translucent lumps of a pule buff emour. 
The gum is sold in the Indian bazaars as a 
substitute for tragacanth, which it closely 
resembles. This gum has the property of 
slowly giving off acetic acid when exposed to 
moist air, a property also posse.ssed by the gum 
of Slerculia urens (Uoxb.) (Gurbourt, Fharm. J. 

1 1.5, 67). This may be utilised for the detection 
of adulterants in gum Tmgaeantli. The material 
is treated with dilute phosphoric acid and steam 
distilled. Indian gum then gives^about 7 timoB 
as much acetic acid as pure gum Tragacanth 
(Ann. Report Bureau of Chemistry, U.fi Dept, 
of Agriculture, l^arni. J. 1912, 34, 353 ; Emery, 
J. Ind. Eng. Chem. 4, 374; Fuller, Amer. J. 
Pharm. 1012, 84, 155). F«)i' the detection of 
acacia see gum arabio, above, and Frey (Apoth. 
Zeit. 1913, 28, 787). A stable acid, gondic 
acid, C 93 H 30 O 2 ,, has been obtained from the 
gum of Cochlospermum Oossypium (D.C.) ia 
the same manner as the araoic and geddio 
acids of O’SuUivaD. On hydrolysis, the gum 
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yields 18 p.c. of acetic acid, calculated un the 
dry and ayh-froo wubHtance, and is thus an 
acetyl (lcriviitiv(!. }vylus(5 and a hoxose arc 
among the (jtlicr |)r<Kluctw (Robinson, Chem. 
Soc, Truiiy. 8!), Cmhm <jum ia the 

exudation of the Aiuicarditm occidaiiah 
(Linn.), a .suiuU tree indigenous to tro]»ical 
America. (Jhirry ircc (jum behaves towards 
w'ater m a smiilai nuumcr to iragacantli. The 
insoluble ])orluin eiaisisl.H of ciraKOi, C(nnbmed 
with metals of tlu^ alkalis or alkaline earths 
(h'reiny, J. iHbl), fiOl). For hydrolysis of eiicrry 
li'co gum, V. Haums and Tollens (R(*r. IklOtij. 
Linseed, imirAnn-nUon', nnd jlcaseiil tjinihs closi-ly 
I'cacmble tragacaiith (Sehmult, Aniialcn, Tii, 
50; Frank, J. j>r. (diem. [ii. I 05, 404 ; Kirchucr 
and Tollens, Annalcn, J75, 215; ililger, Rer. 
36, 3107). I'i’i-nau yum (i;. Fliarm. J. [3j 20, 
703) is of a hal'd glassy lyjjc, and lU solutions 
in ^vatcr are iutcnncdiale in cliaractcr between 
thosi- oi tragacaiitii and gum arable, 'rho trade 
ill this giini IS considci'ablc, but the eoinmercuil 
value IS lowrr Mian liiat of eiMn'r tragacanth 
or fine gum arabic (Imj). Inst. Report). Wood 
(juin has been e.Ntracted Iroin various woods, 
straw, looiaii, und similar materials, it re¬ 
sembles eheriy trie gum. (hi hydrolysis it 
yields .xylose, and in some ea.ses arabinuse 
(Th. Thomsen, d. ju'. ('hem, lii.I 10, 146; 
Fouinaredo and Figiier, Annali n, 64. ,338: 
d. Soe. ('hem. hid. 1800, 335; Wheeler and 
TolleiiH, her. 22, ]U46; 23. 137 ; Anualen. 254. 

Alien and Tollens, ibid. 200, 280 ; Ruder, 
(!hem. Zeil. 10. 55: Johnson, Amer. ('liem. .f. 
18, 24; Rrowne and Tollens, Rer. 35, 1457 ; 
Sttlkowski, Zeitseli. jihysiol. Mlicni. 34, 102). 

OTIlKll CIUMS. 

Agar agar, Aijat, U.S.P. (admitted 1016; it 
is not in tlie Jhitisb idiarmaeo|jiiia), licmjal or 
Jajxinesc isinghi.s,'., is the dried jelly »'f Oraetlnriu 
{Sphaeroc,<)<-ciis) Uehenoides, (Jrev., (klkhnm 
voTnnun, Lum.. (/. ca>lila(jineitm, GuilL. and other 
Rod Alg.n [.Uhodophyemc] from {'Inna, Japan, 
Formosa, ite. {see Takao, J. Pliarm. ('him. 
1017, 15, J75j. It consists iiiamly of a carbo¬ 
hydrate, d->j(ilaeia)\ {(.^(,11 it|(h-,)f’ eorreetly 

termed ijdoae, wliieli is hydrolysed by acids to 
galactose, and is in,soluble in cold water, alcohol, 
dilute acids, and uikalis. Agar yields on 
hydrolysis a)s() small amounts of arabinost* and 
friictose; on oxidation niucie acid is formed 
(Tak<ao, lx.). 1 ])urt in .500 of boiling w’ater 

forms a jolly on cooling (Morin, J. 1880, lOlO ; 
Porumbara, 1880, 1011 ; Raiier, .L pr. (diom. 
[ii.] 30, 375) {v. Aoaji Acjak), OT gram dis¬ 
solved in 100 c.e. boiling water should give 
no j>reeij>itale on adding tanni'e acid (abseneo 
of gelatine) and sliould not be eoloured blue by 
iodine (abseneo of starch). AeiHnding to 
Takao {lx.) tiy.5 niueilage i>f some species, how¬ 
ever, is coloured blue. I gram boiled wiMi 
100 o.e. of water for ten minuie.s, shi>i/.d set on 
cooling to a stiff jelly (U.S.L’.). 3’he material 
generaily contains eliaracteristic diatom Hkcle- 
tons, best recognised mieroseojiiivilly after 
ignition. 'ITiose of AraehiuenhHeuH Ehrenhenjii 
are figured in Alleirs ('omin. Org. Analysis, UUI, 
vol. iv. p. 438. Agar (the Malayan plural is 
formed by repeating the singular) is used for 
pre]>anng culturo media in bacteriology, for 
making emulsiouH, for thiokouiug icc-creams, 


and medicinally in chronic constipation. Its 
action in the latter case is purely mechanical; 
it passes through the intestine almost unchanged. 
(Trade names, Regulin, Agarase.) Qalaciin, a 
very similar gum to gelo.se, is found in the seeds 
of the Legiminosa’ (Muntz, Ruil. Sue. ehim. 37, 
409). 

Amyloid gums. These are distinguished 
fiom most gums l»y biang coloured blue hy 
iodine. The m<»r(' important are; Amyloid 
(diKtiiict from that derived Irom eellulose), the 
soluble gum of the entyledonif of the tamarind 
and other jilaiits ; Qantet (jam, which breaks up 
into ci'llifose, gum, and sugar when heated w'ith 
ddiitc suljiliuric acul; and Ealep gam, derived 
from till- bulbs of orchids (Frank, ,1. pr. ('hern. 

III. I 05, 470 ; Ililger, Rer. 36, 3107). 

Animal gum. A gummy substance having 
1.1 h“ comjiosition (',;,il 2 „(ii(i>-^RJ^ 
isolated from tlic Hccret.ions of the salivary 
gland.s, li'om (he brain, jiancreas, kidneys, and 
othi'r jiarts of the body. It is unaffected by 
the digestive ferments, but is converted into 
sugar by dilute acids. It rcduci's ammoniacal 
silver lutrato solution witli forinatiou of a 
iniiToi. WiMi watci', it gelatiuisoH, forming a 
mueilage. ft is insoluble in alcohol and other 
(Landw'clir, Zeitseh. jihysioI. (jhem. 8, 122; 0, 
367; 13, 122; ZeiUcli. anal. Chem. 23, 001; 
24, ()40; Pouehet, Comjit. rend. 20, 21 ; Foliri, 
Zeitseh. physiol. Chem. 23, 347). 

Fermentation gum. Tliis gum, Ihxtran or 
ros('o.sc, which occurs in the unrijie sugar beet 
(Scheihlei, W'ag. J. 1875, 700), is formed in the 
iactie ferinoniation of cane sugar by the action 
of the bacterium SlrepUx'occas [L( iwonosloc) 
Mraenleroides (van Tn'ghem, Jahrosb. Agrik. 
Chem. 1870, 544; Rechamp, J. Th. 1881, 85; 
Rruning, Annalcn, 104, Pof). Formed also in 
imicic fermentation (Nageli, J. jir. (!hem. [ii.J 
17. 400). .Doxtran C,iil|(,(>8 is amorphous, 
soluble ill water and precipitated therefrom 
as an elastic thread-hko mass by alcohol. By 
treatment with dilute sulpliuric acid, sugar 
is obtained, and when oxidised with nitric acid, 
oxalic but no mueie acid. 

Dextrin v. Dkxtkin. 

Iceland moss gum. Two gums have been 
isolated from the jelly of Iceland moss, Cdrarui 
(sUindiea (Acharius). According to Hesse (J. 
prakt. Chem. 1016, lii.] 03, 254) this lichen 
contains in the air-dry condition 80 p.e. of 
carbohydrate and 13-14 p.c. of water, and may 
bo used for human food and fodder. Tho bitter 
taste is removed by I p.c. potassium carbonate. 
On hydrolysis with 6-8 p.c. sulphuric acid 
Iceland moss yields three times as much sugar 
(cliictiy dextrose) as jiotaioes. Of the gums, 
ttchemn ('oH)C'Gii is unaffected by iodine, while 
the ether, isolkhenin, is coloured bloo by that 
reagent. Lichetiiti is a transponmt brittle mass 
whieh dissolvcH in lioi water, the solution 
gelatinising on cooling. It is soluble in solution 
of ammonio-i'ojiper suljihate; combines with 
bases ; is conviu’ted by dilute aeids into sugar; 
oxidised by iiit-rie acid, it yields oxalic acid, Und 
it reacts with glacial acetic acid, forming iriacdyl 
Uehenin (’^H^AiiyOj (Knop and Schnodermann, 
Annalcn, 55, 105; J. 1847-8, 831; Errera, 
inaiig. Dis. Brussels, 1882, Id; Mulder, Annalen, 
28, 270; Hel^pr and Buobncr, Ber. 23, 461). 
iVoLichoniii is soluble in water, and nnUks 
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lichenin forms no aoetyl derivative, nor is it 
soluble in ammonio-eopper sulphate solution 
(Berg. J. 1873, 848; Errera; Hdnig, Monatsh. 
8, 452). 

The lichen, Kvc.rnia Prunastri (Ach), contains 
a gum resembling lichenin, cverniin (•eHnO, 
(Stiide, Annalcn, 131, 241). 

Irish* moss gum. Irish moss or carragoi'n, 
('hondruH crinpu.)! (Lmn.), contains a gum whicli 
is soluble in water, iuHolublc ni animonio-co])per 
sulphate, is nut,coloured blue by iodine and 
yields inucie acid when oxidised with nitric acid 
(Blondeau, J. 18()5, (ioO ; h’liickiger juid Ober- 
meyer, J. 18H8, 805; Painter, J’harni. J. |iii.) 
18, 3(i2). This seaweed is included fH the 
U-S.P. {(Jhoiuiriifi). 1 i)urt, boiled with 30 iiarts 
of water and strained, sets to a thick jelly on 
cooling. 'J’hc dried plant contains about 04 p.c. 
of carbohydrate and 7 ji.c. of jirotein. Hot 
water cxtractH the calcium siilt fif a colloidal 
ethereal suljihaic*; llic calcium is freely ionised, 
but sulphate ions cannot be demonstrated until 
after hydrolysis (Haas, Bio-clieiii. J. 1021, 15, 
40!)). 

StercuUa gum, ilenved from various species 
of SUrculni (a, Alaiden, Pharm. J. [lii.J 20, 381). 
V. ijunis allied (o traijacanih, -supra. 

Sugar beot gum. Several forms of gum have 
been separated from the juice of the sugar beet. 
Arabic or mvfaauabic acid {cf, gum acacia), 
dej:trau {cf. fci mentation yum, ■juiraralu'ii 
(Rciehardt, IJer. 8, 808), and hmailnu {r. Lipi»- 
mann, ibid. 14, 1/500). Pararahiu is a iiowder 
which forms a jelly with w'ater of quite a difl'enuit 
a])pearance from that obtained with meta- 
arabin. It is soluble in dilute acid solutions 
from winch alkalis or alcohol ju’ocqtilate it. 
Laivulan is a by-iiroduct in the extraction of 
crystallisable sugar from beet sugar molasses. 
When anhydrous, it Is insoluble in water, but 
in its hydrated form it dissolves ri'adily. Whim 
oxidised by nitric acid it yields muuic acid, and 
heated with dilute sulphuric aonl it is entirely 
converted into lajvulose. 

Wine gum (i>. Hechamp, J. J875, 087; 
Ohancei, J. 187.5, 087 ; Neubauei, Zeitseh. anal. 
Chem. 15, 194). 

Yeast gum {v. Hossenlaml, Zcit. Ver. Ktibeii- 
zuck-lnd, 1802, 071; Salkowski, Per. 1894, 
27, 497, 925, 3325; Zoitsch. jihysiol. Ohem. 
1910, 69, 466; ibid. 1911, 73, 314; von Euler 
and Fodor, ibid. 1911, 72, 339; Meigeii and 
Spreng, ibid. 1908, 5.5, 48 ; Harilen and Young, 
Chem. 8oc. Trans. 1912, 101, 1928). The pre¬ 
paration is more particularly de^scribod by 
Harden and Young; purification is best done 
os copper precipitate (Salkowski). Adlierent 
glycogen is precipitated by saturation with 
ammonium sulphate ; the filtrate is dialysed 
and the gum is then jirocijiitated by alcohol. 
[®]j) given from d-00'7G‘’ to -f-Ol *1' by various 
authors; the liighiu’ figure is probably the most 
correct. On hydrolysis mannose and dextrose 
are formed, rather inon^ of llic former than of 
tUo latter. O. H. 

GUM ACACIA ^ 

GUN AMNONIACUM r.TiUM RKSIN.S. • 

GUM ARABIC V. Gums. 

GUM ASAFIETIDA v. Gum RESIWS. 

OUH BENJAMIN v. 

GUM BENZOIN v. Balsam. 

GUM. BRITISH, v. Dextrin. 


PERCHA. 

OUH ELASTIC Rubber. 

GUM OALBANUM v. Gum KiJSXNS. 

GUM GAMBOGE v. Gum BE91NS. 

GUM KINO V. Ktno. 

GUM LAG or LAC RESIN Resins. 

GUM MYRRH v. Gum iiesins. 

GUM THUS e. Resins. 

GUMMIC ACID t>. Gums. 

GUMMl GUTTI r. Gamboge, art. Guu 

KESINS. 

GUMMITE. An amorphous hydrated 
uranium oxide (GOj. (»l -75 ]>.c.) with some lead, 
calcium, Bilic.i, Ac. It occurs as an alteration 
product of uraninite (pitchblende), and forma 
yellow to redilish brown gumdike masaos, Bomo- 
times enclosiiui a nucleus of the unaltered parent 
mineral, and at times showing the. external form 
of the original crystal, ft is found together with 
other secondarv uranium niincrals at .Johann- 
gooi'genstadt, HcIincidK'rg, and Aniiaberg, in 
Saxony, in the Elias mine (eliasiti*) at .Joachims- 
thal in Jiolieniia, and rather abundantly in the 
l^'lat Rock and J)<-ake imiies in .Mitchell Co., 
North (.'arolina. 

Thorogummite (l.U)3-3Th(G-3Si()a'6H2G) 
Irom JJan'> Co., Te.\as, pilbarite 

{UO/.niO;.-Pb()-2HiO,*4H3U) 
fnim AVesterii Australia, and yttroguminitc, an 
altt'ralion proiluct of cleveito from Norway, aru 
related minerals. L. J. S. 

GUN COTTON e. Exn.osjvKs. 

GUN METAL V’. Tin. 

GUNPOWDER r. lOxi'Ld.sjvus. 

GURHOFITE V. Dolomii’u. 

GURJUN BALSAM. Wocd-uil, i>. (B.uo. 

Rli.STNS. 

GURJUNIC ACID i>. Oi.ho-I(1s.stns. 

GUROLITE or GYROLITE r. (;Ar,cru.M. 

GUTTA PERCHA is the jirodiict obtained 
by coagulating the latex of certain Hjiccies of 
Palnqimin^wd Payctia, belonging to tho natural 
order Hapotaccif., which are natives of tho Malay 
Peninsula and Arehipclagf). The name is 
denved from two Malay worda: geiak and 
percha or perija. 'I’hc word ijcia/i is applied to 
any exudation from a tree, whilst percha or 
perija refers either to ihi; local name of the ftrtjo 
which was erroneously thought at first to furnish 
the product, or to the Malay name for Sumatra 
‘ Pulau percha.’ 

The introduction of gutta jiercha into 
commerce dates from 1843, when sjiecimens wore 
forwarded to London independently by two 
doctors resident in Singapoi'C, Dr. mlUara 
Montgomerie and J>r. .Jose J)’ Almeida, and tho 
remarkable properties of the material at once 
attracted alleytion. In 1847 the principal tree 
yielding gutta percha was described and named 
by Sir W. .1. Hooker, and in the same year Dr. 
Ernst Werner von Siemens employed the 
material for insulating underground telegraph 
wire.s. ^ 

Tlu? princij#i! trei's yielding gutta percha of 
the best quality are Palaquium Gutta, Burck, 
P. ohkingijohiim, Burck, and P. hornc£vnc, Burck. 
P. obl-ongifoliiim is conHidcred some botanista 
to be only a variety of P. Giiita; the oommon 
i name for both in tho Malay peninsula is Taban. 
• A number of other species of Palaquium furnish 
I gutta porcha of second quality, the chief of these 
I being P. obovatum. King (Taban putih), P. Afain* 
gayi. Kin g and Gamble (Taban simpoi), ftnd 
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oxle.yanum, ViQrro{]Jichopsis pustulaia, Hemsley), 
which is variouHly known as Taban sutra, Taban 
putib, and 'rai>au chaier in different parts of the 
Malay ponirisula, Payena Leerii (Hook, and 
Benin.); and 7*. Uavihmdi (King & Gamble), 
funii.sh the \vhit(! gutta pcrcha known as Getab 
Bundek or soondu*. 

There has been considerubh* confusion re¬ 
garding the botanical identity of the trees 
yielding gutta pcrcha, which has been inereused 
by the fact that tlio same native name i.s fre- 
(jiiently aj)phed to distinct B}j(;cies in different 
districts. 

Pahif/uiii/it Putid is a large forest tree whicli 
usually attains a Jieight of about (iO feet and has 
a straight cylindrical trunk. Tri'CB up to loO 
feet or more in hciglit and 4 to f> feet in diameter 
have been reciorded. Tiie tri'c is (easily recog¬ 
nised by its leaves, vliicli arc a beautiful coppery 
gold colour on Dm* under .surface and dark 
glossy green on tlio iijiper. Tliey vary (;(m- 
Hidcrably in size, the kaivea of inatun^ Irei's 
being aliout 2 iiudies long, wliereas those of 
young trees an? much lorigiu’. 

'rhe geograjilucal diKtribution of the trei's 
which furnish gutta perelia is cunously I’eslricted, 
as they only occur naturally in a small area 
corniirising the Hontlicrri i>ortion of the Malay 
}>enin8uia, Hinnatra, Banca, lloriK'o, (Celebes, 
tlu‘ fcjusu Islands, and tlu? rhilippines. 'ITie 
trees are not indigenous in Java but have beim 
introduced and are now Ix'ing cultivated 
there. 

The latex is contained in isolated sacs whieli 
occur chiedy iii tlie inner layers of the bark and 
also in the leaves. On nuiking incisions in the 
bark tho latex exudew and quickly eoagulatos, 
BO that only a small yield of gutta jiercha can be 
obtained at one tapping. Ju consequence of 
this fact the Malays hav(! adopted tho destructive 
method of felling the trees in order to collect the 
gutta pcrclia. 'J’hc tree is cut down and incisions 
extending right round tho ti'unk arc made at 
intervals of l> to 12 inches or even less, in the 
case of the best kinds of gutta pcrcha, the latex 
exudes into (he incisions wliere it quicldy coagu- 
latfs, and in about half an liour can bo rolled off' 
on a stick or scraped off with a knife. The 
latex of the inferior varieties doe.s not coagulate 
so rajiiilly; it is collected in vessels placed 
underneath the incisions, and is afterwards 
coagulated hy gentle heating. Tho gutta 
pcrcha is subsequently boiled in water and 
made into blocks of various shapes. 

The amount of gutta porcha obtained ]X‘r 
tree by the native method has been very variously 
stated, but it seems probable that the average 
return from 15 t() 20 year old trees is not above 
14 OZ8. Largo forest trees have, howev(?r, been 
knowm to yield over 2 lbs. of gutta porcha, and 
a tree 160 feet high, in the Philippines, is stated 
to have furnished 81 lbs. 

In view of the si'rious deslruetion of the 
trees w’hieh is involvi'd in the native method of 
obtaining flie gutta pcrclm, atUnupts are now 
lieing made in Perak and in Java ti> collect the 
product by tnpjiing the standing trees. The 
average yield by this method is not yet definitely 
determined, but in Perak a tree 59} inches in 
girth has yielded 1 lb. oz.'i. of gutta percha in 
21 tappings extending over 6 weeks. Gutta 
percha is also being extracted by moehanical 
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processes fr^mi the leaves of the trees. The 
older»methoda, involving the use of solvents, 
which were first employed for this purpose, have 
been abandoned, as it was found that the 
chemical treatment adversely affected the 
durability of the gutta percha when exposed to 
air and liglit. 

Gutha ])crcha resembles rubber in oonsisting 
essentially of a hydrocarbon, having the formula 
(C'iqHi^),^, associated with resinous substances, 
it differs videly, liovvcver, from rubber in its 
jihysical properties. At ordinary temperatures 
it IS hard -very tenacious, and cannot be stretched 
lik(' rubber. On immersion in hot water it 
becomes soft and plastu; so that it can bo 
readily moulded; on cooling, it retains tho 
shape given to it when .soft and becomes hard 
l)ut not brittle. When limited in the air, gutta 
jiereha dccomjioses and then take.s fire, burning 
with a luminous .smoky flame and giving off a 
cliaraeteristic odour re.senililing that of burning 
rubber. When Hiibmift.t'd to destructive dis¬ 
tillation, it yields a mixture of liquid hydro- 
earboiia, including isojnvne, similar to those 
obtained by the (lustiliation of caoutchouc. 

Gutta iiercha is not affected by weak mineral 
acids, strong hydrochloric or acetic acids, or 
slj’ong alkalis, but is readily attai'ked by strong 
nitric or suljiliuru; acid. It is })artially soluble 
in ether, alcohol, acetone, and cold petroleum 
spirit, w'hicli dissolve the resin ; and completely 
soluble m carbon disulpliide, chloroform, carbon 
totrnchloridi', and hot petroleum spirit. 

Tim hydrocarbon present in gutta ^.erclia, 
known aar^idfir, is the essential constituent anil 
exhibits in an cnlnincod degree tlic eliaracteiistic 
properties of tlie jx'oduct. When dissolved in 
chloroform and treated with chlorine, bromine, 
or iodine, gutta foi iiis addition products, with 
some evolution of the halogen acid; and by 
the action of nitrogen oxid(*H, nitrositea rosem- 
bUng tiiose obtained from caoutchouc arc 
formed. 

(Jutta percha slowly absorbs oxygen when 
exposed to air and liglit, and in the process the 
gutta IS corivertctl into a brittle resin. Gutta 
porcha is, however, not energetically attacked 
by ozone like caoutchouc, ffarrics has shown 
that if gutta is dissolved in chloroform and 
treated with ozone, an ozonido C]oHjjO« is 
formed which, when decomposed by steam, gives 
a mixture of Itevulie aldehyde and acid and 
luivuHc aldehyde peroxide like the corre¬ 
sponding ozonide prepared from caoutchouc, 
but in different proportions. Harries concludes 
that the hydrocarbons of rubber and gutta 
pcrcha are identical, both being jirobably ] : 6 
dimcthylc//rlc>octadiene (Ber. 1905, 38, 3985). 

The resinous bodies associated with the 
gutta are oxygenated substances. They were 
separated by l*ayen in 1852 into two portions : 
(J) a erystailine w’liito rosin, soluble in hot but 
insoluble in cold alcohol, which he named 
allxinv ", and (2) an amorplmu.s yellow resin, 
soluble in cold alcohol, which he named fiuavih. 
It seems probable from recant investigations 
that'. thi'Hc substances are mixtures and not 
single compounds. In 1892 Oesterlo dis- 
covei'cd in gutta percha a fourth constituent, 
which be named gutiane and found to contain 
0 86*4 p.c. and 12*0 p.o. For information 
on the compoBitiun and ^eiuical properties of 
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gutta peroha see papers by Ramsay, Chick, and 
Oollingridge, and by Caspari in J. Soc. Chom. 
Ind. 1902, 21, 1307; 1905, 24, 1274. 

In the analysis of crude gutta percha, it is 
customary to determine the moisture, the resin, 
the gutta, and the insoluble matter (dirt). The 
moisture is usually determined by heating a 
weighed quantity in an air or water oven, or 
tn vacu6,•until no further Joss in weight occurs ; 
sometimes the water given off is collected and j 
weighed. 'J’ho resins are determined by cxtrac- , 
tiun with hot acetone in a Soxhlet a^Jparatus, ; 
or by ether or petroleum spirit in the cold ; the 
.solvent is distilled off and the resin ^mghed. 

Variety of Kntt;,a perelia j Ilotnriicnl sofirco 

■ .. l' ' .. 

Getah taban morah ^ [ Palaquimn, (i)ii(a . 

Getah taban ])utih . ; ITneertain 
Geiah tiiban chiiier . j „ . . 

Getah sinipor . . J*aJn<iin'um Mai}igaf/i 

Getah taban Hutm^ . ; iMoiujifolunn 

Getah Biin<lek* , j Ptijfcnu f.crrii 

^ (Uituiiiod by tu])iiiaK stiuiilint; trues. 

The commercial brands of gutta jiercha vary 
very considerably in cuinjiosition and quality. 
They are usually flosign.aied by tlic naiiios of 
the countries in wlii<-li th(‘y are produced or of 
the ports from whicli they are sliipjied. Obacli 
has classified the 12 jinu'cipal brands into fovir 
groups as follows :— 

1 First quality—genuine fnun P. Oitlia or 
(Alongifoliurn and allietl species : (1) Pahang from 
the Malay peninsula, (2) Hulongan red, and (3) 
Banjer red from Borneo ; 

If. Second quality—Soondie from Paycna 
spp. : (4) Bagan goolie soondie, (5) Goolie rod 
soondie, both from liorneo, and ((>) Scrapong 
goolie soondie from Kumatra ; 

HI. Third quality—white, botanical source 
not definitely known ; (7) Bulongan white, (8) 
Mixed white, (9) Banjer white, all from Borneo ; 

IV. Fourth quality—mixed and reboilod : 
(10) Sarawak mixed, (11) I’adang roboilocl, and 
(12) Banca rebuiicd. 

Obach has given the average results of 571 
analyses of these varieties, rejircsonting 2282 
tons of raw' gutta percha (.see Cantor Lectures on 
Gutta Percha, published by the Society of Arts, 
Appendix v. 90-92). The figures for the 
genuine varieties may be given for comparison 
with those recorded above :— 



Quantity 
repie- 
Hented by 
analyses 

Percentage composition 


Lots Ton'< 

Gvilta 

Resin Dirt Water 

Pahang 
Bolongan red 
Banjer red . 

93 233 
37 60 

9i 1232 

i , 

57-0 

51’^ 

40-7 

13-3 11-5 
18-2 10-8 
20-0'17-4 

18-2 

I9;2 

21^ 


The treatment which crude gutta mreha 
undergoes in the factory previou^to its teolinioal 
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The residue loft after removal of the resin is 
treated with chloroform which dissolves the 
gutta leaving the insoluble matter; the latter is 
removed by filtration, washed with chloroform, 
dried, and weighed. The gutta may bo weighed 
after distilling off the chhiroform, or it may be 
jirecipitatcd from the chloroform solution by 
the addition of alcohol and then dried and 
weighed. 

The compitsition of several representative 
spccimons of gutta perch.i, derived from trees 
belonging to a singlt! Hpoedos, wdiich have been 
examined at the Inqierial Institute, and by 
Gbach, i.s given in the following table:— 


(lutta 

JtL'Sin : 

J >irt 

.Molnturc 

j Ash 

7()-(i 

13-9 

0-7 

14-8 

i 0-95 

68-3 

13-4 

8-1 

10-2 

i 0*89 


49-5 

"•4 

7-5 

S 0*72 

r)2’(i 

43-4 ! 

3-4 

1-2 

i l()l 

44-9 

iryr> i 

8-4 

I-2 

i 213 

84*3 

10-7 

3-7 

1'3 

i ' — 

43*9 

37'(» 

5-1 

13-4 

— 


Analyses )iy Obadi 


use may h(* biiefly dosoribed. 1'ho lumps, after 
slicing if necessary, are softened by immersion 
in hot water and uie then fieed from impurities 
by tri'atmoiit in a wasliing maoliine with hot 
water. I’lic waahed gutta perciia while still 
soft is furectl by pri'ssure through wire gauze in 
order to removi* any solid impurities which have 
not been oliminuted in tlio w'asliing prooess. 
Tiio strained jirorluot is usually rowashod and 
is thou transferred to the masticator or kneading 
machine, where the mechanically enclosed water 
and air are eliminated and the material i-onderod 
lioinogeneoiw. It is afterwards passed through 
a rolling mill and formed into sheets from ^ to 
^ inch thick, which arc cut into oonvenient 
lengths and stored in cellars until required for 
use. If it is desired to mix various kinds of 
gutta percha in order to obtain a product 
of a required eompoaition, or to ineorpoiwto 
pigments, &c., the operation is conducted 
by means of a mixing machine fitted with 
specially shaped rollers which can be heated by 
steam. 

In certain cases the crude gutta percha is 
washed with a hot 5 p.c, solution of sodium 
hydroxide in /irder to imjirove the colour. After 
treatment in this way, the product must be 
thoroughly washed with water to remove all 
trace of alkali. 

The loss whifth results on cleaning raw gutta 
percha [i.e. the quantity of dirt and water 
present) is considerable, usually amounting to 
from 3(i to 40 p.c. and sometimes to as muon as 
60 p.c. 

For H»L*e purnofcs a very hard gutta peroha 
is required, and tnis can be obtained by removing 
the resin from the ordinary material by extrac¬ 
tion with solvents. 

The physical and mechanical properties of 
gutta peroha depend very largely on the propor¬ 
tions of gutta and resin present. Thus the 
temperature at which it softens; the time re¬ 
quired to harden on cooling; the tensile 
strength; and the degree of elongation before 





GOTTA PERCHA. 


breaking firf" ull rclu1<‘fl t<> tlir value i>i the ratio 
Kiitta : reMiii. 

'l'hf‘ ('l.vitir.il j.rnjMrtM^s, i.r. (he inmiltttion 
reHiKtiiiief, llie ('(i|»a(i(y alu! the fli- 

(•h'cfri' ,sltrii,'tli. i>inui[)ally on the 

niiliiif <-l III' eiitia hm'I on tic iitnouni of water 
pir^elil, .111(1 Hli' iitTfrled VtTV little hy the 
roinoMil of til'- I'-MII (l-'or (l.-teiMiin.itions o! 

l),r elc 111 . ;il |.lo],. it n ^ o| ^Mltta |>ei( ha. 

1 Ilia li. I ' i.J l.o ) 

(iutta p'M ti.i i-". euiploXfil li-r a \iiiiet\ ..f 
|iUIpO-<.-l. Ill' I fiH f of whieii JIM' 111'' lll'lll.ltlon of 
unhniiiMte' (ahleH, .uel lie' iiiaiiuf-icture ol the 
(•'•\cri of ^.'olt liiill-' 

Till- .iiuoiiiit '.| oiil t.L I'l M lia u 111' li li.i-i I" ’ II 
iisi-.i 111 Ih-' i.ihl. imiiMtiN loiin-^ II ve!\ l.noo 
jicM eilta'.'.' of tin lol.il '■oiisuiiijitioii It wav 

Hl!lt''(l hv ' 'i.a' h that of the D.'XVA tona of i.iu 
(iiitta n< M liii liv.'ii m tie I iiilc'l Kint'iioMi tiom 
!K|;> li. al I' Mvl two iIiimIv. ali'l j.l'.luiliK 

iiioie, h.ol I'c II uhli'i'd |oi I 1 .'.1111,11 jaiipovv 
The ^iiKa [" n ha ' in|-h.\r,! jop i atih' iimmi 
fill I me lian to he ''['e. lall\- lei le.l loj the ))UI - 
a, the iiiMil.iliiu' [M.wei of the (lilhieni 
( oiiiiup'ii'iai hrailifv \aiiev ellol !iioiiv|_\ 

Tlie trull a pi |( h.'l tisi || foi 1 lie I . I\el-I of Jjolf 

ImI/s (h haiilr'no'f f'V M'IMo^.iI ,.l iJie lesin in 
omIi'I to M'Mih 1 it '' toiii/h and elnsln av po vvdile. 

(dlHa fieielia m alfio tiUhsol fol \h'- lltattU' 
t,utme of dn\tiiL: \ii\'v. no;;'’, \a\si«,\i . (.a 
/ano/'s ,ind h\dian)ii /i/ewi'H . lioot soles, 

tnhe>,, !nuue\s. \ioU\es. IwnUet-.. i . fov \ise 
Ml/// .7(7f/ lniiiii}-^. }"t ( e/ne/ds/M/i h H'* < 'li.ilU i 
tnu'i' (omp'iiindt, fol tal\iie.,r (a''(s, and for 
hiiM'iial .Old main ottnn imiior laiipoKt's 

II. 11 . 

GMNMlWt., GGNhtOU'S'E. i. .Nia.i \ ... v. 
GUY/ICAN. f my«/, t d is( h, 

u KluwW \m' ot da t.innly I opnioiiooi yiowuit' 
in AJ'i,'entiii.’i, xiiMni^ .seed jiod.H used iomlly a- 
fnnntn^ /l^'■^7J/,s' (luywnti /i’seni/»^'s (//i/d/ti. 
Its t/miiin ^ntes' n hint' hlat'k coloui y\tlh //'o/i- 
filurn, iitui no /)fce//K(/ife u/f/i /tronnue H/ifer. 
Jt ^’■jvr.s It jui/e \'(iilou /i'(t(iier, soft, /intf 

jdiahle. 

GYNOCARDIC ACID. A tenn iipitlied to ■ 
the acids oontaiiicd in llie oil e.'cprcHsed the ! 
seeds of (hinoai)uft<f odiiiola. KiToiKtoiiBly con¬ 
sidered ns identical Mith eliaulmooura oil {rj. 
^^)^^■er and (loinall. (')iem. Soe. d'liin.s. 1004, 8.>, 
HIkS). 

GYNOCARDIN e. (d.vcosinivs. 

GYNOVAL V. Si'N'i'UF.rK' DKlHiS. 

GYPSUM (Fr. ; (ler. Oi/ps; ital. 

OeMo). A ronimon mineral eomposed of 
hydrated calcium sulphate (hiSO 4 , 2 Kj 0 , cry- 
HtallisinK in the monoelinic system. Tho name 
sdenite is sometimes a})plie(l to .+ho clear crystal¬ 
lised variety, sattii-sjxir to the finely fibrous 
variety, and alalxistcr {fj.v.) to a compacl, marble- 
like variety used for carving. The low degree 
of hardness (No. 2 on the scale) is a very charao- 
toristic feature: the mineral can Ije readily 
scratched with the finger nail, t Sfi.gr. 2‘32. Tlie 
mineral is usually white, but sometimes greyish, 
yellowish, or reddish; and the glistening 
eleavage surfaces arc usually conspicuous on a 
broken suHace, The crystals possess a highly 
gerfeot cleavage in one 'direction parallel to the 
nbine of symmetry; on the smooth, bright 
.cleavage siirfaees tlio lustre is pearly, and 
coloured bands (Newton’s rings) are often to be 


seen. Cleavape flakes are flexible but not 
clastic (thus differing from mica), and when 
bent a fibrous cleavage is developed parallel 
to the faces of a jiyrariud : this fibrous cleavage 
is seen ii.s silky stiiations on the principal 
cleavag''. and is ji very eharacteristic feature of 
L'ypsnm. 

SiiiL'li- (rvstjiis of gy])aum, with a rhomb- 
shaped oulhiie. aie of common occurrence, em- 
firddcd m Fine groups of wnter-clcar 

iiVHtal.s aic found in tlic Hulpfiur niincH of 
,si( liv. lilt' s.ilt mines of Hex iii Switzerland, and 
.i( niaiii' othci I<'( alilics. Knornious erystflis, a 
\jiiil in^i'iiglh. hav<- been found in a cave in 
W.isnc I t.ili \'juious types of twinned 

(lAsi.ilv nil Ilf (•imimon occuirmice. Tlie 
di'jinviiv Ilf in.ivMvc gyjisuin, such as are mined 
fill (•( iiihiiiuc jmrposcH, oieur as tliick beds and 
ii'.diil.i! in.tsM'v in sc'limciitfiiy rocks of varioUH 
ccnlngu'.it pcii'.ilv Those of tlic mnllaiid.s of 
I'jigiand aic imIciIh dded with tin* led niailH 
and ,s,ind'ti'ii''v o) Timssic age; thow workial 
iiiMi' Ikittlc. in Sussex, ln'iong to tlie later 
Ihllla-ek bed.v : imuiy of tlie de])OSlts of th(^ 
riiited iSlate.s nie of Fal.iozoic (iSiluriaii, 
|le\oni.iii. and (’.ir/ioinferouv) age; wliilst tlie 
inij'orljiMl dcpovifs Ml the I'.iiis liaHlri. arc of 
Tcrtiarv (Koceni' and (digoeene) age. These 
mote eWeuMM' i\c\>oHitH ol gypsum have been 

lonned l>x the » v.vpor.itiou of w.itei in inland 
lakes iiiiii seas, and tiiey aie often aKSoeiatod 
with beds oi rolls salt 'riw- mineral Iuik. liow- 
eie/', ill ni>iii\ < a.ses o/jgi/nifed hy Ilic ucisatt ol 
wafr’i (orifanung Mi/plumc mn/ nnd so/nb/e 
sulphide-. IpM'duii'd hs’ the \M idhcring ol iron- 

jui'ilis ,'iml iitlicr .vi:l;i/ii((i's',l nil (iiiicsluni' anil 

'i\\w'\ I ail.meows vovW. \\ \s 'a\*so tovuw’d 

Die action of N ih.itin Mipoiiiv on the surround- 
in;' M'( Ls 

'i'lie output of g\psutn m Kiigland amounlH 
(o a/>onf a t/narft'r of a million (oils j>cr annum ; 
aboi/f hai/ uf tinn amount, is mined in Notting- 
JiiiinN/iire, eimsiflerahlc Quantities in Stafford- 
.siiire, Nusse.x, and riinibcrlaiKl, and loss in 
Dei'hyshirc, Yoikshire, Westmoreland, and 
Somersetshire. 'I’lie value ranges from 6 to 10 
shillings ]ier ton. In France, thO/ output 
reaches 1J million tons per annum, and about 
the same amount is produced in the United 
States. Nova Scotia and New Brunswick are 
ajso large jiroducers. The French gypsum is 
remarkable in containing some admixed calcium 
carbonate, and soluble silica, and for this reason 
it makes a harder plaster. 

The principal use of gypsum is for the manu¬ 
facture of plaster of Pari.s, stucco, and various 
kinds of wall-jilaaters and cements. Hence the 
popular name ‘ plaslcr-stonc.' The employment 
of plaster of Paris for making the moulds in the 
potteries has given rise to the name '■potter's 
si07ie ’ for gypsum. In the tin-plate industry 
gypsum is used for polishing the plates; and 
it is added to water to give permanent hardncM 
in brew’ing. Tho coarser grades of material are 
used as fertilizers (land plaster). Alabast^^r is 
used for carvings for inside decorations; and 
satin-spar is cut as beads and other small 
personal omamonts. Under the names ‘ terra 
alba,’ ‘ annaline,’ and ‘ satinitc,’ ground gypsum 
is used for adulterating paints and as a mineral 
loading in the manufacture of paper (v. 
Calcium). ^ 



HALITE OR ROCK-SALT. 
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Br/frenfrA. —E. C. Eckel, CVinents, Limos, 
end riasters, 2nd ed. New York. 10()7. R. W. 
Stonea, iJypauin Products. th<>ir l’re|)AmtioiuiiHi 
Usoa, U.S. Bun'au of Mines. 191M, Technical 
Papor loo. !>. (', Wmteiholloin. (iyp.sum and 
Plastered Pans, Dept, of (’hetn. South Ausiraiia. 
1017, Bull. Ni». 7. Special Pc|)ort.s on (lie 
Mineral Ili-simncs of (Jrcat Britain. Mimu (o-oI. 
Survey, vol ni. 2ml cc) IPJ S (: I .Vdnm-and 
others, (Ivpsuni De'po.-iits of i)ic I'niicd States, 
Bui!. II. S. (d*!)! Smvcv. PKiJ. \o W. K. 

.lennison. KcjmhI on llic (i\|oiini |)rj)osi(^ ot 
the .Mantunc Pioviiu'cs. t'.uiada, itept. Mim--,, 
1011, Put). No. si L.e.r. S 

GYROPHORIC ACID 


Vmbiliraria pmiultUn (Hoffm.), Offrophora vellm 
|(IJnn.) Ach.I. (hjrophora Apodochroa BEbrh.) 
Ach. ] an<l other lichens. Jt orystollims in 
needles from ether or dihito alcohol, 
ineltlnK at 202 with <leei»in|M)flition. \>ry 
easily soluhle in neetone ntul alcohol. The 
alcoliolic Huhition has an aeui rea<‘ti«:*n, and givoa 
a \ lolet < olour With ferric cliloriile. Is soiublfl 
ill alkah to a yi'lloa sohiton ; Ixnlinf; luadie acid 
c<in\ertH il into oiscllinic aciil and lioilinR 
al'otiol Milo onseilinie acid and its I'thyl ostor 
(SIcnlioiiM-. Aiiimlcn. 7t>. 2I.S; JIcshc, J. pr. 
<1icm. 111.) oS. lo'.; Ii2. B'»L‘. i>;$. r>22 ; tiH, 1; 
Zoj)f. Aiiiialcn, :{22, ;ti7, ilO; 

Bits. ;;4n, 2 Tti; ;ut;, h2i. 
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“ H " ACID. S nai'lilhol :■ ; fi- licvulis Ix liiLi u-x-d an an on- of iron, lia-nirt- 

rliBUlphonic acid. Iiti-, in il'. tnirdci. i ohijiik t muicIics. i.s u.scd, to 

HAARLEM BLUE. Anhrup hint r. Pm a /milled c.\t<’ii(. us a ^iinn sloiic, iiiul it uiis the 
MJi.vTs. iii.iti'i'ial •■iiip|n\i'd (or sonic of tliu ancient 

HiEMATEIN c. J .oowooj'. Ba!•>loni.i 1 / <\imdci HoaB, Tin- j)enci/-ore uf 

H^MATIN r'. Hi.oul). ( uinliciland i-- cut and pohnlicd f< >r iMounlui)i; on 

HEMATITE ot HEMATITE. A miiuiui Hiailjiins, c , anil |oi‘ tin- Ininushmg tools 

oonsint iii^ of fci-nc n-tclo i I-'i _,U ,i. i i j>l.iUismn in tc-od li_\ p w* lli is luel l)o>ili!iinilci». OehrtniUH 
the rhoinholiedl'iil system, and an important \ailclics an- used as a polishing; niateriiil, and 
(JR* of iron (Id-, 70 p,( I .\'<oidi!in to whether ' foi makin;: icil paml ami red jicncils. 

it JS t J_\ rtf.dll.Hi'ij. jiM.s.n*. o; c.i/lin, Il iHlir-i L. N. 

eoMs/de/vi/j/y in i‘\U-in.\l a/j/ica/vmcc hi nil HXMATOGEN^ H/EMOL. 'Ciade uameR f<*T 

ClvHeR, \\>iv.cscv. \.\\e muicnd v'M's ,1 ( har.n W-l 1 st ii ,d}ai miiMl«-< of jioti }im> d in tin fi<*itmciU of 

ijM/um.di fed Mi/e.ik or pondt'r; ii/id il is on iiiia'iniii. 

iioimint, of tins (i>lou\ < tix.wt v>i dnvd H/EWATOXYLIN DoilNMioi). 

blood) l\Mit tbi o>iivcs its name lie H/EMOGLOBIN /. iii,ooii, 

llliltitc, llicaniii!;. mi linrl., , HAJD/N(!ERirE - < i. v 


S[J^I'. of the r -fills IS .i 2. but of tlic coiiijjacl 
niul eartliy \ariclies it ma\ be us low us t 2 ; , f 
hardness 0 (except in Liu* soft, euilhy vancUes). ; ' 
The crystals are iron-blsu'k with a hnlliant \ 
uiGtallic lustre, and they vary Iroiii rhumbo- ^ 
hedral to tabular in habit. This variety is i 
distinguished as iron-r/lana', or fipixalar iron ; or, 1 
when the crystals are tliln and scaly, as micar.f'onn 
iTon-ore. The compact varieties are distinguished | 
as red iron-ort' or red fKEmatilc. These somctiincN 
exhibit a fibrous or columnar strucluro and a 
nodular surfjice, being then known as kidney- 
iron-ore ; or, w'hon the fibrous structure is so i 
marked that the mineral breaks into rods, as I 
pencil-orc. In these eases the material is oftijir 
dark-red with a dull surface, but sometimes it 
may be iron-black with a sub-metallic to inetaUie 
lustre. Eartliy, ochreous varieties are brighter 
red in colour, and are often mixed with elay and 
other impurities ; these are known as reddle, 
ruddle, and red iron-froth. 

Hfematitc occurs under a variety of condi¬ 
tions. The beat crystals are found in connec¬ 
tion w'ith metamorphic silicate rooks and in 
mineral-veins; whilst the c.xtensive masses of 
red Lron-ore occur as bedded deposits in sedi¬ 
mentary rocks, often in association with lime¬ 
stone. The deposits on the east coast of the 
island of Elba, which have been extensi-^ely 
worked since the time of the Romans, consist 
of specular iron ; whilst those of west Cumber¬ 
land and north Lancashire, filling largo irregular 
caTities In limestone, consist o^^^ iron-ore and 
kidney-iron-ore. 


HALFA. dfjb, nli't. Arubie name for .Sliiwi 
(imriJixiuai ll.inn,'); i-Hpi-iiaWy appYwd Vo tW 
i''.a\iui'to from Aliena. 

HAUTE OT ROCK-SALT (Fr. Set ycmmft-, 
(lor. .SiMu'.salt’). Sodium cblondo NaCi, crystaL 
liscd in tb(5 cubic system. Although known as 
a mineral since remote times and of very wide 
di.Htribution, the imnie halite (from SXs, salt) 
is ('iimparativnly recent (JC. E. (Ilocker, 18»7). 
Well-developed ciystals witli the form of simple 
j cubes arc not uncommon, but those of octa- 
' hedral liabit nn* quite rare. The faces of the 
eiilio sometimes sliow sunken depressions, 
though not so marked as in the hoppcr-shaporl 
ery.stals produced artificially. Small square 
I pits or etched figures are readily produced on 
I tlio cube faces by solution. Silky, fibrous 
masses also occur. But most frequently the 
mineral is found as gianular or sparry masses 
with bright /Cleavage surfaces. This perfect 
cleavage, parallel to the faces of the cube, is an 
important character. In addition, the crystals 
sometimes break along surface^i (glide-planes) 
parallel to the rhombic-dodccahedron. This 
effect is, howcjcr, secondary, and is oniy pro¬ 
duced after the crystal has been subjected to 
pressure, either naturally by earth moyements 
or by artiOcial means. If a cleavage cube of 
salt DO placed diagonally in a vice so that two 
cube e<^e8 are held by the jaws, it can be 
broken in this direction. The plastic deforma¬ 
tion of rock-salt and the porcuseion-fignre (a 
four-rayed star with the rays parallel to the 
diagonals of the cube f4oe, which is prodoced 
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on a clpavago Hvirfju'f* hy a aniari blow with a , 
blunt point) also <h*|)<jiul on llu* ijnwnce of 
those planes of iilnliuj'. 

(hystain lire UHUuliy rolouiless and trans¬ 
parent. blit orcasioiiiilly tlicy an; of a deep blue 
or MiiU'i (oloiii. 'riiiH Colour disapjicarH whiin 
the Halt H dissohrd m water or wla-n heated; 
and il eao in |iiiK!uccd Jiilitii lallv bv the 
vajiour' of all^rili tnol.il.i nr li\ tlie ai't'on of 
eaihotb' m r.niniin t.iV'. It has l»‘cii \jmoiisl\' 
aHi'ribecl In tin- jiiiM'iKe ii| niet.illin hinlllltll. 
KUbeldoi’Mir Na.i’l, siilplinr. nf as an nptii'a! 
effect piodiKed li\ 1 1nn oa\ j1 n-s Sp L'i of purr 
crysluls, 2 17. il 2L Sprc-ilin li.-at, (i-2l!) 
The jninetal is a imn eiaidiietni nf eh'i tm ity and 
is Inylily dialli<‘rinaiiniis h is tlicrefnre used 
as blneks iind !i iisr.s fnr e\|)erinients on radiant 
heat. Tlie ln'sl <-i \ st.illised rnalciial is obtained 
from Slassliirl in l“itissia, anr! from W'leli-/ka 
and K.'iius/, m I'ol.uid ; jinnil, (Icai clravai.n' 
blocks )ia\c been fnimd at Mca<lnu laink m 
rficsblie. riv-lab aic \cI^ iicaiK pure; 
hodmm <ij'nin!c, and mixed (i\-.s1ab udh 
pnlasMiim I Idnrnlc (s\i\ilc) do md o(cur. . 
Massivi' m.il<-n.d coiilaiiiN im|midies of vanmi.s 
kinds (a Soon \i < iti.oifini) A \ anel v Know n ' 
as /nntiiiii }im<h, rniilaimnj.:; AuCl 11 pc. ih : 
Iniimi as Hrmill cnbc.s at. llii.intajaya iii‘ur ' 
'i'aiajiaca in ('Inli 

Kock sail I- most licijiicntlv found ms laaldeii 
dcpiiMts III ,scdiniciit,u\ Ml ks. MU'li as K.indstom'. ' 
sliale. ila\'. and Ics.j often iiim stone, ami is' 
fris|U<iitly associated with beds of ^'vpMim and 
anlivdnte. ami snimdimes wdh petroleum. 
Nm-li depnaits ha\i i Mdeiitl\ lieen fnrimal mi 
inland hc.is and l.il es nmlei desiit enmiitmns;: 
Ihct iue ol w.irld wide diHlnluition and are met ; 
witll 111 foimatmiis of all ^nmlo^riciil ))et'iod.s, an ■ 
indicated below ' 


Gcoioslcnl 

formations 


'I'naHsic; conid. 
Hunter 


('ai lioni j^'i-oiis 1 


Devonian 


('.imlii 


Sihdninj'en in lirunswick, 
Amsluill in 'Phuringift. 

Stu.ssfurl, Halle, &c., in Prus¬ 
sian Saxony, Artem in 
'I'huringid. Sjierenlierg near 
Itei'lin, SogebiTg in Holstein, 
Innwrazlaw in J’osen, Oren¬ 
burg in Ra,s.siH, Kansas. 
‘Tiiisylvarna. t'lrginia, West 
\ irginia, Michigan, Ohio, 
New Hnmsxvick,NovaScotia. 

Wi'stphalia. Haltic provinces of 
Russia, Mibei'ia. ('liina. 

New York, Michigan, Ohio, 
Ontario. 

Sait Range in Punjah. 


M'liiiigleid 

(nniiiUldti- 


biiealilii'f 


Recent . 

Dead Sea. Ua.^pian Sivi. (Ireat 
Salt l.iikc of Utah, ('alifornia, 
Ac. 

\'oltorrn in ’ruseany. Parajd 
ui TninsyUama. 

Pllol'cne 

Mioeciu' 

Wii’liczkaand Kalu.sz in Poland. 
Bukovina, Minglanilla in 
Sjiain. 

Oligocene 

Fast Cl lit'urpat hums inTrnn.syl 
Vania, Wittelshcim in Alsace. 

Eocene . 

t'urdonu near Harcclnnu, ('au- 
caHU.H, Roumanui. 

Urctaeo'ius 

Unna in Westjdialia. Medea in 
Algeria, 'IN^xas, LouiHiana, 
Feru. cl 

JurasHic 

Triassic— 

Bex in Switzerland, Rodenhurg 
in Hesse Nassau, l^eru. 

Keuper 

(’lioshire, WurceslerMhire, Lan¬ 
cashire, iiorlh-oostv York¬ 
shire. Durlmhi, Isle of Man, 
Antrim, Pyrenees, l.auTaine, 
tVUe in Hanover, Berchte-s- 
gadon in Bavaria, Hall in 
Tyrol, Halloin in Salzburg. 
Tschl and Hallstatt in Up])or 
Austria. Aussee in Styria. 

Musrhelkttlk 

Frieilrichahall in Wurttembt^rg, 
Ernsthall in Thuringia. 


in adddmn to I.Ir-sc iasided deposits of roek- 
Hall, whicli arr the only dcposit.s of e<*onoinic 
iniporlanee (e. Suiui m ciiLnitiiir;). mention may 
be made hci’i' of .some id-her ruodi's of occurrence. 
'I’lie miero.scoiiic cavities present in vast numbora 
111 till' (|uartz of granitic igiiemis rocks often 
contain iiiimite eulies of halite together with 
water and luiind carbon dioxide. Tlie saline 
encrustations of aidivi’ volcanoes (r </. VesuviuR), 
pmdueed Mtlicr liy diieit sulilimation or by the 
action of acid vapouis on the scoria, contain 
sodium and potassium chlorides, usually in a 
powileiy form, Imt oeeiisionally as distinct crystals 
j of Indite and sylvite. 

yff/i ;v7irM --Foi a detailed of the 

^ inineralogieal eharaeters and oeeurrence nf 
: liiilile. e ('. Ifintzc, llandbuch der Mincralogie, 
liCipsug, 11)11, vol. i. ]»p. 1()I-2;H; on the 
dejiosits worked eomnicreially. v J. 0. von 
Hufichnian, Das »Salz, dessen Vorkomnien und 
Vci’wcrlung in twmtliehen Staaten dor Erde, 
2 vols. Leipzig, A, F. Calvert, Salt in 

t'heshire, London, IDIT). D. ,J. y. 

HALLOYSTTE. An unorystalhsed clay- 
mineral with approximately the composition of 
kaolmite (f/.r.) hut cuutiiining rather more 
wat(T (ahnut 11) p.o.). It forms compact masses 
with a slight greasy feel and lustre, and may be 
w lute, grey, or shades of variou.s colours ; sp.gr. 
2-(t ■2’2 ; if. 1-2. It oe<‘ur8 as l)eds in B^men- 
tarv rocks and as nias.so8 in mineral-veins, and 
has sometimes been observed as a docompoai- 
turn product of granite and other nK-ks con¬ 
taining felajwr. Possibly the minute amor- 
])hous granules of china-clay and some other 
clays may be referable to this species. (See H. 
Rie.s, Clays, their Occurrence, Proporties, and 
Uses, 2nd ed. lOOS.) L. J. S. 

hXuEFUNTA r. Hokns rosE. 

HALOGEN. A term originally applied by 
Berzelius to the group of non-oiygonated eleotro- 
negative radicles, simple and compound, which 
combmo with metals to form salt* known aa 
hiloid saltH. Usually restricted to the four 
elcMionte—Eluoriae, (‘hlorine, Bromine, and 
Iodine. 

HALOGEN ACSnC ACIDS. Derivatives of 
acetic acid in which the hydrogen of the methyl 
group is partly dr wholly repla^ by a NHfftn. 
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CuLOEOACiCTIO AciDS. 

lloiioehloruMUo i«td CH,C1C00H. J»re. 

by paasing chlorine into acetic acid alone 
(Hoffmann, Annalen, 102, 1), or in the presence 
of iodine (Muller, ibid. l.‘W, !.">(}). sulphur (Auger 
and B6faal, Bull. Soc. dura. [lii.J 2, 145), or rtnl 
phosphorus (Kussanow, J. Ruas. Pliya ('hcni. 
bw. 23, 222); by the a<-tion of dilonne on iioetvl i 
chloride in the jjresencc of iodine (JazukowiUcii ' 
Zeitech. Chem. 1808, 234); by the mUnaetjon I 
of chlorine, glacial acctiu add, and acetic anliy- [ 
dride at 1(M)^ (Hentsdid, Her. 1884, 17, 1280) ; | 
together with acetyl chloride by the ai’tion of { 
chlorine on acetic anhvdride ut lo6’ (t.'al, ! 
Annalen, 122, 374); by the interaction of 
ethylene and chlormo jieroxidc (Purnt, ibxi 
20(), 78) ; by heating liiehloroethylene yifh 
sulphuric acid contaming a small amount of 
watc-r (Simon ami Clmvaime, I'.S. Pat. 1304108 ; i 
J. Soc. ('hem. Ind. 1010, 3.'>, .'i.yU). ’ i 

Oystalhses m two imxlitication.s. a- pnsins, ; 
in.ji.fd'H'; jilati-.s, ni.j). 5(i-oi . By evajiorat- ‘ 
ing an aijneous solution or by melting the hoIhI 
Hubstanee, the /i- inodilication ih produci'd ; this 
changes to the a- form on the mldition of a 
crystal of tlu‘ latter (PtcUenng, ('hem. Soc. 
Trans. 1805. b(i5. li7U ; r/. Tollciis, Ber. 1884, 
17, 1)05; Tanatar, J. Kuss. Phvs. (!hoin. Soc. ! 
24, 004); b.p. 185 187 , 104‘-10.V720 mm ! 
(Sudborough and Moyd. (’Iiem. Soc. Trans, i 
1800, 470); sp.gr. P3078 at 04 5 ; hydrulcH | 
(CollcH, Jim/. 1252); heat of solution! 

(Piekering, l.v. ■ Luguiin, Aim. Chim. Phys. (v.| ' 
17, 251; 'J'anatar, /r.); heat of combuHtion 
171'0 Cals. (Berthelot, itn/. [vi.J 28, 507); 
electrical oonductivity (K.(U’Lnght, Amer. (Iiem. 

J. 18, 308); magnetic rotation (Perkin, (’hem. 
Soc. 'J’raiLs. 1890, 1230); estentieation eun.stant 
(Sudborough and Lloyd, l.c .; r/. Lichty, Amer. 
Cheiu. J. 1895, 17, 27 ; 1890. 18, 59(i). Readily 
Bolublo in cold water, but on heating the Bolutioti 
dccompoHCM into hydrochloric and glycollic acids 
(Buchanan, Ber. 1871, 4, 340, 803; Thomson, 
Annalen, 200, 75; Bovan, Proc. (.famb. Phil. 
Soc. 1900, 13, 209 ; Senter, (’hem. Soc. Trans. 
liW7, 400). AletuUic hyilroxides of the type 
R'OH decomjvoae it, yielding glycollic aciil, 
whilst those of the tyijc R"(()ll )5 yield diglycollic 
acid (Schreilier, J. pr. (Jhem. [u.j 13, :i40). By 
heating salta of chloroacotifi acid with water in a 
oealod tube glycollic acid is produced (Kastlc, 
Amer. Chom. J. 1802, 14, o8(i; Kastloand Keiser, 
1893, 15, 471 ; cj. Euler, Ber.‘ 1900, 39, 
2726). On distilling the acid m tneud with 
phosphorus pentoxidc, the anhydride 

(CHjCK?OC))a(4 

is produced, whilst by di.stilling the acid through 
a heated tube, carbon monoxide, hydrogen 
chloride, .jyw-dichloromothyl ether and trioxy- 
methylene are the products (Urassi-CristalcU, 
Gozx. chim. ital. 27, ii. 502). On heating with 
*4 parts of phosphorus i>cntachloride, it yields 
carbon tetrachloride and other products (.Vlichacl, 

J. pr. Chera. [iij 35, 96); with ammonia glycine 
is p^uced. By interaction with sodium 
anipkide and sulphur in alkaline solution a 
ditaio^ycoilic acid is produc^'d, which on reduc¬ 
tion, yields thioglycuUic acid (Kaile A Co 
D, B. P. 180876; Chem. Soc. Abstr. 1907, i. 
lOM). By the ebctrolysia of the potassium 
nk aoetio acid, carbon aioxide%nd chlorine are 
V«* lU.—T. 
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formed, hydropn not being evolved until the 
potassium salt is uommetely deoompused 
(Lassar Cohn, Annalen, 261, 336; r/. Bunge, J. 
Kuss. Phys. Chom. Soc. 24, 690). By heating 
the dry ailver salt, silver chloride and glyoollidu 
arc produced (Beckurts and Otto, Ber. 1884, 14, 
576). The sodium suit or the ethyl ester react 
with potassium cyanide to yield the correspond- 
ing derivatives of eyaimeo'tie acid (Phelps and 
Tillotson, Amer. d. Sei. IIKW, [iv.] 26, 267, 276). 
For inUTnctiou with tiTtiary ammos to yield 
botuincs. V. R{utzcnsU‘m, Annalen, 1903, *320, 
305 ; witli aniline, v. \’alkV*, Bull. Soc. ohlm. 
1(K).), jui.} 33, 966; with fiydroxylamine, r. 
Rivals. ('oiu})t. n-nd. 1896, i22, 1489; with 
thiocyuiue aeid or it« Kults, r. Nonckl, J. jjr. 
('hem. In.) 16, 1 ; Jager, ibid. 17 ; with phenols, 
r Saaibach, ibid. 21, 151 ; with nitrogen sulphide, 
r. Fiancis. Chem. Soc. Trans. HK)5. 1839. • 

Mfthiil cHtrr. J’ropaivd by passing chlorino 
into methyl ureiate at IK) -12(»‘’ (Consi, Bull. 

I Soe. fml. .Mulhouse, 76, 311), un<l as ethyl ester 
(f/.r.): b.ji. 115 {('ensi, /.r.), 136'' at 740 mm. 
(.Sehn-mcr, Aimalim, 197, 8; r/, P. Moyer. Bor. 
18/5, 8, ilo2); sp.gr. 1-23.52 at 19-2'^ (Henry, 
3. 1885, 1329). 

/•Jlhj/l fftlfr. Prepared by the interaction of 
chloraectyl ('hlorido and uleohol (Willm, Anna- 
Icii, 102. 109), or by tho action of alcohol on 
monochloroaiiotic acid in the presence of sulphuric 
ttcid (Conrad, i/nd. 188,218); b.p. 144-6°-i44‘9® 
at 7r>4-2 mm.; sji.gr. 1*1585 at 2074“ (Bruhl, 
dud. 203, 209). (’ondonsution products are 
formed with ethyl sodiomaloniito (Michael, Bor, 
1905, 33, 3217); benzylammo (Maaon and 
W inder, Chem. Soc. Trans. 1894, 628); phenyl, 
hydrazine (Keissi rt, Ber. 1890,28, 1231 ; Busch, 
Schneider and WalUT, ibid. HK)3, 36, 3877 ; 
MeurtsddrfTcr, ,1. pr. (‘horn. 1907, (li.J 76, 121); 
HuhstituKxl ureas (J.)ixon, Chem. Soc. Trans. 
1897, 628) ;|jUiagneHium ethyl bromide (SiiHskind, 
Her. 1906, 39, 225); magnesium phcnylamino 
iiHlido (Bodroux, (kimpt. rend. UK).5, 140, 1507). 

Dichloroacetic acid ClIC!j‘C(J(JH. Prepared 
by chJorinatuig acetic acid {Maumon(^, Annalen, 
133, 154 ; Muller, ibid. 159); by the interaction 
of chloral ami potassium cyanhfc (Wallach, B'^r. 
1873, 6, 114 ; Annalen, 173, 29.5 ; Kotz, Che*m, 
iSoe. Abstr. 1910, i. 151); by passing chlorine into 
phloroglucinol (Hlaziwctz, Annalen, 156, 132 ; 
Ziiicke and Kegel, Ber. 1880, 22, 1476); by the 
interaction of perchlorethyleno and sodium • 
ethoxide at 120° (Gouther and Fischer, J. 1864, 
316); of hcxachlorotriketohexyleno and water 
(Zincko and Kegal, /.c.) ; of pyrrol and sodium 
hypochlorite (Ciamician and Silbcr, Ber, 1886 
18, 1764); of trichloroacetic acid and sodium 
or barium hydroxides (Pinner, ibid. 161) i 
hydrolysing the ethyl ester (//.»•.). 

Colourless liquid, m.j). —10*8° (Pickering, 
Chem. Soc. Trans. 1895, 667); b.p. ISO^-lQl® ; 

I sp.gr. 1*5724 at 1.3-5"; mag.rot? (Perkin, ibid, 

I 18^, 12^o) ; esterification constant (Sudbeiough 

: and Lloyd, Ofcem. Soc. Trans. 1899, 476). 

1 ,Slowlv decom{KJH(Hl by heating with water in a 
' Beale<I tube at 106 ', more rapidly with sodium or 
, Ixirium hydroxides (c/. TimofeefI, J. Russ. Phys. 

I Chem. Sou. 1964. 36, 2.55). By heating iritil 
j silver oxide and a small quantity ol water 
I silver chloride and glyoxylic acid are produced 
i (Beckorts and Otto, Ber. 1881, 14, On 

I electrolysis of an aqueous solution hjrdrogmi, 

2 s 
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carbon rMoii"Xul<% carboii dioxide, and all oil; 
containing clilormc aixi jnoducwl (Troeger and ; 
Kwora, J. jtr. ( In-in. fii.j 58, 125). The potafl- i 
Hiuin nail yi'ids jiotas.^iiini chlorido, trichloro- 
rt'-cMi' ;n i(i, nrid otficr jiruducts on dry liisUlla- 
Ikki (fni’dtirl), Annal«‘n, 20<>, 244). Jhchluro- 
nci lic n< id ir.ii \m11i jihoMphorns ^lontacliloridi' 
(MicliiK-l, Aiii'-t Chi'ni. J, !», 2J5): aniline and 
lU liorn'iingucs (Cffli and Scliwel)!'), Her. 1877, , 
Id, I7i», ll.li.r, Annalon, l‘MM, 'Mi'*, 247 ; 
liKlH, lU'l; Her. MKIH, .11, 42()4 ; OBtroinisK- 
f.'ijsk,\, ihni. Id07, 41). 4072; 1:M)K, -11, OOlO, 
Ihlli-r and A^liLi'iiasi, Aiiiialen, llHO, 57.‘), 
21)1) , thii'iire.i (I)iM)ii, ('iiein. Soi:. ’I'rans. IHO.'I, 
Hid); nUrogfii Milplmle (t'ruiicis, ihid. IIH).'), 
ISOS). 

Millii/l bp. 142 114’ (\Va]Ia<'li. 

Annak'ii, 17;). 21)0). sji.gi. J ;iS(ib al 10-2 
(Henry, /.c.). 

Kifn/l (tih r. I‘i'epare<l l>y elilnniial ing uU'i)lii.| 
(AIIhcIiuI and .Miyer. Her. J.S0;», 2d. ri7.')7); i)\' 
tlie inleiaclion of eliloial, ah olio), anti jiotaHMum 
I'yanide (Wailacli, ilnd. lH7d, 0, 1212, JS77, Id, 
I52d); nr ol (liclilonnalod vinvl others and, 
aleohol (I), n. l’)». 2d02d8, 2ld.5d2, 212502. 
('In'in Sts’. Al>sU. lOdO. j. 45;i, dOl, H7;i); h.p. 
J57’7' h( 7.M'd Mini. (SelufF, Annah'ii. 22U, lOS); 
sp.gr. 1'2H2I at 20/4 (Hiiihl, ihid. 2d;{, 22). 
With Bodium or siKer it yjehls iiialeie e.slei' 
(Tarmtnr, Her. 1870, 12, lod.'i). 

Trlchloroacetio acid trL/CdOlf. Trepared 
l»y ohlonnaLing aetdie neid in tlie sunlight, 
(Ihinms, Annali'n, :i2, lOl); hy (he oxulation 
of chloral with fiinung minu acid (Kolhc, ilnd, 
.54, 1811; Clermont, Ann. (’him I’hvs. jvi.] d, 
180; iludson, Her. )K70, 8, 782; 'riinruhtekii, 
Anmilen, 210, 08 ; 'rommasi and Melilola, (.’hem. 
Soil, 'rraiis. 1874, 814), ehromiu acid ((.Vermont, 
Compt. rend 70. 774), nr jiotasaimn iiermanga- 
natc* (Clermont, thid. Sd, 1270). 

Al.p. 57' (Siulhoroupli and Lloyd,fClit*in. Soe. 
’rnin.H. 1809, 4711); sp.pr. I*(i208 a( dO’lC; heat 
of eomhustnm (et'iisl. pi ess.) 92‘8 Cals. (Hert helot, 
Ann. Chun. IMiys, |vi,] 28, 5d0); electnenl , 
iionduelnitv (Hivals, ('ompt. ivnd. 125, 274; ! 
Ostwahl, Zeitseh. physikal. Chem. 1, 10(>; 8, 
177; Cannru, (la/./ ehim, ital. 27, i. 207); 
cstenHeallon tunstant (Sudhoumgh and Llovd, 
/.r. ; Kalian, .Monatsh. IIHIN. 20, 700), mag.rol. 
(IVrkm, Chefu. Soe. Trans 1800, 128())- At ' 
yiHt' it dceompttses into triacetvl chlonde, | 
•carbon dioxide, and hydrogen elilonde (Kngh'r; 
and Steuile. Hei, 1808, 20, 1448). whilst tlie 
silver salt yields the anhydride, silver chloiido, 
earbon mono\ulc. and earboii dio.\ide (Beekurts 
and Otto, Her. iHSl. 14. 570); for sodium salt, 
(/. Henry, 1870. 12, 1844. At 2(HI with 
iodine triehlonde iHTchioromethane, hydrogen 
ehhinde, und earbon dio.xide aiv jiroduced 
(Krafft, ibid. 1870, 0, 1040). Chloroftinn ami 
earbon dioxide are jiroduced by heating tiie and 
with w’ator or alkalis (l)uina,s, l.r. ; Otto. Bei. 
1871, 14, 580; Seubert, ifnd. 1875. 18 8842), 
IKitoiwmin cyanide (Hourgoin, C<'mpt. rend. 04. 
448), aniline (tJoldsehmidt and Brniier, Her. 
lOtKl, 30. lOO), tertiary hasi's (Sillioi-stein. HikI. 
1881, 17, 2(jG4), antipyrinc (Stulle, Her. Dent. 
l»hann. lies. 1010. 20, 871). or with resoreinol 
or en'sol, hut phenol or th\inol yield hydrogen 
chloride, CKrlK»n mono.xide, and phosgene 
tAnseimino, i6n/. 10, 30((). Uoduetion with 
potassium amalgam ur hydriodio acid gives 


acetic acid. The sodium or zinc salt yields on 
electrolysis trichloroinethyl triohloroaoetate (£lbs 
and Kratz, J. pr. C^hera. [ii.] 55, 502). For 
compounds with aldehydes and ketones, v. 
Koboaeff, J. Kuss. Phye. Chom. Soc. 1903, 35, 
052: J‘lolnikoff, dnd. 1904, 80, 1088; 1905, 
87, 875 ; Her. 1900, 89, 1794). 

Mlthi/l f'Mvi. B.]). 152'8'-152'5''at 705'3 min. 
(Scliifl, Zcitvcdi. physikal. Chem. 1, 379; cf. 
Ajwidmtz and llaslam, Aimalen, 258, 124) ; 
.s[i.gr. 1-4892 at 19-2' (Kenry, J. 1885, 1329), 

J-Jthid r.ilir. Piojiared by the interaction of 
tiichloroaecLic acid and alcohol with Hulphuric 
acid (Clft'inont, {!i>mpt. rend. 15K)l, 188, 737), 
or isilh hydrogen cliloiidc (Spiegel, Ber. 1907, 
B). i7;>0); b.p. lot’; sp.gr. I-809 at 15" (Claus, 
-Annalen, 191, 58; Bruhl, ibid. 208, 22; Schiff, 
ihid. 220, 108). With ammonia iL ymlda the 
amide ; with .sodium ethuxide, orthofuriuic ester, 
sodium ethyl carlionaLe, and sodium chloride are 
iIk' products (Klein, Chem. Soc. Trails. 1877, 
1. 291). 

Bro.Mo V< i/l'IC A<'ll)'< 

Monobromoacetic acid ciljh coojf. Pro- 
pai'cil hv the action of liromiiK' on ai'ctic acid, 
cither alone (Perkin und Ihippa, Annalcn, 108, 
lOd) or III the pKscuee of eaiboii disulphide 
(.Micliacl, Anier. Chem. J. 5, 292), or of suijihur 
((iciivri'Sise, Bull. Sue. eliiin. [m,] 7, 804); by 
the interaction ol eiilnioucetic and hydrobroinie 
acids at 1.50 (Demolc, Her. 1870,501), by the 
oxidation of etliylcnc dihroiiiido with fuming 
sulpliunc ueid (Kaeliler, Moual.sh. 2, 559), or 
of monobromom-etyleiie in akoliohe solution hy 
air ((dockner, Annalcn, Supjjl. 7, 115), 

Al.p. 49 h.p 117 -118 715 mm. 

(Sudhoroiigh und Lloyd, Ciieni. Soc. Trans. 
1899, 477), 190'^ (La,s.s.ii-Cohii, Annalon, 251, 
842). On heating an aifucoii.s solution of the 
aeul it IS slowly deoouiiiosed into glyeollic add 
(Scnler, Chom. Sou. Trans. 1909, 1828). illoctrical 
conductivity (Ostwald, Zcitsoh. pliysikal. Chem. 
8, 178; Kurtnglit, Amer. (.'heui. J, 18, 308). 
By heating the acid with silver pinvdcr ut ISO®, 
succinic acid is formed, wliilal w-illi silver nitrat-o 
silver glycollalo is luuduced (Senter, Chem. Soc. 
Trans. 1910, .8i(i). Kitrogi-n sulphide yields 
liroinuacctamido and biomodiacetamide (i>au- 
CIS, tbifl. 1905, 1889). The sodium salt heated 
in t'liciia yields glyeollidc. The potassium salt 
gives on electrolysis acetic acid, bruminc, and 
carbon dioxide, no hydrogen being evolved until 
the ])otas8iunj salt is completoly decomposed 
(La-'sar-Cubn, it.). Monobromoucctie acid has 
been used a.** a ix-ugent for detecting aibumin in 
unm- (Bovmoiid, J. Phurm. Chim. [v.] 20, 482). 

M'tfn/i f!shr. Prepaied by healing mothyl 
alcohol ami monobromoacetic acid in sealed 
tulx's at 100 (Perkin and Duppa, Aunalen, 
108. 109); b.p, 144-. 

L'lhi/l enter. Pix'imred as methyl ester, or 
together with other products by the interaotion 
of sodium ethoxide and bromine (Sell and 
Salzmann, Ber. 1874, 7, 490): b.p. loO". It 
undergin*'* mmicnnis condensations : with mag , 
ne.sium It yields ethyl acetoacetatc and ethyl y- 
hromoaoetojKietate (StoUe, Ber. 1908, 41, 964); 
with ethyl osalvlacetate, ethyl citrate (Lawrence, 
Chem. SiK*. '^raos. 1897, 458); with ethvl 
smlioAoeUMcotate, ethyl aoetosucoinate (Spraiu- 
ling, ibid. U 65); Mth ethyl dimetbylacetoaoetate, 
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otbyl aa/$'trimetiiyl-i!j-hydruzygiuUrat« (Porkin i 
ana Thorpe, ibid, 11/8). ' 

For other eaters, f. (‘larke, ihjd. 1910, 428; 
StemJea, Bull. Acad. roy. (iii.) 34, 101; 

Kuookell and Scbcvcn, Ber. 1808, 31, 172). 

Dlbromoaoetic add ('H13r, L'UOH. Prepared 
by the actiim of brojiiino t»n aootic acid alone 
(Perkin and .Aiinalcn, III*, 1!.'»), or in 

the prosPMcc of sulphur (iionMissi', Bull. Nor 
chiin. [m.| 7, 478); b\ tli<‘ hydrolysis ot tin' 
ethyl eater (v-f ); ”*d’- • *' l’- • 

(‘stcnfication constant, r. Siidboiouydi and hlo\d. 
('hem. Soo. Tian.H 1833, 477. The silver salt, 
heated with uatcr, yields silvi'i’ ffl-oniidc, 
glyoxyhc acid, and dil>iomoacitic acid (Perkin, 
ibid. 1877, 1. 31). 

Ethyl t-st'-r. I’rcpJU'cd hy the uclion <•( 
bromine on ( tlivl aci'tatc at lOn ; by pas.sino 
bromine into al(olii>] (Schatfci. Ihi. 1871, 4. 
388); by the jnti’iactioii o( 4 [laits of broniai 
hydratt^ with I j»ait of ah'olioh* ])otasHiuin 
cyamdo (Hetni. .1. Busy. P]iys. I hem. .8uc. 7, 
203); l>.p. 132 . 

Tribromoacetic acid I’lvpHied 

bv the oMdalioii of broinal with fuiniti)' mtiie 
m’ld (Scliuller, Ber. 1871. 4. 370; (oil, Coinpi. 
lend. 77, 780) or by lieatnuj: an (Kpieous Holnliun 
of malonic acid uilh broiinnr iPetneu, Pel. 
187.7, 8, 730). Monociinie jjlaLe.y, ni.ji. 131 
(Sudborou^di uml Lloyd, Clieni. .Sue, 'rians 
1833, 477 ; i/. (ial, Annalcn, 121h .‘lO) ; eh'i'tneal 
conductivity, i. SNvartz, ('hem. /ienti. JH38, ii. 
703. On heatinj» at 245 bromine and iiy<iro)ri n 
bromide are evolved. My healiiio an aqueous 
solution ot tlie at id or its salts, InoMioforni is 
jirodiicod. K«»r eonipounrls with aldeliydes and 
ketones, Koboyelf, .J. Itu.ss. Idiys (’Jiein. »Soc. 
1303, 35, (152; iMolmkolL dnd. IIKIN, 40, (iJ, 
1238). 

Ethyl fill). I’lepared by passing liydmgen 
ehlorido into a cooled aleohohc solution of In- 
brouioacetie acid (Broelie, .1. j»r. Clieiii. [ii.] ">(>, 
38); b.p. 225 . 

L'Hi.uHoioio.MiiAiJhia; At ios 

Chlorobromoaoetio acid (TfCIHr PttttH. Pre¬ 
pared by heating moiiochloroiieetie acid (I mol.) 
with bromine (1 mol.) in sealed tubes at 100' 
(Cech and iSteiner, Ber. 187.>, 8, 1174). I’ungcnt 
BiuelJing liquid, b.{). 20T^ ; ethyl b.p. 

I(j0'''-1(53'’; uinnie, m-iJ. 12(r. 

HonocUorodibromoscettc acid (T'}Br,-CiB)ll. 
Prepared by heating momaihlorod.hrotnoacotHl- 
dehyilo with fuming nitric acid (Neumeister, 
Ber. 1882, 15,'003) ; rhombic plates, m.p. 83 ; 
b.p. 232'’-234'\ with tlecuniposilnui. Potassium 
hydroxide converts it, on heating, into mono* 
ehiorodibromomethane. 

Dlchioromonobromoacetic acid CCiiBrCOOH. 
Prepared by heating dichloromonobromoacetal- 
dehyde with fuming nitric acid (Neumoister, 
l.c.)\ prisms, m.p. 64^; b.p. 215' with decom¬ 
position ; readily soluble in water or aicohoL 
Potassium hydroxide converts it, on heating, 
into dichloromonobromoinethanc. 

lonoACKTic Acio-s. 

M(Hio-Moa«8tl« aeid CH,0'OOH. rreiiiuTu 
by decomposing the ethyl ester (</.e.) with baryta 
water (Perkin and Duppa, Annalcn, 112, 12.5); 
by heatiiig acetic anhydride vuth iodine and 
iodio acid (Sohutaenbeiger, Zeitooh. Chem. 


1868, 484). Prismatio needles.' m.p. 82**; 
oleotricai conductivity (Walden, Zeitach. phyai- 
kat (Jhem. 1832, 10,047): oeteriiiuation ixiiutant 
{.Sudborough and Liov<l, Chem. Soc. Trans. 
1833, 478). 

Mfthyl i.'(hr. I’n'jwred in the same manner 
as the eihvl ester (Aroristem and Kramjw, Ber. 
1881. 14, (‘>(14) ; h.ji. 103 -17L. 

Ethyl ovlM. Prepim'd by th(“ intoriwtion of 
ethyl I'iiluro- or biomuaceUite, potassium iodide, 
aiui .ileohol (Perkin and Duppa, /.c.); together 
with other produc ts by heating ili iodoaootyUjDO 
Mtlli (‘M'c’ss o{ aleohohc potasHiuin hydroxide 
(N'c'f, Annalcn, 238, 348). t'olourlcss <iil with 
a pc'uetratmg ainell; b.|). 03/12 mm.; 75°- 
78 ;10 nim. ( rienmnn, Jtcr. 1838, 31, 82.7). 

D1 iodoacetic acid (.' 111 *•('( m H i. J ’reparod 
liy the- mteraetioii of 1 part i<f maloiiic acid 
With I part cd exile ucnl m 4 jiiirts of water; 
carbon dioxide is evolved, tlu" solution is coolml, 
tilteix'd, and allowed to slaiid. After 2 or 3 
days civslals of tri-iodoaeelie acid sc'piiratc ; 
these iiie tilteied oti ami, atlei heating the 
Jdtiiile, tlu‘ cli lodo eoiiqiound scqiarates on 
cooling, m.p. Ill* (Angeli, Per 1833,20,530). 

Ethyl c.spr. Prejmnxi by the' interaction of 
cuhyi dibiomoaeetatc and )>oUssinm iodidu in 
alcolndic Holutioii (I'erkui and Duppa, Annalcn, 
117, 351), or of ethyl dicliloroacclatc ami calcium 
iodide (Spimller, thid. 231, 273). Yellow liquid, 
which cannot be distilled iinchangeil under 
atmosjihcriu pn'ssuic. 

Trl-iodoaoetlc acid (.'1 .,•('( m ) 11. For prepara* 
tion, t'. lii-iodoacetie aeiii, ^'idlow ])laUis, m.p. 
l.Vi with decomposition, hy heating with 
acetic acid lod'ifoini and carbon liioxidn are 
produced. 

HALAZONE. Tiinie naino lor p<sulphon* 
die}ilr>riimine ben/oic ncid 
CDOH 



NOa'NCla 

Ps<‘d for the sP-rihsivtion of drinking water. 
HALOTRICHITE. An iron alum • 

FcS04'Ala(S04)a,24H/) 

.K <;urring naturally as adky, fibrous,- cfllorcsccut 
masses of a ycilowiah-wnite colour; named 
tnnn SAs, sal'i, and dpi^, rpixfn, hair. It 
iesults by the action of the pruducU of doconijio- 
hitjon of iron-pyrites on Hurrounding aluminous 
rocks, as at Hurlel and Camijsic near Glasgow; 
and also by the action of volcanic gases on rocks, 
as ftt the bolfatara di Pozzuoli near Naples, 
anti in Iceland, v^herc a variety eollerl ‘ hvenialt ’ 
is found. A large de^wsit occupies the crater 
of an extinct volcano near the source of the Qila 
river in Grant C'o., New Mexico. At Urmia in 
Persia the mineral has been uscil fflr making ink. 

! , L. J. t'. 

' HABlAMELUt. A preparation from the 
witch-hawd llavtamclis viryiniatM (Urui.), either 
green or brown in colour, deqjeading upon 
whether tho leaves or bark have boon lUotL 
HAMAMEUS. Tho dried liark {JJamameUdu 
Carter, B.P.) and leaves {llarMmelidiB Foita, 
: B.P.) of Ikunamduf virginiana (Dnn.), or 
; witch haael, arc used in pharmacy in tinctures, 
liquid extracts, sulutioos, and ointmonto. 
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HARDENED HYDROGENATED OILS. 

'i'ho ciinvorriiori r>f iluul uilb into Holid fate on a 
roititncj'cial is, ])(*rha]jii, the inoet important 
development of rc*<!ent years in tho oil industry. 
J’rior to the introduction of hydrogenation 
pHHCHsitH \urioiiM im'ihods of hanleiiing oils had 
hern tried. Otn- of these was hased on Varen- 
trapp's nmetion, according to winch oleic acid 
js c-(>nv(TU'd into jialniiLi<; luid liy fusion with 
potasHiitin liydroxide. hut in juucticc tlio jiro- 
ecHK Mas found to yield inatena) of a had colour, 
^^hllHt the large aniouiit of hydrogen hhi^rated 
in tile reaction a as a sourci^ of danger. 

Scliinidt’s jiroccHH of heating oleic a<;id with 
zine ehloiidc at iSo ' najuiri's a distillation of tJic 
}irt)ducl, and this is utleiidcd liy partial decoiri- 
jx'Hition of the ^ liydroAyHU'aric acid formed 
111 the rcactioti. into oleie and lyo-oleic acids. 
Better results wore obliuiied hy iiiothofis in 
mIiicIi olcie mid was t-reafed uith sulpiiiinc 
acid at a low teinjieraturc, and t}u> n'sulting 
siiijihomited (■(impound rh'composed hy means 
of water iiit-o hydjoxysieanc ueid and free 
siiijihuric acid. Jly distillation oi llie liydroxy- 
sh'arie .•icid a mixture of oleie acid and its 
solid iHoineride iso-oleie acid was obtained, the 
latter luang of eoinnieiciul %alue as a camllc 
matei'ial. It i.s probable that this proeess has 
now been eompii'tely supersialed by jiroecHsi's 
in which the oil is hydrogenated in presence of a 
uat4iilytK! agent. 

In lKti7 'I'lSHU'r (Fr. I’at. 21111158, lSt)7) 
elaiined a jiiocess of convi'i'ting oh'ie neiil into 
stearic acid by means of the naseent hydrogen 
lib('rat(Ml mIich tats are lieuicd with water and 
finely divided zinc in an autoclavi*, Imt Freund 
liuh and Rosauer (('hern. Zeit. JtHH), .'ibb) found 
that the process did not juoduee the U'sults 
elaiined for it. 

Klectrolvtic methods of liydrogeiiating oleic 
mid aw eiainied m the jiatentsuf Magnier, 
Brangier, and Tissier (Kng. J'at. ItKM)) 

inid of Ilein])tinne (Eng. Pat. 1572, IfH)')). 
A<'eonling to the latter, oleie acid is spread in a 
linn layer, on metallic ]iliites, between which is 
]nis.sed an electric current, w Inl.st the air in the 
ves.se) IS ix'placed hy liydn'geri. Ibuler 1hcs(‘ 
conditions hydrogen is absorla'd, with the foima- 
tion of a ('('iisidorable jiropiudion of slcuno acid 
and other substances of higher in.}),, and tlic 
jiroi'ess IS reja-ated until abnut 2n-l{d ji.c. of the 
oleic acid has In'cn converted. 'I'he solid pro- 
dueta are then separated hy chilling and lilteniig 
the niixtun*. 

Rotter yields were obtained in Rdhringer's 
jjroccsB (1). R. J*]b 187788. 18D332, m 

wliich the cathodes consisted of platinum 
coated with a layer of sjsmfty platinum, or 
]>a!ladium coaU'd with palladium black. 

Development of Hydrogenation Processes. 
The modern ipidhods of catalytic hydrogenation 
are based on the invi'stigutiouu of Sabatier and 
Seudcri’iis (('om}*t. nmd. UKK), 130, 7C3 : 131, 
187), who showtsl that the uAHaturuted bonds 
in organic eoinjiouiuis could )k‘ made to ab.<i()rl> 
hydit'gmi, by treating the siibstanee.s with th(‘ 

§ fts in the }ut'iM'iu'e of a catalyst such as tiiiely 
ivldtxl platinum. 

A Cicrman patent for the hydre>gennti<‘n of 
oils on thew^ lines was taken out in 1902 by 
liO l^noo and Sivekc, whilst in 1003 Normann 
(Eng. Pat 1515, 1003) claimed a prooees of 


catalytically hydrogenating oils either in the 
form of vapour or os liquid. He etated, for 
example, that by suspending niokel powder in 
oleio acid heated in an oil bath, and passing a 
current of hydrogen or of a gaseous mixture 
rich in hydrogen, through the liquid, the oleic 
acid could be completely converted into stearic 
acid. 

In Day's jjioccbh (U.S. Pat. 820089, 1900) 
catalytic hydrogenation of liydrocarbon oils is 
omj)loycd to ctlect deodonsation, palladium 
black being })reforably used as the catalyst. 

An i^Djmratus claimed hy Schwoerer (D. R, P. 
lOOtKtO, 100(1) consists of a v{‘.sscl conteining a 
helical trough the undersido of wdiich is coated 
with asl)(\sl(*K imj)r('gnated w'lth nickel. The 
oily .suhslance. <’.</. oleic ueid, is brought into a 
line state of division by moans of superheated 
steam, and jmssed, together with hydrogen, into 
the vessel, wluni' the mi.xtuic is heated to 
250"-27() . Under the.se eondifions the hydro¬ 
gen i.s absorbed, and the stcanc acid deposited 
to a large e.xtent in tin; trough. Bedford’s 
jiroee.sB (Eng. Pat. 0112, ltH)8) is also concerned 
W'lth the hydrogenation of oicic acid in vapor¬ 
ised form, the niixtui'e of acid and hydrogen 
being made to jiass through two separated layers 
of catalytie material in a vertical tower, tho 
interna) tcmjieratuiv of winch is inainlained at 
about 2d0“. The Ujiper outlet of this tower 
delivers into a eondenser oonneeted with a re¬ 
ceiver and a vacuum pum]i. 

In Ills iiroeesses described in J). R. J’P. 
2tliH)b, 22]StH), ItNtT, Erdmann eliums several 
modifications of a iriethod of hydrogenating 
oils in tlie form of a fine sjuay in presence of a 
mekel or other catalyst. 'I'hus the oil may bo 
tlnely divided by means of a jet of hydrogen in 
a eliamber coMtaining a rotating cyhiider covered 
with a iayi'r of tlie catalytic agent, and is then 
made to imss tlirough a bed of pumice impreg¬ 
nated With nickel. Or tlm oil inav be introduced 
as a »})ruy into a tower nearly iilfcd with porous 
catalytic material, and there meet a current of 
hydrogen from another inlet, the tomperaturo 
being maintained at 170''-1H0'’. The solid 
1 ]tro(iiiet IS pix'ferably purified by distillation 
j with steam under reduced jiriissure. 
j Jn the Kayser iiroeoss, w'hich is stated to be 
1 employed on a large scale in the United States, 

1 an inert jiowder aueh us kieselguhr is used os 
' liie earner for a nickel eatulyst, the oil being 
i agitated with this at about liK> -100^'. One 
I fi)rni of apparatus used for effecting an intimate 
i adnu.vturc of oil and catalyst eonsisls of a hori- 
* zontal cylinder in which revolves a paddle 
, wheel the skeleton blades of which are covered 
; with wire gauze. Hydrogen under pressure is 
, introduced at one end of the cylinder, and the 
; unaksorbetl gas is drawn off at the other end. 

Hydrogenation under pressure is also a 
i feature of Teatrup's pixicesa (Eng. Pat. 7720, 
lOKb. the mixture of finely divided oil and 
catalyst being })umped into a vessel containing 
an utmo-sphen' of iiydrogen. For example, a 
mixture of oil and jMilladiiim may lie heated to 
u^iout JtKF in a jacketed chamber provided with 
a stirring device, and then forced thmi^ 

^ nozzles into a second chamber, where w 
j tinnperature is maint-ained at about 100”, and 
into which a fCurreot ol hydrogen ia pmieed 
j under preesun. If still harder prodnots Siiv 
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required, the pmooea mftT be repeated in another | 
ohambor into which hyurogon U admitted at a 
atjU lower pressure, or a whole series of connected 
Teasels may bo us^ (xSV Fig. 1.) 

The use of autfX'Ueea for hydn)genaUng oils 
has the advanti\ge that the eonviTsion is offeoted 
at a relatively lower tomjM'iature (lOO^-HH)*^) 
thus obviating the risk of injury hy over-lieatijig. 
In WUl«iflchpwit//H ])nKes« (Fr. I’at. 42»).‘l4^k 
1910) an intimate mixtun> of (he oil and witalyst 
is pumped or inje<'ted into a series of eonneeted 
autoclaves, through whieii circulates a current 
of hydrogen in the opposite dircctton. The gas 
may be admitt<‘d in such a way tliat it (^sj)ers4\H, 
in the form of a spray, the oily inix(urt‘ ac<-ninu- 
lating in the bottom of tlie vessel, so that it 
can be pumped into eonneeted autoelnves, where 


mi 

the process is repeated until Uie product has 
the desired m.p.: or Uie hydre^n may bo 
intmdiKMHl into the last autoclave, and the 
reduction oontinuml in the sucoeediug auto* 
claves, with the aid of a reduction valj^e, and 
with a corresponding diminution in tho pressure. 

Tn the process claimed hy Hedfonl and 
Williams (Kiig. Fat. 2(W12. l!>it>) iilsmt 1 p.e. 
of a metal oxi<le eat-alyst is nikhsl to the oil, 
which i.s heattsl by means of a steam coil, in a 
close«l ve.ssc!, to about 200 ", w'fiilo hydrogen is 
introduced thoiugh a [KTforated pijK< at the 
bott<»m «)f tin* veascl. Hv rising u mixture of 
hydrogen amloxygt*u in place of pure hydrogen, 

I hydroxy fatty acids, or theur com|>oundH, may bo 
i jiroduccd by this pnK-<«8. 

I In onlcr to elTiK't the liyilrogenation in stages 



at different temperatures Kliis lias 'deviaed a 
method whereby the mixlim^ of oil and metal 
catalyst is made to pass in a continuous stream 
through a long tul)e divided into a soricH of 
oompartmenta, and encounters a current of 
hydrogen travelling in the opjyisitc direction. 
A different temperature is maintained in the 
different compartments, e.g. ITjO'" in the first, 
165® in the second, and in the last {Eng. ! 
Pat. 24094, 1912). In Pictet’s prooeas (Fr. 
Pat. 472080, 1913) the oil, with or without the 
addition of a catalyst, is made to by 

gravitation through a series of communicating 
tubes, the wiUls of which arc composed of catalytic 
metal. Hydrogen is introducea In suitable jjro* 
portion, and the oil is finely divided and brought 
into intimate contact with the gas by means of 
rotating devices which brush continuity against 
the ini& ci ^ tubea • 


Tn order to obtain a large surface of catalyse 
material Dewar and T.,i«hmann (Eng. I*st. 
I.W68, 1914) diHtribuUs the catalyst over fibn>us 
material such as yam, which for strength may 
be enclosed belwtten sheets of wire gauze. Or 
the fibrous nfhtcnal may be KUpi>orted on 
frames attached to the agiUtor, or wound round 
the blades of tho agitakir in the hydrogenating 
apparatus. , 

In ('a'vert’s hydrogenation process tho «i 
is mixell with tho catalyst and treated with 
hydrogen in a ftosed vessel containing a comb* 
8haT>ed rotating amtator to sulKiivide the oil, 
whilst a centrifuge pnipellor at the base fiingn 
the mixture upwards to m beaten again. 

The method of effecting minute subdi^on 
of the oil adopted by Moore (U.8. Pat. 1121860, 
1914) is to pass it together with the hydro¬ 
gen through catalytic material which may be 
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containod in a flinphra^'m p()ro!js tu tho oil and 
Rftft, t)nl not tu l}j»- rfilalyHt. 

Ijuki'h jip[mrfi(u'< (Knij. IMiH, 1915) 

coriHiHU tif a v«Ttiial cyluHlfK-al veHsid which 
is hy iijcjiiiH of a Hfi'nni jacki't or othci- 

wisc. Ih-alcrs rotatiiij' horizontally roniid a 
rcnJta! shaft allotnutc Milli annular Hlojarig 
shclvrs on the Milrs of tha si) that the oil 

aTtd catalv'it, 4 rifiTin;i at the (op. uio aitornati'lv 
HpniynJ outsviiiils to llic hkIi-.h and jniiiJcfl to the 
fi'ulrr of tho ftafi-rs n»‘Xt. hclo\s ; and so on, 
until ihi y ri ai'li t)ir ladtoni and an- then jjiJinpcd 
apiin to till' lofi. 'I'lic livdroj'cn i-ntci-s iiy a ]iipi¬ 
nt Dll' hiiHi-o| (he ajijiaralUK (i‘jv' r)* lii\Valhii n 



pro(-e.<4s iT.s, Pal. I 11115) (lie nn-lteil 

latlv au<l,s o| ;^l\(cTiil('s arc .spraxed hv means 
of hvili-o^t-n under pressure ajjaiiist healed, 
hneiy dn ulcd. i atal\tie inaterud, in presene<-of 
an eieetlie diHeharj^e. 

'I’lie e.ssentiid features of tlu' process of 
liirkelftnd and j>Mih (I’.S, I’at. 1125:i59, UU5) 
an- tlmt ihi- oil is mixed with tin- eatalyat and 
u js*rti<*n foreed from a jt-t intd an atmoaphert' 
of hytirojii'ii, and thenee downwanls into the 
Imdy of thf’ od. wljrrehv hy(lrii>;rn i.s conveyed 

hv suftuiM to, the hotloin of the Ye>Ml and is 
nbsorl>ed on nsini: through the oil. 

MeKlroy (I'.S. Pat. lloTlh};*, 191.1) claims 
the use of an eimilsifying process. tVeshly 
rwducetl niekel is nnxi'il with tlie od, and Jiydro- 
gen is made to em-idate through the liquid in 
minute oacending bubbles in a sja-cial form of 
apparatus, in such a way os to prfjduce a gaa- ; 
liquid enuilsion. 

In the pnwss juitented liy Kichardson 
V.S. Pat n<7SlH>, 1916) an electric arc la pro- ' 


duced between niokel eleotrodes wliich are 
immersed in the oil, with the result that part of 
the metal is disintegrated and l)econieM incor¬ 
porated with the oil. After liydrogenation tbe 
disintegrat'd metal is 6C]>araU‘(l from the oil. 

'I'he apparatuH devised by Maitod and 
HidHrlalc (Kng. Pat. 1999011, 19l(i} consists of 
] u verlicnl column firovided with baflie plates, 

■ .so arranged (hat a mixture of od. catalyst, and 
fiydroguii, piojcctcd into the top of the vessel. 
Is rotated aiti iuatelv jirst in one direction and 
(hen in the o1 h<-r on its jiassage to the bottom. 

j\ pioorsH for the siimiltaneoiiH nmitralisation 
and iivJroL'i-nation of oils ih claiuiod by Schlinck 
iind <'ll. (I> II. P. d.'MtioO, 1910), consisting in 
the addition of glyi-ol nnd u catalyst before 
iiitrodiuing hydrogen at. a high temperature. 
I'he apparatus of the Soe. .Aiiou. l‘< Ixyhydrique 
|■■lim^;Hse (Png. Pat. 1 IdSlH. 1929) contnins 
tuiml.ir tilteiiiig devices of asbestos or biscuit 
poreelaiii. uhiih serve for tin- introduction of 
the hydrogen ui a tine state of division, and the 
.sepaiulioii of the ealalysl froni the oil. 

The essential feature of the pioeess of Wells 
(r S. I’at. KldKSWT. l!t2I) i.s the vigorniis 
ngitiition Ilf (he reaefion niixtiue by the inlrio 
diietiou of a slieam nl liydrogc'ii from Ix-neath, 
Catalysts for Hydrogenation. In the original 
investigations on ealalytie liydrogi-natmn by 
Sabatier ami Senderens tinely divided platinum 
or palladium was useil as the latalylio agent, 
but ns niekel is a nuii li less expi-nsive catalyst 
than those nietiils it is luiw' goneiiilly employ(*d 
lor the hydrogenation of odsand fats.' Palladium 
IS still used, however, in some works owing to 
Its etleeliiig the livdrogi-iiation nt a lower Umi- 
perature (Kti *>9 ) ami in a shorter lime. Ae- 
eorriuig to I’aal (lier. P.Mis. .(I, 22H2) colloidal 
])idliiilnim eHeets \eiT rapid iivdrogeimtiou of 
vegetalik- ami animal oil.s and fats, whilst 
platinum hlaek is much, less (effective tiian 
jialindiinii for the jiurjKiHe. The use nf other 
rm-tals sm-li as cobalt, inm. and cop|)er, an 
catalytic agents lias also iieen claimed in scvorol 
of the jiatent proci-Hses of hyilrogenation. 

Jn pn-paring a nickel catalyst the usual 
metliiKl IS to preeijutate nickel hydroxide from 
a wohilion <if a salt siieli as nickel sulphate, in 
the presence of inert material such as kiaaelgnhr, 
to dry the sludge nnd to reduce it in a current 
of hydrogmi ut a tenqs^rutiire of i)00®-32r»°. 

In Jjino's proeetis (Engineer, 1917, 511) 
sniutions of mekel sulphato and of sodium car¬ 
bonate are jinqiared in sejjaraU* tanks pnivided 
with steam jets, and are transferred into a 
third tank provided with a mixing apparatijg 
nnd containing indifferent material, such as 
' kiesolguhr. The mixture of precipitated nickel 
{ carbonate and kieselgtihr is tirie<i, ground up, 
and niaated to convert the carbonate into oxide, 

1 afU*r which it is heated in a current of hydrogen. 
One form of apparatus used for this purpose 
' is a vertical vessel provided with external 
means of hoating. and containing a sarioa (4 
reciprocating grids. The powder^ mataiia] is 
mtroduocd at the top and falls on to the snocee* 
sivo grids, the movement of which ezpoaes frwh 
jMfticlee to the current of hydri^en, which is 
admitted at the base, and rises through 
grids to the outlet at the top of the apparatea. 
'rhu reduced material falls into a vessel ooBtein- 
ing oil of the saiye kind as is t» be hydro^HUted. 
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aadf aft<T Wing thoronghty mixed, the oil raom 
u ground until of the desired consiBtency. 

The method of preparing the catalyst has a 
considerable inflocnco on ita activity and it« 
roaistance to external influeiK'cw. For oxami)lc, 
nickel Mhich has been roduccnl at an low a Icin- 
peraturu a.s possible iu mure <'fTe( tiV(‘ than that 
reduced at a lugher tcnjiHTatnrc, but, cm tin- 
other hand, is also more sensitive to the* action 
i*f catalytic; ‘ |M>»8oha.' Elhs {,1. Soc- ( lieiii. 
Ind. l!U2, lU. I Ksl) given iKM) -32o as a snitaiih* 
tonn>eratnre for tlic' rcwlnctnm. Accorthng to 
Kcibcr, however (Her. IblO, 4b, IH(»K), a eataiysl 
pn'jiarcfl by rediic’uig basie nickel q|irbonate 
witJi hydrogen at is more scuisitive to 

poisons than oric" projian'd at lUlt . A catalytic 
agent jufjiaiecl by ri*ducinu a mixture of nickel 
salt with an incut inorganic nieciinm nl 4.'i(i 
proved rc-iniirkal)ly n-sistant In thc> iidton of 
liydrocynnu! acid, hydrogen Kuijjiude, and 
carbon disnlplndc^. 

Hednced iron, Hoduim rJitonde. sodium sul¬ 
phate, and siaiiuin nifratc- have no mliuenee un 
the activity of im ki-I catalysts, l)ut sodium sul- 
jihide gradually inipaiis tiic cdbcienc-y, and 
sulphur dc'stinys it immediatc-ly (Moon-. Kichtef, 
Hiul V'an Arachl, ,j. Ind. Kng. ( hem. Ibl7, b, 
451). Nickel may aNo be lendercd inaetuc* by 
traces of ehloriiie and of deeonijio'^ition jiro* 
ducte m the culs undergoing hydrogenation. 
For this reason low-grad»‘ mis. sueli as wliale 
and fish oils, may spe«*diiy lendiT a ntekel 
catalyst imu-tne*. IfeatJiig and agitating the 
oil \uth frcsIiK precipitated ooppiT hydroxide 
has Ixsm foiincl an ellecaive means of removing 
lii(' polHunotis ecmstitnenls fiom sueh oils, 
(•s)K*eiaUy aftcT iv iirelinnnary ticaitmimt with 
aodiuin rarbonato Holution (Kllus and WcIIh, 
.1. Jiul. Kng. (,'hem. J!Ub, H, HHd). Iti some 
oosofl, however, it is nefe.ssary to hydnigeiiaU-. 
the od in two stages tiltcring off the catalynt after 
it has hci'iimc iiiaetivc*. Veno (d. Cheiu. ftid., 
Tokyo. Ibis, 21, 8bH) has shown that powflereci 
mctalM(nc)t reduceil l»y hydrogem), swi^h as nickel, 
tin, xirconmm and eoppm-, have hut httl<- 
injuriouA action on catalytic hydrogcumtion, but 
that iron, r.iiic, lead and mereni y act as poiHr>ns, 

The efbcienc'v of a calaiytie inc-tal is con> 
aiderably increased by distributing it over a 
jwroua non-catalytic nifnlitiin sueli as c-lmreoal. 
powdered pumice, or kieselgulir, and the inetliod 
of impregnating the medium with the metal 
forma the subject matter of numerous patents. 
In Crosfield'g process (Kng. Fat. 302H2, IbJb) un 
inert medium, hucIi as asliotos or kicselguhr, >s 
impregnated with a solution of nickel sulphate, 
and then treated witli a solution of aii alkali 
hydroxide. The mass, which now contains 
niokel hydroxide, is washed, dried, and heated 
in a current of hydrogen, and the resulting 
product should contain abcuit 30 p.c. of nietoiiic 
niokel. 

Kayser (U.R. Fat. 1004034, 1911) saturates 
the porous medium with a solution of a nickel 
salt, and incorjxirates it in molecular propor¬ 
tions with {powdered sodium carbonate. The 
mixture is then treated with boiling water, dried, 
and the niokel salt reduced. In a later patent 
(U.8. Pat. 1001279, 1911) Kayser claims a 
■oethod of preparing a catalyst which may be ; 
eq weed to the air fur several days without; 
ni^efgoii^ oxidation and losing its catalytic 


1 activity. In this pniocsa nickel oxide is reduced 
I at almut 500^-000*^, and a current of carbon 
I dioxide passed through the material until the gas 
leaving the apparatus is no longer inlhimmable. 

In order ac'celcrato the speed of reduction 
WilbuHchowitsch (U-S. Fat. Iblb8t>4, 19n) hoats 
the mat'Crial in a rotating drum at about 500” 
in the jircHcnce of hydrogen. In a later patent 
(I’.N. Faf. 1022317, 1912) Wilbuschewitz claiuis 
a method of recovering sjK'nt nickel eatalysts, in 
which the material m lirst*e.\tractcii witJi 
]R*troltMim spirit, then treuted with alkali 
solution, Rciddicd, troiiti'd witli Hoiliuin oarlioimte 
Holutiori, and nnliiced. 

In tlie <-a.sc of fat.s criiibiining suKstanees 
which a<'t as catalytii' |K)iHon, KIIih (U.S. Fat. 
1078130, Ibl3) (liliileH Ihn nmleriiil, prior to 
hydrogeniition. with a pure oil or tat. The 
same inventor cUvima the use (»f a catalyst con¬ 
sisting of a porous sulwtance such as ‘active 
charcoal ' enated but not mateiiaUy ini}>n‘gnatf<l 
with tlie nietallie agent. (t'.S. Fat. l(Kt()()73, 
lbi;i). 

Ill iloltoJi and laishH process {Kng. Fat. 
Mi23H2. J}>2(0 the poisonmir of the catalyst 
throiigli tho foimation of nu-kei siiiip is pre¬ 
vented by adding mono- or diglyeondes to theoi). 
'I’liese mm bine with any fnm fatty aeiils pre¬ 
sent and .so iirevent the iiK'kcl iicing ivltackisl. 
Holton has also claimed a nndhod of restoring 
the activity of the calalyst by washing it in the 
apparaluH. first with hot oil to remove soap and 
then with a solvent to remove the oil (Kng. 
Flit. 1(12370. Ib2U). 

In Higgins' patent (Kng. Fat. 18282, 1912) 
hydrfigimalion is ueeclcrateti by adding 1-2 p.o 
of formic or other volatile organic acid to the 
calulytic miitcnal; vshilst Ix’SHmg (Kng. l*at. 
18998, 1912) eluims the use of a catalyst com- 
posed of nickel carbonyl or other rnctallii' com- 
jtound which undergoes doconipositiori at tiia 
tcmjMTatur^ of hydrogenation. 

Ucduction of nickel formate in the oil iUcif 
is d(*scniM‘d in a process of Hrochet (Hull. Soc. 
(’him. Ib2(*, 27. 8bb). 

Bedford and Krdmann (Kng. Fat. 27718, 
1912) make use of metallic oxides in a form 
suitalde for catnlytio agents. They assert 
(J. pr, ('hem. 1913, 87, 425) that nickel oxides 
are much loss seniutivo than inotallio nickel to 
external influences, and that they effect more 
rapid hydrogenation. In the cose of tho higher 
oxides of niekid they state that, during tlie hydro- 
genation, reduction to metallic nickel does not 
take place, the rfiduotion atopmng at the forma¬ 
tion of a nickel suboxide, which is the active 
catalytic agent. Tho activity of the catalytic 
action is incr^isod by the presence of the 
oxides of other metals. In carrying out tho 
prooeas the oil is heated to 180'’ in a cylindricai 
copper v(«aei fitted with an agitator, while a 
slow current of hydrogen is paasod through it. 
A small quantity of nickel oxide is introduced, 
the temjWratur% raised to 25.5”-260*^, and, after 
the addition of more catalyst, tho supply of 
hydrogen is increased. It is claimed tnat the 
hydrogenated product is free from hydroxy 
acids, and that nickel sf^ap is formed only to a 
very limited extent. 

Erdmann and Rack also attribute any 
activity of nickel borate to the farmatioo ol 
nickel oxides at 260”. Contrary to the cltim 



rAH IIAUDETfED OR HYDROGENATED OTT^S. 

SchiinfpM, tJioy find tliaf nic-kel iVx's not and the rnixtnn* dried and heat/'d in a currpnt 

nonvey liydroym i<i unsaturatod fain at. of ammonia gas or vaporiaed ammonium com- 

Norraaiinl liowevcr, iittribut(‘H t iio caial 3 rtio pound such as ammonium chloride. Advantagea 
Of'tivity f)f l boride to the foimation of claimed for the catalyats thus produced are that 
nietfiil^Aiuekel reduced by the iiydrogen during they act at a relatively low temperature and that 
the hvdrogenulioii jiroeess, and finds that there any niekel salt can be used in their preparation, 
is iir> [losiJive evideiue of tlie presence <»f nickel ' (Irotc (Scifensied. Zeit. 1920. 47, 7i3) 

Huhoxjdc. ^ (Icscnhi .s a form of cat.ilyst prepared by treating 

Mcigcn s expenrnents (.], pr. ('hem. 19ir>, i an aqueou'i solution of a nukel salt with a 
!»2, .'(!»(>) arc nluo opposed llu’ views of J'lnl- srtlution of an aluminium or magnesium salt, 
iniinn and Itedford, 1 hat an oxkIc <)r Huhoxide of wa lling the pret iji.tate, and reducing it in 
nickel iH the catalytic agent lb- eon<'liKies that , livilrogi'ii. 

wliile It IS ennecjvjvble that their vu'w may he Hydrogen for Catalytic Processes. One of 
eoneet, il is a liyjiolhesis winch is lacking in the man cssentiaks for the .successful hydro- 
experimental piiiof. genntion of oiks i.s a supply of pure hydrogen. 

In ItyMui's metbrxt of preparing a st.able 'Hi,, jras must be fn'c from suljihur, chlorine, 
eatalv.st (Kiii!. I’al 1913) the solution arsenu, and pliosjihoruH, and contain only 

of a salt ol a eatalUieally aetiv<-metal, such as I iiegligililo quantitie.s of oxygen or oxides of 
niekei Hiilpfuite. is treated with a soliitiori of caihon. 

an alkali silicate, mid tlie preeipitab- dried, and, : Jn some of the larger works (.Sieniona- 

if dcHiri’d, reduced in a eiirrent of hydiogen. Scimekeit, Ateliers (terlikon) a very pui'O 
(‘iilaiv.sfH whieli do not lose their activity on jiydrogen, eitnlaimng as inijninty only 0-2 p.C. 
oxpoRure t<» tin* air are pre[)aied by Higgin.s (,f oxygen, is prepared liy t he ’ electrolysis of 
(Kng. Pal. 2.3S73, 1913) liy heating the fatty alkaline distilled water. In other work.s water 
acid suits of eatalytie iiH'tals, such as the f<M- gaa or producer gas are ns(‘d as the sonixic of 
ma1,<'s of nickel. I'obaif, iron, or r’o[iper. until liydi'ogim. 'I'he methoils of Lindo-Fruuk-(‘aro 
carbonisation begins, preferably m an atmo. and of the Soc. de I'Air Liquide are based on a 
splmre of nitiogcn fractional distillation of the liquefied com- 

Kiehardson (T.S I’at. ll.'ilTlS, 191,’i) claims ponents of water gas. The resulting hydrogen 
tlu' use of an oh'iife of nickel or oilier metal; is of 97 ilM n.c. jmrity, and is brought to 99- 
wbilst Httcoii and Mieolet I’al, ll.')2.“)91. | qO',’ pc. by being passed over soda lime heated 

J91b) prepare a catalyst eoiitaming niekei to iMtr. 

liydrqxidp and aluminium liydroxule. m which ' Jn bane's process .steam is decomposed by 
the nickel lias heej\ rendered active by reduction jueans of redueeil iron, and the lesulting iron 
with hydrogen. Catalysts eompoHi'd ot aho oxidi* is rcflura'd liy the <-lern('nts of water gas. 
inimites of inekcl nr ntlier heavy metals have Sputliic iron ore (fiTmiis carbonate) is used os 
also been )>alcnted by l)c Xonljske Kabrikr- he- | th<‘ original source of iron. This, when heated, 
no fa Akt (Kng. Pal. 140371. 1920). ^ yields a porous mass of ferrous oxide, which is 

A eatalytie agent clainiedliy Kills (I’.S. T*at. packed into a retort., where it is alternately 
ll.'7tl(»l)H) is jireparod by ineorporating liydrati'd , rt'diieed and oxidised. The cost of hydrogen 
nii'kel hydroxide NifOlOj'Hjh, with an oily made by this proees.s was •bout 4.?. 2^/. per l(KK) 
m«*<liinn. reiiiicmg (he nickel enni^suiml with i euliic feet {Ellis. J. Soc. Chom. Tnd. 1912, 31, 
hydrogen, and n-moving moisture from the IKU). Purified wat<‘r gas is also used by tho 
product. In another process, also pattmled by Soc. Lyonnniso du Gaz and the Griesheim 
Ellis (U.S. Pat. ll.V.MSO, 191.")). a basic com- ' Klektron (’o., the decomposition l)eing effected 
pound of nickel i.s partially reduced with liydrn- i by means of a mixture of lime and iron. These 
gen to obtain ft cataly.Ht crmsisling of nickel and uiethods yield hydrogen of 97-.7-98'5 p.o, 
a tower oxide of iiickt‘1. purity. 

Ollier (atalysts di'scribcd bv Klli.s (I'.S. ' Where petroleum is readily obtainable the 
Puts. 1378339 7-8. 1921) an' j)re]>arcil by in method of Rineker-Wolter is used, in which the 
eorp(>rat.ing organic salts of ni k<‘l. etc . with ! hydrocarbons of oil gas art' decomposed at a 
anoilv medium, and he.iting the mixture at ■ high teinjiorature into carbon and hydrogen, 
reduced f)rcs.*ure ; by reducing nu kei fri^m Prior to the war, the relative costs of pre- 
ni< k< l olcate in tlie ab.seni'c of reducing gas< s: paring hydrogen by the different methods were 
and by reducing mixtures of mclalhc salts of given by Bontoux (Lcs Matiere.s (frasaes, 1914, 
niekei, eopjs'i and cobalt in an oily nu'daini 7, 4104) a-s follows; An installation for the 
With the object of obtaining a more stable production of electrolytic, hydrogen cost about 
catalyst the Bremcn-Be.sigheiiper Oelfabnken i:44(K> for 1590 cubic feet }x*r hour, and about 
(Eng. Pat. 4023. 191.")) ealeineorganicoomjionnds t9I(Kt for 3530 cubic feet per hour. With 
of metals, such .as nickel hcuzoate. either alone electric power at O-.'W. per kilowatt-hour the 

or in admixture witli carbon or substances con- gas cost about Os. 3^^/. per 1000 cubic feet, in- 

laining carbon, until a mixture of the metal or eluding labour. An installation for water gas 

metallio oxides with carbon is obtAined. This cost about £71K)0 for 50 c.m. per hour, and the 

product is immtHliately introiViciMl inro oil or hydrogen produced cost about 3s. 4Jd. per 
other inert medium tt) protect it from atmo- ItKX) cubic feet. 

spheric oxidation. It i.s claimed that by means Technology Of Hydrogenation. From a con- 
of this catalyst oils can lie hardenwl at sidoration of the foregoing outlines of patent 

200^, whilst tho carbon has a doixiorising and nt.ieesses it will be seen that the main conations 
bleaching effect. In Kimum's process (Eng. for sucoessful hydrogenation are a suitable 
Pat. 11^23, 1917) a powdered niekei sdt is temperature, fine state of subdivi^on of the 
mixed with non-combustible non-catalytic an active catalyst, and the abeenoe of injntions 
material, such as powdered pumice or asbestos, substances. *' 
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Under ordinary ntmoapherio preanure tho 
teraperature moal miibable for hydrogeinstion 
(over is Jiable t<> cause discoloration of 

the oil. llencc, in Lane's pnKJoss, full details 
of which have lK>cn published (Engint'cr, 1017, 
f>n, 546) a lower temperature is emplovod 
(170°-180°) and the j>rt«»uro increased to aiH)ut. 
70-80 lbs. |)oi‘ squan' inch. 

For tlus purpt)He the apparatus lypilied in 
the patent dt'scription (Fig. -) is constructed as 
an autoclave. an<i is Hurrouiuled by an outer 
jacket of tirelmcks so as to form a flue for 
hftating gas(‘a from an external furnace. 

'I’hc nil is dried lirst ill lieatmg ^esscls ])[•(>- 
vided witb agitators, and subsi^quently in 
vacuum pans <'(intnimng a heating (huI and pro¬ 
vided witli a Stirling device. 

The nu.’clurc of oil and nu k«‘l catalyst, whicli 
has l>eon prepared as descnlH*d. is introduec'ii 
into the lop of tlie auto<!ave, whilst pun* 
hydrogen is admitted througii a pijie at the 
ba.se. When the gas enters the apparatus the 
jire.sHure fir-st rises and then i»ec<mi<'rt stationarv 
at a ]K)int depmidmg ujion the temperature. 

'I’hr* mass of od and iMtalyst is brought into 
contact with liie liydrogen by means of a 
series of wjuari’ beaUi's and cone distributors, 
and the iiroeess is eonfimied until a sample 
drawn fromafapnt tin* base shows tfie required 
degree of liardi’iiing. 

In jiratdiee it lias been fouml that the oil 
suffers from contmiial contact with the heated 
walls of tlie voMsel, and later forms of the appar¬ 
atus have therefore Ik'cu oonstrueU'il with a 
beater or jiaddle in the loiver part of tbe 
vessel. 

After suflicient hardening, the oil is drawm 
olT, cooled slightly, and filtered through a press. 
'Fhc residual eatalytm material is tfieii washed 
five from oil, lirokcn up. ami pri'pared for use 
with a further quantity of oil. 

'I’he cost of hydrogenating a kin of linseed ; 
oil by means of a plant capable of dealing with 
one ton per hour was estimaU-d in 1917 at about 
£2, the main items lieing the hydrogen (UK) 
and loss of catalyst {14s. 2</.). 

Properties of Hydrogenated Oils. The degree 
of hardening flefx nrls upon tlio extent to which 
the hydrogenation process has been carried, so 
tiiat products ranging from the consistence of 
a soft butter to a hard tallow may be obtained 
from the same oil. In general, the solidifiod 
products derived from whale anil fish oils are 
only used for technical purposes such as tho 
manufacture of soap, os chiiroed by Croafield 
and Sons (Eng. I’at. i;i042, ltW7). 

Fish oils and whale oils are deodorised during 
hydrogenation owing to the conversion of the 
elupanodonic acid (to which, as 'rsujmoto has | 
shown, tho odour is mainly due) into stearic j 
Mid. To obtain a product yielding a soap in j 
which the odour lioos not readily reappear it 1 
is necessary to continue the hydrogenation until! 
the iodine value is lower than fifty. | 

Hydrogenated oils are also suitable for use i 
as lubricants, either alone or in admixture with | 
other oils. For edible purposes the chief oils 
hydcY^enated are cotton seed, maize, Boy% bean, | 
and coconut oils, though any edible oil is suit- i 
able for the process. Products such as mar-1 
garina and az^cial lard, which formerly con¬ 
sisted of a Tcgetable oil mixed with sufficient { 


I oleostearin t-o give n semi-nolid mass, are now’ 
; preiiaitNi fixim (u\ oil such as ooiton-need oil 
! hyciix^genakd to a suflieient extent k> give tho 
requir^ oontiisk'iH'e. In tho opinion of BiUs 
(J. Soc. (^hem. Ind. 1912, .11, llOa) tUs method 
of preparation in pirferable to that ue^ by some 
manuiaetim'rs of bleaching hydixigonatod oils 
with untreated oils, Hinee tho resulting product 
has a }tett(‘r tlavour ami ki'cps belter. 

'i’lie objection to the uhi' of )iy<lnigenated 
tisli oils <ir whale oils for fooil is that the 
chnraeU'iistH' odours are liable to reappear 
(K-limont and .Mayer, Zeitseb. nngi'W. (,liem. 
1914, 27. bl.-)), alliiough in other n'siMHita they 
ajijM'ar to Jm' ns digestible as otlnw hardened 
oils (OlTerdalil, l.r.). 

Ill (Jernmny, ]irior to 1914, a tcohnieal 
jiroduct termed ram/ilttf was made fioiu whaio 
oil, find an (‘dibli* fat hilr/ol from vegetable oils, 
and the factories when* tin* two cIoshch of 
pioduets weri' manuffu tured were kept distinct. 
\\btb regard to tlie idb'ct of hydrogenation on 
oils it lias Is'eii found that tlio a<-id and saixmili- 
cation values are not inaterisdly afieiled, but 
that tho refractive index and iofime value arc 
lowonsl and tin- m.p. is raised to an oxt-ent 
corresjiondmg with tlie degna* of liydrogonation. 
Th(* n'diiclion in the refractive index is shown 
l)y the following exiunjiles given by Ellis (J. fnd. 
Eng. (’hmn. 1914, 6, 117): Maize oil, 1*4514; 
whale oil, l*45r>(l: soya bean oil, l’4r»18; coco* 
nut ‘ i/hnn,’ I ■442.’); Imsced od, 1'4610; palm 
oil, 1*4517; and araihis oil, 1*4547. 

The acetyl value of hydroxylated nils such 
a.s castor oil is lower(‘d by liydrogonation at the 
usual tcmjH'ratures, but .rurgons and Mcigen 
have show’ll wh(m chIith of rieinoloio acid arc 
liydrogenaUs] Isdow' 2tKrt, jiractically only tho 
doubie lionfi is Hiiturati'd. 

Exp<*rimcntH on tho hydrogenation of cutton- 
s(‘ed oil by Moore, Kichtor, and Van Ardol 
(.1. liKl.*lhig. (!h(*ia. 1917, 0, 451) have showTi 
that linolin is hydrogenated more rajiidly than 
olein at 2(K»'' and upwards, so that oloin tends 
k» acxiumulatc in the fat. T’o obtain a hardened 
product with the saino iodine value as another 
but containing, relatively, nifire saturated 
glycerides and linoHn, it is necessary to.'ffeot 
the hydrogenation under conditions of a lower 
temjxTaturo, greater pressure, more vigorous 
agitation, and a larger proportion of catalyst. 

Marine animal oils yield a much smaller 
proportion of insoluble bromides after hydro¬ 
genation, and the distinctive colour rcaotions 
of the original oils are cither modificfl or no 
longer obtained. 

Bellier's reagent (nitric ar.id sp.gr. I *4 and 
roBorcinol in benzene) also gives different 
colour roaertons with hardened sewame, cotton¬ 
seed. and armthis oils from those given by the 
original oils. The Baudouin teat for sesam^ 
oil is intensified by hydrogenation, but Halphen'i 
test fer cotton-seo<l oil is inhibited, the ohromo- 
gcni(? Hubst^ce giving the reaction boing dM« 
troyed after* hydrogenation for fifteen minutes 
with a nickel catalyst at 150®-160*. 

The amount of phytosterol is not materially 
reduced by hydrogenation at 200'^, but cho^ 
losterol is resinifiod at ^09^, an^l after treatment 
at 250° will no longer yield a crystalline de¬ 
rivative (Marcusson and Meyerheiro, Zritoeh. 
angew. Chem. 1914, 27, 201). 



(SOfl HARDENED OR HYDROGENATED OHJ^. 

Arachidio acid mnr «ldl )»■ ilftectod in ’ hydrogenated oiis dlffcra in cryatalline form 
hardened urnehiM i.d. hwl n niodificatiim of the j and other physical charactem from the atearin 
usual tcsi. is iiecrsH,i.rv._ j of ordinary fata. 

fyeinidiirfer (I'lieiii /'iiilr. 11114, I, .'i04) has; Tyjaoal hydrogenated oils prepared from 
Hliowri that till-.stc.tri- .uid ftirincd in th(» hydni- whale oil in (Jcrmany, and intended as in- 
Lrrnaf.on ui ,.4 .lu-mKially id.-ntical with , gredicnte of margarine, were examined bv 
iiatiiral ntr.inr acid, hut that the streanti oi Sandclin %wth the following results:— 


Original uhah- oil 
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Hydrogenated u link* oil 
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Nickel in Hydrogenated Fats. Tim jiresenee (.f 

fraeo of (he niftallie rnlalyHl uiih at one linic 
rf frefjUfiit^ccuTreuco in hydM>gcna1e(i fats, oh 
lectaliy thoHc of coiitinenlnl oiigm Tiuj.s Homer 
I'hi'ni. He\ Hclf Jml. Ifil:!. IH. 221) tound 
•«d !> e. of iisli witli 0 -(hh; (.(• of nickel o^idc 
I hydrogenaled f-eHiinic oil, and fi-OOfi jj.r. of 
xh with (I’lXMo p.c. of nickel oMde m liardeiied 
'half' oil. Hence, thf' detection of nickel in a 
it indKaffH tlu' present' f.f a hardfuied oil, 
Itinuigh a iiegiilive reKul! in tli(' teat iloea not 
eeeSKunly juonc that Hiirii pniduets are alwent, 
iiuf iiiciuis. such ns tn'atinent with ddnte 
ydt'oehlnfn acid, me ofleii ('mploye<l fo Kuimvi' 
Im' resnlnal mcla! In cNpciinionN to ancertnin 
be effect of tnicei tif nn kcl upon the hiitiimi 
I'Htetn, OfTcidiihl (iP'r, hent phnnn. Och. HI|;{, 
!i, TmS) foiiml lliaf h A gimn of nicKd could lx’ 
d<rn daily withonl any injurious eficet, 
i'S )!,('. of the metal hemg lapirllv excrelcd' 
om the hvnIcjm. 

Kor Hie detocliori of Iniees of jftckel the 
imethvlglyfixime test may lie used (fn‘v Knapp 
nalyst, MHd, .IK, 102). hut if in iif'Cf'ssarv to 
ike into account the fact Hint certain untreated 
1«. free front mcKd. may «hnw a similar eolora- 
on in this test (1‘rail).* A nidi more seriMtive 
‘Hgent h.r mckd i« d Ixmyikfiaeotvldioxiiiu'. 

< HUggcHicd hy Alack (Analyst. \9\:i, :?S, ;;H1). 

'Fo oht/iin proiluelH ndativdv free from 
iekol Kills (,!. ('hem. Ind. 10I2. .'H. Mtl.l) 
Vfl HtreHs upon the itnjxirfnnci' of using the 
italyst in mclnllic form rather than m the'^form 
f oxide, sincf' metallic mckel will not rcadilv 
mibme with Ihh' fatty acids to form a soap in 
u' jircsence of fn'(' hytirogen. Too rajud 
i’dn>gciiation shoiiUl aliMi he avoided, so as to 
;event de<Mmi]>oRition of t)ie fat. with lilK'ration 

w.ater, which might cause hydrolysis of the 
t anil lilsTation of friM' fatty adds. 

K('r the mechanism t>f tlie*addition of hydro, 
'n to un.saturatvd glyeendes in the preseiur of 
eke!, .«ee Thomas (J. Soc. (’hem. Ind. xxxix. 
>20, 10 T.): ami for a study o{.the nAation 
tween Hie occlusive js)wer of jwlladium for 
•drogen. and Its aetivitv in catalytic hydro- 
nation, .vfc Maxt<Hl ((’hem. So -. Trans. 1021. 

V. A. M. 

HARDWICKIA RESIN e. Ol.KO-REaiNS. 

HARMALA. The Meeds of the wild rue, Pe- 
»»tn Hornuila (I*inn.). or harmnl seeds, have 
cn omployixl from the earliest times in Kasiem 


medicine ns a Hliiniiinnf, anthelmintic, or even 
ns a narcotic. 'I'licy arc said to be the source 
of a red dye produced in Southern Russia, and 
ihcy have l>eiTi used in tlie manufacture of oil. 

dd nic j.s an oclonfi'idu.s herbaceous jilant, 
1 feel high, and inhahitH Sonthem Kurope, 
Asia Minor. Kgypt, Korth-wcHtern Jiidia, and 
Southern Silx-ria (Kliiekiger, J'harm. ,r. lid.] 2. 

220) I i • 

Jliintial seeds eontain about 4 p.o. of two 
alkaloids (probably in combination with jihos. 
])honc acid), winch are found for the moat part 
in the outer portions of the seed. The first of 
Hiese, //arnw/inr was discovered bv 

Hohei (Annalen. :I8, .'It).'!), the wcoml. hnnniiit' 
(',;iH,j.S\(). hy Kntzsche {ihitf. 114, IKK); ,1. 
IH 47 -S, (i.’K); Aunalen. (»H, lird ; (iK, ',\hr> • 7 ’’ 
not;. SH. 1127 ; SK. :i 2 K; 02 , TK); J. 1802 , :i 77 )[ 
vlio studu'd lioth alkaloids, and obtainc'd 
numerous dtuivnlives. ]''ntzseh(' extracts the 
seeds with water containing acetic or Bulpininc 
acid, and saturates the solution obtained wdth 
common salt, which ranscs the alkaloids to 
precijutale in the form of hydrochlorides. The 
precijiitntc is dissolved in watt'r, decolori»ed 
by treatment with animal charcoal, and the 
.‘solution obtainivl i.s fractionally precipitated by 
ammonium hydroxide at TK)*’ (K)^. The firat 
portion of tlic jirecipitatc is liarmine, and the 
last jiortion Imrnmhnc. 'Fhe enidc harmalinc is 
wat piinticd by n'cjy’.stalhaation from methyl 
alcohol (O. Kiacher and Tauln'r. Her. 18, 40U). 
brom incthy.l alcohol harinaline crystallises in 
small tabic.s. or from ethyl Hlcohofin rhombic 
'K'tahcdra It melts with deeomjioffltion at 238‘'. 

If i.H very slightly soluble in cold water or ether, 
but readily cli.ssolvea in hot alcohol. It forms a 
well defined crystalline hifdrochhndr 
(',3H,4N,0,Ha.2I{a0: 

hifihocyannh (’j,H,<N,0,HCX; 'p^linichloriiU 
(t'i|}{i4XjO,]U'l),rt('l| ; methiodide 

rhrmmiU (C.sH.^NjOl.HjCrO^; and niiro 
ilnnntiw (’,,H, 3 (N(>,)N,(). Both the hydro- 
eyanide and the nitni derivative are bases, 
and combine with acids to form ctyatoliiDe 
wlts.c Nascent hydrogen converta fa&rm&Koe 
into a dihydridf C,,H,,N,0 (0. Fischer, Ber. 
22, 638). Harmaline is shown by Fischer (iM. 
28. 2481 ) to be dikydro- Aarmise, and it can be 
eonvertod into har.-nine hy oxidation, which is 
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host offect<»cl hy potAaRliim pennanganat« in 
dihitfl Rulphurio acid nolution. By oxidation 
with chminic aoi(i in boiling aooiio acid solution 
or by nitric nchi both hannnlinc and harminc 
are converted into hanmnir nnt/ 

By the »vction of hydrochloric acid on harmnlinc, 
I'isoher ami TaulK-r obtained ii hrick-red crystal- 
Jim* powder ftamuth)! whiel) melts 

at 212^' with decompt.Hition. 'fhis com)>oHn«l 
also occiirs naturally in Imrmal seeds, nnd has 
been isolated from Ihojn by Kischcr (('hem 
Zentr. I!Hi!. i !to7). 

Hnrtnine exists in lianind si-eds in jnneh 
smaller proportion than hannalim^ It may. 
however, lie ]irepnred from the l(itt<'r hy simjile 
oxidation, either by llu* mtion of bent on the 
dry ehrnmati*. or hv ln-nting an alcoholic solu¬ 
tion (»f hnrmahm' nitrate to which hydrochlorn- 
acid hns^ bi'cn ailded. Ifarmini' crvfitallises in 
four-silled prisms (Nchabus, .1. IKM. r>'2~i). It 
melts xvith deennipoviii.in at 2o7'-2o<r, ft is 
\rr\' slitrhtly soluble in watei or alcohol, and 
slightly solnhle in ether. The salts of harmino 
are crxstalline and C'olt)uiless, and in arid solu¬ 
tion exhihit nn indigo hlne fliioreseenee. 'I’Ih' 
more imi»ortant arc the fn/tirr^t hhoulf 

the piuhnithlondr ((', ,ir, jNj( hiirl)al^t('!< : the : 
vitUiHMiul/ I'jslf .,N.,().Me[ (K. and T.); atid 
the two 

iiml KntHzche prepared the 

following halogen and nitro derivatives of 
harinim* all of which aro booes and form crystal¬ 
line salts. tin hUiii>lutnnni< 

Ulinihurtiitiiv t iflili j(Nl f ; < iihnwnlnihti/ ■ 
7Hini‘. ( 111 ^J hio’immilriiliiir- 

Vhtnf l'isUioBr(-Nt )j,)Njt b A lilfuhroiniflf 

has Ikk'H obtained by I‘’ih(. her. 

When hiirminc is treated witli corioenlraled 
hydrochione arid at bjo', Fischer and Tauber 
find that it bleaks up into methyl eldonde amj 
a new phenolic (omjiound fi/irmol (',,]r,„K 2 (>, 
which orystalhaes in needles and nieiu nt 1^21°. 

lien liarmol is fused with jiutush it yields a 
compound posscnsing both basic and arid ])r'o. 
pertiea, /uirnutln' wid, <’, 2 llj„Nj()t, which melts 
at 24-7 ' (Fiwher, Jh‘r. 22, b:{7). Fischer ami 
Tauber, by acting on hurnune in acetic acid ho- 


Harman. obtained by rlnc dost distillation of 
liarmalol. bos tho formula 






SU Me 

ami is idcntie.d with ft ba-t' obtained by Hopkins 
(.J. I'liy-iid. l!K):b 21>. -ITd) from tryptophane 
b\ oxidation ; it js furtlier identical with tbo 
alkaloid aribine of Aranha luliTd, Mart. (Spath, 
Monatsli to. Hoi). 

llarmine and harmalnn' cause convulsions, 
iMoreose of saliva, interference with rcHpiration, 
ami ilepresHion of tem]K'i'atiir(* in warm-bloodcil 
aminalH (tdmn, T. F. llMO. 47, 245; Flury’, 
Ai( li. e\j)t. i'ath. I'hann. ItHO, ti4, 105). in 
Turkey |s‘ganum sei-ds are used as an anthcl- 
nimtie, ami Fiurv (l.r.) ascnlx's this action b) the 
paralysis of the muHcuiatiire of tiio jiarasit-^s 
<-auscd bv Imrnuihne. ({ B, 

HARMALIN. Fuehsin v. Tai^niiMyi. me* 

niANK OOI-OPRIN'O MATrLK-H. 

HARMALINE. HARMALOL. HARMINE, 
HARMINIC ACID, HARMOL and HARMOLIO 
ACID, V. ffAKMAl.A. 

MARTIN r. Uksish. 

HARTITEi- Hkmns. 

HAUERITE. Mari(/(ni> diMulplitdc MnHj. 
e. Manuan ksk. 

HAUSMANNITE. A manganoM' oxide, 
Mn^Ui, crvstalli.sed In tlie tetragonal systom, 
.’iml the neliest on* ol inangancHe (Mn 72 p.i'.). 
It forms jiynimidal eiystals with a good haHftl 
I'h'avuge, ami with very nimh thn aspoet of 
n-gular oetahedra. 'I’hey are opiujui* with a 
siib-metallie liistie and a dark brownish-black 
Ol lilaek colour; the strenic is chestnnt-brown. 
Sp gr 4 7-4’S: 11. :> 5^. WVIl-devpinfH'd crys¬ 
tals are found at llmcnau in Thuringia, Ilfcld 
in tile Ikiiz, Liingban in v^weden, Bigrigg in 
('urnl^erlaml, and Miguil Huniier in Brazil, 
'riie massive black ores of manganese consist of 
mixtures of vitnons inangancsi' oxides, and 
douhtloHM liausmiuimle is often present, though 
not readily recognisable in the massive e.onditioii. 

* L. J. e. 

HAUYNITE e. Fapi.h-i.azi’u. 

HAZELINE. Trade name for a fragrant es- 


lution Willi chri.mic add, obtaiiiod dibasic W- ' ’'™r ''■"'I'."''; f*'’'"'' I'n'-k <>( //“"«• 


mhlic arid C^I^.VjfCOtJH),. It form.s silky- 
needles, melting at at which*y>oint it flc- 

comptises into carbon dioxide and a erva- 
tulline basic subbinato of apoluirmtnfi C\H,X., 
m.p. 183'^, from which Fischer obtained a w-ell- 

dditied gold salt. A tHrabromi.le C.H.N.Ur,, i mT/PI MTIT Oil 
and a dihydrt^h were also obtained. ' HAZELKyT OIL. 

Other derivatives of harmino am dc«crilx*d bv 
Fischer and Buck (Bcr. 3H, 320). 

Perkin and Itobmson (t'hom. Sw. Trans. 1012, 

101, 1775; 1010, 115, 0‘13. ItbT) have established 
the formula 
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mfiliM 7nr(j\i\tttiin (Linn.) or witch-hazel. Is 
j>mbably analogfiiis to euiialyptol. Js a cokrtir- 
loss oil, possessing a plcn^iant pungent smell and 
8wi*et astnngc*nt tasU*. Is used in the treatment 
of eczema, uIcpi-h, bums, Ac,, anil as a substitute 
for t 

_ _ The kernels of the soeda 

hazelnut tree CrnttluH avdiana (L.), 
yield about 55 p.r. of a bright yellow oil having 
the charact^iriatic oilour of the nuts. The oil, 
which is mainly used as a lubricant for fine 
maebip ry, such as watch-Bjirings, is fiaid to be 
liable V) adu^eration with olive oil, which it 
resembles in many of its physical and choroioal 
characters. The following values for gefttoiw 
specimens of the oil have Ixten recorded: 

..... saponificatioB 


; sp.gr. at 16®, O OI04-1>-9I7O; 

' value, 191*4-193 7 ; and iodine value, 90*2-90*2. 
fw^Mmiine. In harmaline the pyridine ring i Hazelnut oil behaves like olive oil in the ^aidia 
eontaxoa two, and in tetrahydmharmine it i test, but diffors from that oil in ita low soUdtfie** 
four additkmol hydrojfoo atoms, tion point (-18'^ to -W). The presenen of 
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oHvo <iil wiiulil, tfiorofore^ l)o wnejjestod l)y the 
fornuitinn 'if a dcsinMit rui rliiilinj; llie oil. 

('. A. M. 

HEATHER or CALLUNA VULGARIS. In 

fornjf-r ti/nr-s flic f’onitiiori lifatli or hoathor, j 
until j'«v7 iitlv ftaiiird AVf’m mlgniiM, was used : 
us a (Ivestulf for iirodticing a yellow cojf.uir on j 
wo'ilifii j.miihIk (('tookc-H, Dyeinij iiiul ('ali<’ol 
I’nnlittf.', 1 h 74, oil). Altlioiiyh now almost! 
Hii]HTH«''ic{l. it. was until r<:<'<‘n1ly cmyiloycfl in | 
tli(; }ioriu‘ industncs of outlying districtfl, such i 
«is till- lligiilunilK of Scotland. Ikincroft {Plulo- ^ 
Mojifiy ol J’crmaMcnt Coloiirs, iHl.’l, 2, lOH) 
stafcH that all (iv- H|)rcic,H of tlic >')ini or heather 
found in fliral Ihilairi are, lie helu'vi-s, capable 
of giving yellows niiK h liki- those obtained 
from dyei's lu-own. According, however, to 
the cxpi-rnnent.s of ,). . 1 . llnnmicl the K. 
Mrah.r (Im-U liouthci) and A' nn'Ka contain 
only fraei-s of yellow colouring matter. Jyuch.s 
fl'’arhi-n n. Farbcliiinde, 2, ‘12<l) refers to the 
tunning projs-fty of heather, and notes tlmt tlie 
efleel, i'i-senJ*Wi-H jil eiiaiaeter that, givi-n hv oak 
bark II. K. I'l'ieliT found it to (oiitaiu <i'4 
of tiumui, 'I’lie eolouring niatter wa.s 
isolated by i’eikiii uji(l Xew billy (('hern. Soc’. 
'I'laiis Isttit. T.'i. SoT) fr'om an arjursuis extr’aet 
of the green portion of tlie plant, in which it 
appi-ars oii|\ to leside, liy pi'ceipitution witli lead 
(leelate in the ii.siiat matiiier. It proved to be 
iiieiitieal witli the giuuifi/} of (pier'c'itron bark. 
The dyeing properlies of heather, thoiiudi 
(listmelly weaker, air- so hmuiIut in charaeter 
to thoHC giwii li_\ ()uei(ition hark as to require , 
no sja'Ctal description. ICxjiiTimenl hIiowciI i 
that Itti jiai'ts of tlie liealhiT wr-re necessary to 
obtain as goorl a n-siilt. us that given l)y 10 yiarts 
of querpilron bark. A. (k 1*. 

HEAVY SPAR. Nativu bariiini siilpliatt’ r, 
lUuyTKH and liAiirr'M. 

MEBBAKHADE (I’fM KKSI.VS. 

HECLA POWDER e. KxPi,os(\ v.'i. ‘ 

HECTINE. ’I'rade name for sodium benzo. , 
suli>ho*;i*anunoplie!U’larsitiat.e. 

HEDERAGENIN, HEDERIC ACID v. h% , 
nrt (tc.M nicsiNs. ' 

HEDERIN. A poistinons glueosidr* 
huind in ivy. Dextro.rotary fa]ii | 
“^lt’e27'^. Hy liydrolvsis yiidds iliRninose and 
hcthrUiun' ervstallisiiig in rhomiue 

prisms, m.p .‘121’. and sulihming witliout 

decomposition, Mederrtie aids as a yuiwerful 
CAtlmrlie (ilomias, (’ornpt. rend. 12H, 1402: 
Juaniu, %hui. 128, 1470). 

HEDERO TANNIC ACID r. /r-y (Ji m iunins. 
HEDGE-MUSTARD OIL. An oil mnnufae- 
tim’d from tin' so called hedge-inustartl or 
bank-orcsst'.s (linjilKviu.-i ii<i}ihaiiintnnr, |Liiin.]) 
cultivated in liungary, and n.sr^il as a sub¬ 
stitute for nqw’-.seed oil. 'J'hc oil is brought 
to the market eitlier by itself or mixed with 
ra|)e-Beo<l oil, and is oecasionally sold under 
thin latter nnme. The siliquous fruit of the 
plant nientiontHl Is'nrs Utile seeds which dontain 
20-35 p.c. ink This eun bt' for the nu>8t part 
obtained by im'ssing. It has a dark olive-preen 
colour, and an odour luul taste very similar to 
rajW'Seed oil: its ilensity and faculty for Bajami- 
fying with alkali is also nearly the same, bo that 
it ia difficult to recognise it in a mixture of the 
two oils, ValcnLa has tested the two oils as 
regards their behaviour with the usual reagente. 


On acting upon them with ooids of different 
strength, such as sulphurio and nitric acids, a 
mixture of these, aqua regia, phosphoric acid, 
A'c., as well as with oxidising mixtures, as potas¬ 
sium dichromate and sulphuric acid, or concen¬ 
trated iiitrie acid .saturated with nitric oxide, 
various colours are produced with both oils, by 
the. shade and intensity of which they can be 
fairly readily distinguished. The. following re¬ 
action IS most f-haraeteriatic for hedge-mustard 
oil ; abouf grams of the oil are saponified with 
potassium hydroxide and sjiirit W'ith wanning, 
and tlie soap thus obtained is filtered from the 
nnehangedp oil, which is golden-yellow, and 
almost odourless and taHteiess. On adding a 
largo excess of hydro<-hlone acid to the concen¬ 
trated filtrate, it assumes a distined green colour 
if a somewhat lai-ge jiortion of liedge-mustard 
oil be present (.1. Soe. (’hem. Imk 11, 181). 

HEDIORITE. Syji. for tin’ lue'tone of 
a-glucoheptonie acid. 

HEDONAL r. SwTHnm’ 

HEGONON. A eomhination of albumose and 
ammonio-stlvor nitrate. 

HEINTZITE, HINTZEITE, r. Kaijuouitk. 

HELCOSOL. liim-uth pi/fofifiUale. r. Bismuth. 
OKOANicroMi'oi'Nosnf; andSvNTiiKnr nium.s. 

HELIANTHIC ACID (’uHuOh. An acid 
found ill Hunfiowor soi'ds (Luduigaiid Kromayer, 
Arch. I’liarm. fii.l 90, 1285). 

HELIANTHIN r. Azo -colouhiso watter.s. 

HELICON. Svu. for acetyl suiievlic acid. 

HELINUS OVATUS (E.‘Meyer, mvt. ord. 
JUiamvacen) is a climbing slinib imiigeiiouB to 
S. Africa. According to Ouodson (('hem. Soc. 
Trans. 1920, 117, 140), it contains aeonitic acid, 
(pierei'lln. a sa[)onin, uiul scyllito). a substance 
first iHolatisl from eertain plagioslomous fishcB, 
but found also in ii number of plant ]irodncts, 
L.ff. aoonis of tiu’ eonimon oak iind tlie loaves 
of ('(K'QJi phi7)io.m and imafeta {cf. J. Midler, 
Her. HH)7, 40, 1821 ; K. Muller, Chem. Soc. 
Trans. 1907. 01, 1707 ; 1912t 101, 2282). 

HELIOCHRYSIN v. Naimithalknr colour. 

I.ST, MATTKUS. 

HELIOTROPE r. Azo- rnLouniNo statters. 
Quartz. 

HELIOTROPINE i.s a oiystallinc, volatile, 
poisonous alkal'ud of hitter taste contained in 
Hehoiropium KuTopnim (I.inn.), and W, 
PeruvHinmn (Lmn.) (liattarulicr, R6port .de 
]*harm. 187(5, 4, 048). The name is also 
applied to a perfume (r. Pii'Ekonai.). 

HELIUM. Sym. He. At. wt. 2'99 (Wataon); 
4'0tt2 (Heuso); 4*(Kd (Taylor). Thks clement is 
the lightest member of the gniup of inert gases 
discovered by Rayleigh and Ramsay. Its place 
in the }>criodic classification is before lithium. 

Uisioirj .—During the solar eclipse of 1868 
.Tanssen observed in the spectrum of the solar 
chromosphere a line in, the yellow, nearly 
coincident with the sodium lines D, and D^ 
which was not attributable to any terrestriu 
substance. Lockyer and Franklaud supposed it 
to be due to tbo presence in the sun of a new 
element to which they gave the name ‘ helinm ' 
Ihe sun). 

Palniieri (Gazz. ehim. ital. 1882, 12, 556) 
observed that the helium spectrum could be 
obtained from certain voloanio rocks and lavas. 

Hillebrand found that the gas evolved fiom 
the mineral umn*niU gave a fluted speotarosit 
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by lum aitfibuted to nitrogen, but aftorwarde 
proved to be duo to helium (Bull. U.S. Gool. 
Survey, 188S, 78, 43). 

The diHcovcry of tcmifttriul helium wan made 
by Ramwiy when searching for argon, Ao., in 
tne gases evolvwl from the mineral rfriri/r, and 
its prosenco in the atmosphere was first noticed 
by Kayser ((’hem. News, lH9r>, 72, 89), who 
detected the helium lino in the air-sjK'ctruiu. 
For a bibliography and account of the ciuhcr 
investigations on helium, .-or Bainaay, Ann. 
C’liim. 1898, fvii.j 13. A claHsitiod bibluigrapby 
of the bterutun* of hohiim has Iwcn compiled 
by E. 11. of the Amcncaii Bureau of 

Standards (d. Ind. Eng. Clu-ni. 1911), II, 082). 
Soddy, in llHi.'J, showed that helium us forineil 
by the disintegration of radio-uclivc bodice 
(r. iitfrn). 

Occuniitn .—Jt is now kiioun that helium is 
very Middy ili.stributeci. though it occurs only 
in minute quatitities. It is pre.-^ent in air in tin* 
projiortion of O’tMHHi.'iO p.e. by vviaght or 0'0OU4O 
p.c. by vubime. i.r. uboiit 1 \oliitne of lieliuiii m 
2i'X),0()() V"ls, of air (Banusay, I’roe. Boy. Soo. 
1908, 80, A. j 9S>). ifdiinii also ocoui's m many 
minerals, of Minch the chief ar<* drintt, hnxjcr/l', 

. urminnff', and frr(/usiinit<\ and it lias 
l>een detciled in the gases of many mineru! 
Hpnngs, f.ij. Batli; in tho.si' of th<' l^yrences 
(Bouchard, (‘onipt. rend. 121, 392); of Wildbad 
(Kayser, (’hem /eif 19, l.")49); and of ,Mai!5i(''re8, 
the gas from the IuIUt containing o',34 p.c. of 
helium (Moureii, (’ompt rend. 121, 819). 

The gas obtained fnim minerals usually 
consists ]>niK'ipally of helnim witli about 10 ]uc, 
of nitrogiMi and smaller aniounts of argon, &c. 
in vicM’ of the cheinieal inertness of helinni it is 


produced in tUo United States. The gas 
oontainod 02*5 p.c. of pure helium. It was 
stored in steel eylindorH at a jiressure of a ton 
per squnivt inch. Each eylinilcr ooiitaining 
2(K) cubic feet when exiHised to atmospheric 
presHurr ((’hem. Abst. Aiikt. Chem. Soc. 1019, 
13, 22.78). For a description of tho mode of 
extraction and jiuntication. net- McLennan 
(dicm. Soc. 'J’rans. 1920, 117, 923). It has 
also iK'ien found oeeluded in meteoric iron 
(Ramsay and 'I'ravers. Broc. Boy. Soc. (K), 442), 
The following tabUi of ntincnil spriiiga from 
Mliieh gas, containing a large jicrcentago of 
hehuni, iseinlvi'd, isgivi'ii hv Moutx'UandLopapo 
((’ompt. rent! J!M2. 13.7, 197);- -- 

4 ' 

Vl<4ti In litres jwr 
}l«-liuia ; year o( 

, , , pc 111 ) 

Loeatjoii uf h|irmg uaturd ; ' 


SaiiU-nav 

hoiiree l.ltWim . . l(i m : .'il.OOO 5182 

„ (liuiiot . iM»7 j;u,0U<i 17,846 

,, honfainn Stili'x* • h mi 

MaiaU'TuH (CwtC'd'Oi) 

Soiinv Itonudiie. ; 5 1)2 ' 18,261) 10*0 

(irlsy (Mu'itic-et-Loin') ! ! 

.source d >> . . | 2 18 . - — 

Bourbon Laiicy (Su<>iio j > 

otd/oire) - I ; j 

Hource du bvxiibe . ; ; h 1 ;.47,i)00; 10,074 

Niris (AllliT)- ! ' I 

Soiiroe (!<5sur . . ! 0 07 , J,:)04,tXK) 33,OW 


of intcri'st to know in wbat state it oxists in 
minerals. Uamsay and Travers liavo found 
that, by tlu' aetlon of heat ulomt, almost exactly 
half the total helium in the mineral is evolved, 
whilst by heating vwith sulplinrie acid tho M'hiiie 
is obtained. 'I’lic evolution of gas is also m 
some eases accompanied by an evolution of 
heat, suggesting that the helium is prcM'nt as 
an endothermic compound (Broc. Koy. fcit/c 
1898, ti2, 32o). (iray has investigated the 
conditions under mIhcIi helium is liboruted on 
grinding minerals, and finds that its evolution 
wgins when the particles liavc a diameter of 
lOp and attains a practical limit whoa the 
diameter is Hu, 28 p.c. of the helium contxmt 
being then liberated. He cooiludes that the 
helium is contained in a structure which is 
large compared with the molecular slruclure 
(Proo. Boy. Soc. 1909, 82, A. 301). 

Strutt has investigated the accumulation of 
helium in rocks in geological time (Proc. Roy. Hih-, 
1008, 81, A, 272), and concludes that it is due to 
nnlfii nwii favourable^circum.stanet*8, as tho rate 
of loss of helium from minerals under experi¬ 
mental conditions is much greater than the rate 
of production from radioafiive emanations (I’.i.) 
(Proc. Roy. Soc. 1909, 82, A, 100). 

Helium occurs in the natural gas of Kansas 
and of Fort Worth. Texas; 184 p.c. was found 
tn Uie gas at Dexter, ('owley (Jo. ((’^j^and 
McFarland, J. Amer. Chem, Soc. J907, 29, 
1528). A [daut was erected at (Jalgarv (CJanada) 

^ separation of helium from the natural 
OM the Alberta fields. European 

war about 200«000 culrio feet of hgltem ^eie 


J>a BuiirlKiuii! (Pu\<(l<i- I I ' 

Duine)- - i i I 

Soiirte {’iiouK^y . .1 (i I 8U,484,fl00i 3048 

• I i_ 

If the helium be asHumed to come in tho first 
►lace from nulioaotivc diHintegrations, it may 
H‘. looked utKjn either as nasiicnt helium evolved 
immediately it is produced or us dissolved, or 
►^nciont helium evolved by the disintegration of 
ininoraLs in which it has been absorbed. * Tho 
quantitioH are, however, loo large for tho former 
view, and it is more j)robablc that tho immediate 
, source is dissolved helium. It is to bo noted 
also that ino.st of the above stations, as well ss 
other sources of radioactive gas, are grouped 
in the ncighlKmrhood of a line drawn through 
the towns of ABmlins, Dijon, and Vesoul (J. 
Soc. Chem. Ind. 1012, 31, 720). 

Preparalum and purijrcalion .—The prepara¬ 
tion of helium always involves iU soparatioa 
from a mixtfiro with nitrcgen, argon, krypton, 
Ac. The mizeii gases may be obtained by any 
of tbe following methods :— 

I (1) Frx>m ‘ atmospheric ’ nitrogen, by passing 
' tho ga- over Ix'ated magnesium (Hamaay a nd 
Truvefs, Pro^ Roy. .Soc, 64, JH3) ; or a heated 
f mixture «)f magnesiutn and lime (Moquenoe, 
Compt. rend. 121, 1147), when the nitrogen is 
absorbed and the inert gases can be oolieoted. 

(2) By fractional distillation of Uqnid 
according to the method of Hamaay and Traven 
(PhlL Tmns. 1001,197,47). Claude has designed 
an apparatus for producii^ considerable quon- 
; titios of the lighter constituents of the fttno- 
; sphere (Compt. rend. 1908, 147, 624). 
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(Il) From certain uimoral wju-ings (For 

motfiodK of cnJlcctijJg the gawcs gee Travers’ 
iStuiiy of fJascH, cljaji, iv., and Proc. Kov. Soc. 
OU, 442 .) Till- from King's well, Bath, con¬ 
tain U 12 {).( (if heJium by voluiiu*, and have | 
boon used ns u hoih'ci; of the gas by Jtayleigh ! 
(Pruc. Roy. Soc. IK’JO, oil, lUS), the oxygen and j 
nitrogen bfuig si'jmralod as from air. It ia 
calculated that this well ju’iiduees about 1000! 
iitn's Ilf heiiiiin annually. 

'I’Jie W'lldbad H|irmgs conLaiii 0-71 p.c. of 
liehum. For (ietermniatioij.i of the amount of 
tielnim m vanous niUnral gaacH, .stc McJ.,enniui 

(•1) By liealing (■I'ltaui niinei'.ds alone, or 
wi^h diluU' Htiijiliune aeid oi ueid jiotinsaium 
auljiliale. Tins is jiiobatily llii; best tiuifeKl of 
jiit'panng lielium, and may lie (arried out as 
iolloUH : -- 

The nuneial in (ine jmwdei' is iiitiodneed into 
H M'iile tuhe of hal'd j^lass or iron aealed at oiu’ 
end and conuected by a iiibbei joint with a 
inanomeli-J ami a n-seivoir. m wiiieh tiie gas ; 
can be collected o\er Jiieieury, ^ The whoh; 
apparatUH is eomplelely evacuated and (lie tube 
slowly lieati'd to redness. When, after some 
hoiu’s, Die ev(i)uLion ol lieliiim becomes very 
slow, Die iieating is sloiipeil nnd the gas is 
pumpi'd out ol the K'.suivoir (Travers' Rases, 
lU). Fusion with an eijual weight ol acn! 
lotassuim suljiliate in a haid glass tube gives a 
arger .uehl, but minh frothing takes jiliiee, 
and a jirt'feiuble iiicDioil is to heal wiDi dilute 
ttulpliune acid in an ev.ieiialed flask (Travers, 
Proc. Koy. iSoe, isDiS, t>l, Rll). 'I'his is a com. ^ 
iMvrutively clieii|i tiielliod ol [iiodiietion as 1 giani i 
of clevcile yields over IPU e.e of lielinm, and j 
a kilog. of the miiieial can be olitained iui I 
Hi. 

From the imxluiv of gases thus obtained ]inie 
may be isolated by one of t}I(^lolluwing i 
proci'saes i~- | 

Jac4|uurod and Penol iiave fouiul that (juart^ | 
is jiermeable to helium at ItliKJ -llldO''; Dieie* j 
foie by surrounding u (jiiari/ tube with imimie I 
helium at that fein]KM'ature and pumping away j 
Dm gas from the inleiiuf it can be obtained five ! 
fnim nitrogi'n ami otiiei ineit. gases (Compt. 
ivnd. ItKiT, l-if, 13o). Walton Ims shown liiat 
thia process is not jiraiUeable with sonu' kinds 
of fut»i‘d quartz (t'liem. Soe. Tians. IDlU, 812) 
lUnisav's method eonsi.'^ts in iiitrodueing (he 
impure gas ml" a Mictions tulie eonlaimng 
charcoal at the teiiiperalure oi liquid aii (J'luc. 
l\oy. fcioc. llHl.*). A, 70, ill). I'nder these eoiidi- 
tions all gases (‘xcept hchuiu and neon are 
completely condensed, and the vajiour pivssure 
of neon is so much less Diaii that lieluiin. (hat i 
hy systematic repetition of the jirueess a jx'rleclly 
purt‘ product can he obtnimxl (Watson, hr.). 

For a contuuioviM iluw apparatus for tlie i 
purification of impuiv helium mixtuivs, | 
Edwards and KlwortUy (Trans. Jtoy> Soe. ' 
Canada, 1919, Ri, [ni.j 47). llelihm containing 
at laaat 12 p.e. of impurity can renihly Ik* 
purifitnl by luisstug in a cimtiiimniH stivain over 
cliarooal at the (I’liqK'rature of liquid air or 
oxygon. The liehiim is not aksurlKHl. The 
rato of flow otui Lh- mcreasiil to at Ich.hI 10 litres 
|K'r hour without lUvivawng the idlieieney of the 
absorption. By the um' of two or more aet« of 
vhaix'OAl tubes iu panUlel the proceofl may be 


made cuatinuous, as the charcoal may be 
revivified without disturbing the flow. 

Propertm. —Helium has so far resisted all 
cffort.s to cause it to combine with other elements. 
It appears, however, to bo absorbed to some 
c'.xtciit by the finely divided platinum deposited 
on the walls of a vacuum tube with platinum 
electrodes hy the continued jiassage of an electric 
thsehai'ge (Travers, JToe. K 03 '. .Soc. bO, 449). 
'I'hiH aflords a method of sejiaraiing small 
.iiiiounta of helium and argon, as the latter ia 
only slightly absorbed under Diese condition.s. 
t'ookc has found tlnil zinc vaporised in helium 
lias a vajjour density 12 ]i.c. greater than when 
\.i|ioi].sed in nitrogen at the same tempera- 
line (Zeitsch. jthysikal, ('hem. 190(1, 537). 

'I'liis indicates some leiideuey toward combi- 
n.itioii, 

'I'liere is possibly some coniieetion between 
Dll' elieniical iiu-rltiess of the gas and the fact 
that its moleeuk's are luoiiat'miic us shown 
b\ defei'iiiinati'iiis of the i.itio of tlie sjiecilic 
heats, Behn and (kager, using a modification 
ol Kiiiidts' nielliod, iiuve found the value 
•‘(//Pi — I‘53, which agrees with Dmt ic-qiiircil 
by tlicory and found expeiimeiilally m’the ease 
ut otlier monatomic gases, < y. mercury (Jier. 
dent, jiliys. 11Mt7, U.'i7). 

Tlie following detorniumtioii,s of Die density 
of liehiim have been made ((>_]()) 

Raiiisiiv and Travers (Bliil. Trans. IIMJI, 197, 47) 

Ol/.cwski (Ami. Phy.sik. PKh", jiv.J 17, 097) 

1 )=- 2'00 

Sehierloh.I) —1-98.5 

Dunes (LevdtMi, (’otnrn. IIKIH, No. 108) l)--2'02 
Watson (('hem. .Soc. Trans. IDIO, 97, 827) 

Aceoidiiig to ifeuaii (Jler. dout. phys. Ges. 
1913, J. 0 , 518), the weight of a normal litre of 
helium IS O’nSotiiU'OOOOy gram. ]t is next to 
iiydi'ogeii the lightest gas known, and may Ihi 
used for filling balloons for which it is preferable 
to liydrogcn tin aiieount of its nun-inflummabihty. 

The tact that helium is both non-uitlammable, 
non-expioHive, and pos.sesses 92 p.e. the lifting 
jKiwor of hydroj'en, iiiaki's it a most suitahle 
filling for aiiship (iiveUipcs. By the use of 
Inhuni, the engme.s of au’ships cun U* placed 
within the envelope il dchiieil. A further 
advantage possessed hy hehum over li 3 ilrogen is 
that the buoyancy may be iiicreased or <lecreased 
at will heating and cooling the gas by dt'ctric 
Oi- other moans, which fact maj ]K)ssibly lead 
to coiiMdeiable modjlications m the technique 
of airship manu'uvnng and navigation. Moiv« 
over, the loss of gas from thflusion through the 
I'livolope is less with helium tlian with hj'drogea 
to the extent of about 30 p.e. (MeLennan, l.c.). 
Hehum maj' be mixed with hydrogen to the 
e.xlcnt of 2ti j).c, wiDioul the mixture becoming 
iullammable (latterly and Burton, Trane. Roy. 
fSoc. ( aiittda, 1919, 13, [ni.] 211; cf. Ledig, 

' J. Ind. Eng. (Jhem. 192(t, 12, 1098). 

The molecular weight is taken as 4*00, and 
as tl>e‘ gns is monatomic this is aim) the atomic 
w<nglit> 

The rtdraetive index of hehum is about 
1 090035 for the whole of the visible spectrum, 
tbe dispersive iiower being very small (Sehael 
and Scnnddt, Ber. deut. Phya. tics. 6 , 



UEHELUTHEMOL. 


0]i 


207; Hermsao. ibid, 1908, ti, 211, 246). The 
accurate value of ft for the 1) linos is 1 ‘00003£(K> 
(Burton, Proc. Roy. Soc. 11)08, A, 80, 390; 
C^lthbertBon and MoU^alf, ibid, 411). 

Helium is diamagnetic ('ranzlcr, Aiui. 
Vhysik. 1907, [iv.] 24, 031). Its cocilicicnt of 
srdubility in water is less than that of hydrogen, 
being 0-00967 at 0^ O’OOOOO st 2(»'\ and O-OlOK 
at TiO'' (AiitroiK)ff, Zeitach. Klcklrochrin. 

2"), 260), Helium roaeinbies hytlrogen also lu 
that the product of pressure tiiul volume increaseH 
with the pressure, and it is tluTcforc used in 
tbennomutry at low tcinfM'raturcs. ^ 

Iron, platinum, jialladiuni, and platiiiuni- 
iritlium arc all iiti|)crvious to heljiirn at tempera¬ 
tures up to J.KMt I Dorn, J’liys. Zti;- 7, 3J2). 
The Bjieetiutii i)f helium is fharaeteriscil by the 
Itroseneo uf a stiong line, I>^, in tlie yellow 
(A=-5876), which lia.s Im-cu shown 1o he (iouhle, 
jind a bright gn-en line (A -j.VHh) (i f. ,SUrK', 
Bor. l>cut. jjhys. Dew. 1014, Ih, 4hK). 'I’he eolom 
of the glow given liy llie gas in a i’liiekera tuh<‘ 
varies with the jircssuro, hcing \ellow at 7 nnn, 
and grtH'ii at 1-2 nun. pressure, aceordnig to the 
strength of one or (>t)u'r of lii(“f>e Imi'h. ’j'lns 
]ihenon)onou U<d Bunge and raselien to assume 
that helium eoiisisls of tw'o ( oinp'ment.s (Mature, 
1893, 52, 52U)- 'Hns idea has been dispioveil 
bv aubsoquent exjaunin'nts (Xature, JH07, oti, 
380). 

After inuiiy fruitless attempts lielium was 
first liquefied by Otnies (I’roe, K. Ae.ul. \\’t:teiiHeh.^ 
Amsterdam, lIKiO, 11, IbS; t'oinpt. rend. 147, 
421), who found that when cooled in solid 
hydirogen it gave th(' Joule-Kelvin ellV'ct on 
ex]>ansK>n thiougli a Hinali noz/.U' and could 
therefore be liquetied by the Inmle ]>roeesH. 
Prom 2iHJ litres of the gun )io thus oidained 
over 60 c.c. of iKpiid helium in 3 hours. 

Jt ia a colourless mobile liquid of density j 
0'122, being llius tlic lightest ]i<|(iid known, it | 
boils at 4 r>’- absolute, and has u onlical tciuiiera- : 
tiiro about 5“ absolute, with u critical prossuie 
of 2-75 atmospheres. By the rapid evaporation 
of liquid helium a tompcraluro within 1® or 2'’ 
of the absolute zero has In-en reached, but there 
was no indication of the formation of the solid 
(Onnea, Pnx*. K. Acad. WeUinsch. Amsterdam, 
1909, 12, 17o; ihul. 1911, U, 67K). Liquid 
helium has a point of maximum density in tbi‘ 
neighbourhood of 2^ absolute (Onnes, (.'ommuni- 
ealion from Phv». Lab. of Leyden, l^o. 119). 

A method bas been doscrils'd bv Bordas 
(t'ompt. rend. 1908, 146, 628) for tin? dctccti<ui 
of small amounts of lieliuni by means of a 
Pluckcr tube eonnocU'd with a Dewar tube con¬ 
taining charcfial (Dewar, Pioe. Jlo\. Sue. 1904, 
74, 127). 

Methods of determining small amounts of 
helium and hydrogen in air by means of the 
iJamin interferometer have Iwca doncnbed by 
McLennan and Elworthy (Trans. Roy. Soc. 
Canada, 1919, 13, [iii.j 19). For the application 
of th6 caAarometer for the estimation of the 
helium content in a mixture of gaetw, Murray 
(tdm. 1919, 13, [iii.j 27). 

Tschermak has suggested the use of a vaciwm 
tube containing helium as a standard in spectro- ; 
Bcopy, and as a source of light in determining j 
tefni^re indices, Ac. (C'hcm. Boo. Abstr. : 
19(^ K. 189). CoiUe haa. |pund that the | 
spec^iD uf helium is considerably modified by i 


the presence of mercuiv vapour and rccommmds 
! a helium-mercury tube cuntaiuiug a traoe of 
! hydrogen as a standard in sjxjctroacopy (l*roo. 

: liny. Buc. 19U2, 71, 25). 

1‘roduction of hihum from nuUoactivc elcmmUi, 
-The gas evolved fruiii a solution of radium 
bromide \h a iiii.xture of oxygen and hydrogen 
with a nidionctne emanation, which can be 
obtained pure by eondeiiitidioii ut u low tcrit[>ora' 
tine. Wlic'u voiatiliMcd into a closed space iho 
enmnatioii piKisphorc-si'cs and give.H a eharaeter- 
Htie Bjieetruin. hut in tlie cuurHO of about four 
daiM the ladiuiutmty iliHappeurw and the 
speeiiuin ('hiinL'<'s to that of lieliuni (Bainsay 
and Sndd\. Proc, ibiy. Soc. llttKl, 72, 294; 
l!tt>l, 73, 346) Dining this eliangc the voluino 
niereaH<‘.'i to tlm-e tirncH that of the original 
emanation (Dew.ir and (,’ur‘ie. Conipt. rend. 
19<l4, 13H, i'.H), liMinkaoji, I’liysikal. Zeitsch. 
!!H>4, o, 214 : llimstedt imd .Meyer, Ann. 
IMiy^ik. 1!MM, 1.-,. ISI). 

it IB }r|-olialil<' tluit heliinii la the tiimi product 
of the (li.sintegialion of radium. The rati* of 
production ol lietinm is U’37 eul», iiiiii. per day 
from 7(1 mgm. of ladium ehioiide, and agroos 
with (hat ealeiitated lo’ Biitherford on the 
nssuin[)tion that a-particles are helium atoms 
eairving two mine ehiugi's (Dewai, 1‘jix*. Roy, 
.S()c.‘ 1998, hi, A, 28(t). 

lleinuii ns iiImi u product of tin* disintegration 
of aetnnuiti ((iiesiL Her. BKf7, 49, 3911), uiid of 
thorium radmaetivily (Strutt, Proc. Roy, Boo. 
l!M>7, 8tt, A. r»(i). 'I'lic rat(5 of producUon in 
tins case also siippoits the view that the a* 
jiartielo is irlentiea) witii the lislium atom 
tSoildv, J*hil. Mag. BK>8, [vi.J It), 513 ; Physikal. 
Zeitsc^i. Jff69, Id, 41). 

HELKOMEN. Trad(‘ name for a basic 
hisrnulh dihfoinohydroAynnajdith<mte. Yellow 
odourless jiowder. Used as a substitute fur 
iodoform. * 

HELLANDITE. Siiieat<> of yttrium, erbium, 
caleiuui, aliimnnum, and manganese orystailisod 
in tlie inonochnic system. One anaivsis showed 
V.Os 19‘29, Kr/ia !rv43. I*()i p.c. Tho 

I ei^'stals aiu priHinatic in liahit, and wnso fri^h 
are nut-brown in colour witrii a resiriuus lustre 
on the conehoidal fracture. Bp.gr. 3’70 ; H. G|. 
'Fhe mineral is readily solulile in hydroehlono 
acid with evolution of eldorine, and it ia fusible 
in the Bunsen flame. Usually, however, it is 
much altered to a y ellow or whito earthy material 
which is optically isotnipic and contains much 
water. The crystals an* found singly, in associa¬ 
tion vith toiirmiiline, npatit<*, thonte, orthite. 
Ac., embcildiHi in the granite jicgmatite-veins 
I which are quarried for felspar in the neighbour' 
hood of Kragerb in the south of M’orway. 

L. J. B, 

HELLEBOREIN, HELLEBORIN, HELLEBO- 
RESIN, HELLEBORETIN, r. BlIok hkujebobb 

Ho(.)T. , 

HELL-HOFflTE r. £xn.osivEs. 

HELMITOL. Trade name for a compound 
of hexamethylenetetramine (urotropine) and 
anhydromethyieiie citric acid. Known aJso M 
iicurotropbinc and iirojmrgol. A mixture with 
hetraline forms citramine or citraminoxyphen 
(f. BH»THBTld DHUUS). 

HSMEUJTHEIiOL v. Phenol asu m 

MOtfOLOUCES. 
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HEMIMORPHITE for KJci;trie Calamine). 
liydrouH Hiiicutv <if y.iiu', ll 2 Zii 2 Si 05 , crystal- 
liHuiK in tin- o]ilti)rhi)nil)ir sVHtom, and an 
import.lilt Dll' rit /me. 'J'lic uaUir is expelled 
only «t '* lod hr;i!, aiul the formula may be 
Mnllrij aft an io icl Hall or as a basic metasibcate 
Ziij(Ojf),^SiO.,, <ir as a biiHn’ d)oiih(xsiUcat<‘ 
H.,Zi) 2 fZiiOH)jSi(iiii])orlAnl chemical 
t hatiU'Icr. of bclji in i(‘co;'m8in^ tlie mineral, 
iH till- furl iliut It readily Kclatinises with 
■KidH. (VyKtul.s are not uiu-uinnion, but- are 
Usually Himdl ; they are often yioujicd in fan- 
like iie;'t'eeafes, at the ediieH of 'W'lueh the jicHect 
pri.smatie eie:i\,tee witli j«“arly lu.stie may often 
be Keen. \\'lieii doiitily It'rminated, they sln.nv 
a < hiir.ii (eiislK lieiiiimorpliK; development, 
dilTi‘r<-n1 kinds ol faeen beine present at tin; tu’o 
ends tif llie M'l’ti'ul axi.s. Connected witli this 
jiolarit} ift lh<- slioii^ jiyroelei I iie eharaeter of 
tlie ervHtals. 'I’lii' mineral also forms nuuinlluted 
and stiilaclitn masses; nr it niav be nmssive 
and i-avernoiift and eellular, bemt; tlien often 
mixed uilli elaw-v niatti'r (jr sniith.sonil*'. 'I’iie 
colour laimi’H from white to >'eilow and brown, 
and IS Hoimtiines luij'lit bine or f^ri'en. Npyr. 
d'l."); H. ~). lleinimorjihite usually occurs 
in aHHoeiation with zinc caiboiuite (snnihsonite) 
and zinc lilemle and ores of lend, often as veins 
and beds mi limestone strata. Fmo lar|ie 
erystiils are found at fSaiita Culaiia, Cliibuahuii, 
Mexico, and the nniienil has Is'en inmeil as 
(III ore at si'vend loeahtics, r.r/. CiimlK'rland, 
Altenbei^' in Uhenish I’russia. Sanlima, San¬ 
tander, Hungary. Kiiodesm, L'liitcd Slates, 
hritish Coiumhiii, Ac. 'I’he amliij;uoiis name 
calamine ('/./•.) is offen applied to this miiicnil 
ajM'eies. L. ,J. S. 

HEMIPINIC ACIDS n-Ikmipiniv 

iiCid (If: A-dimethoxi/bvnzrnr- 1 : 'i-ilianhoxijUr. and) 
IH IV '[irodiict of oxulivtion of narcotiiie (Wohlei. 
Annalou. IS4-}. .’>{), 17; Iflythe. ihih. -llf); of 
opiaiue acid {Heekefl and d, 1H7(>, 8(Ki) ; 

of borlK'rim' (Seiimidf, Her. ISHIf, 1(>, ; of 

eorydaline (l)ohhu« and Lauder, (.'hem. Soe, 
Trans. IHDf. .77 ; i/wt J,S<I.7. IS ibtd. ]S<f7, (>77 ; 
tl/iil. Mt); Martindaie. Arch. 1‘harm. I8bS, 
23f), 214); and of othei uikaloidH. It is pre¬ 
pared by boiliti" tlie oxide of ojuanie anhy- 
ifridi' with potassium fiydri'xule. The solution 
IH then neidified mui t-xtraeted witli ether 
((loldsi'hmidt. Moiiatsh. IHSK, l>, 7()ti). It 
crvHtallises with | and also witli 2 mulceule.s of 
water. 

Pro/Mrhes .— liolh in the normal ami the 
luetn acids the in.j), xaries with the rak' of 
heating. 7Vhen heated rujiidly it has m.p. 
about 18L (Jh'bbit' and Lauder, Chein. tsoc. 
Trans. IShO, (>78). U is sparingly Bohible in 
cold water, U'adily ho in alcohol; the aqinMius 
solution gives an orange-yellow precijiitat-c with 
ferric chloride, and no precipitate with silver 
nitrate solution. 4\’hen Jieated with ammonia 
it yields an imide Cv„H,NC* (Kuhn, Her. ISlfo, 
28, 80b). the potasHium mvlt of which when 
iieated with ethyl iodide at LV)'-' yields the 

ehar»i'lensUe. hriniptnrdivlii/iide ; ni-li. 1)2'^-'.Hi'" 
(C»oUiBehnu<li and OsUTsetzer, Monatsli. 18,S8, 

M JJelHTmaiw, Her. hsm, W, 22S2:, 

V wvxvwV ixwA Ti, 'I'-XA'*'). VvVien 

trwvk‘d with ]>hosphoru8 iientachloridc at 140' 
homipiuie acid yields the anhydride, w'hich is 
ttlao obtaintid by tho action of equal volumes of 


methyl alcohol and concentratod aulphurio acid 
on the acid (Beckett and Wright, Ic ,; Wegsehei' 
dor, Monatsh. 1897, 18, 849). 

The auhj/d/ide CjnHAlj forms briliiaut 
necdlea; m.p. l(>(>''-](>7^ It reacts with 
hydroxyquin<il, forming (Iiht/droxydimei/u3xy fiuth 
r<wt‘ia (Liebemiann and Wolbling, Bor. 1902, 
3.7, 1782), and with resorcinol, forming dL 
mcthoxyjluorewnn (Cricdl, Wcizmann, and 
Wyler, Clieni. Hue, Trans. 1907, 1584). 

Lagodzinski has synthesiBcd ahzarin from 
liciuipiiiK; ucid by treating the latter with 
benzene ip the jueseuce of aluminium chloride. 
'I'iie aluminiiyn compound so formed is decom- 
])()ft(‘(l with hydroelilonc and, and the resulting 
[iroduct C,.r,li, 2 C)r„H 2 ^^ ilissolvcd in cold 
.siiljihune acid and heated to KXf^". Tiio violot 
solution is poured on U) lee ayd the mono-molhyl 
(“tlier (»t alizunri ho obtained is dccmiiiioaed with 
hydrogen iodide (Her. 1895, 28, 1427). 

Tlic Mdhifl cMf i exists lu 2 moditicalions; 
111 .]). 121 122' and 138'- res}-eetively, the latter 

heing tiie mort' stable form at ordiiuiry tempora- 
liire (WegselK ider, jMoiialsh. 1,897, 18, 418, .589, 
(>29). 

Ollier e.sters (Wegsclicidi-i', l.r. ; Monatsh. 
11MI2, 23. 327. 381 ; Luiiduu, Her. 1898, 31, 
20!K); Cahn-Speycr, Monatsh ltK)7. 28, 803); a 
number of metallic salts (Sal/.er, Her. 1897, 30, 
1102), und many other derivatives have been 
obtumed ((JoldseJnmdt, .Monatsh. 1887, 8, 512; 
Iccileii, Hee. trav. ehiiii. 189(5, 1.7, 282, 323; 
'laus and Hredagi, ,1. ]»r. Ciiem. 1897, [ii.] 55, 
171 ; Hi'steizyeki and Kink. Her. 1898, 31, 930; 
Wegselieider. l.r.. aiul Mmiat.Hh. 1903, 24, 375; 
J>ohbit‘ and Ijaudei, l.r., amongst otliors), 

On gentle nitration, hemipmie acid yields 
eliiefly mtro derivatives, but on more energetic 
nitriitiun 5: ()-dimtru-2 :3-dimet boxy benzoic acid 
is formed (Wogseheuier, Monatsh. 1908, 29, 54, 
557; ibid. 1910, 31, 709). 

nhllaniptnir acid (4 : 5-(bmothoxybonzeny- 
2 : ILdiearboxylie acid) is a jiroduct of the oxida- 
tion of ])apavanne (Cloldschruidf, Monatsh. 1885, 
(i, 380); of Jaudanin {thid. 13, 095); and of 
eorvdic acid (Jh)bbio and Marsden, C'hcm. Soc. 
Trans. 1897. (i04). It is'also obtained by Iho 
oxulaUmi of trimcthylbrazihn ((xilbody, Perkin, 
and 5'ates, (’hi in. Hoc. Trans. l‘.H)l, 1400; ibid. 
11H)2, 1045); oi tctrainetliylhaimatoxyUn {v6td. 
10(51); ami of 4 : 5-dimctlioxy-o-toluie acid (Lufl, 
Perkin, and llobmson, i6<r/. 1910, 113(5). It oan 
be prepared occording to the follow ing method:— 

5 : C-Dirnethoxy-l-hydrindone (3 grams) is 
boiled with nitric acid (12 grams) and water 
(30 C.C.). 'J’he clear yellow solution is neutralised 
with sodium carbonate, mixed with hydrochloric 
acid until the solution turns Congo paper blue, 
evaiKirated t« drynesR, the residue mi.xed with 
sand and extracted in a Soxhlet apparatus 
with ether. The ethereal solution is dried over 
anhydrous scxlmm sulphafo, evaporated, and 
the residue dissolved in hot water, and after 
digestion with amuial charcoal and llltratiuci, the 
solution is allowwl to eviijtorate slowly in the 
air. it can uIho l>e obtamed by the oxidation 
of \'«>-nitnwodimethi»xyhvdruK!one with potad« 

Siam wm&ngamk, wMca gives an almost theo- 

relieiA yield (Perkin and Robinson, Obem. Soe. 
Trans. 1907,1083) and by heating aqueoui dinc^ 
thoxycarboxybopzoyl formic acid (Fori IdlL (M 
1902,1025; jcc elso Perkin and Yates, 
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i»-HeimpinioBoidoryst*lIi»«i with land with ing to Habcrlandt. the breaking atndn o£ a ooid 
™-p* about 190° ; of 1 sq. nm. aootion ifl on the average 34'&kUM, 
(IJoDtne and Lauder), and U much less soluble in \ In ManiUa hemp the fibrous bunuee are otsI, 
water than the normal acid. Its aqueous solution nearly opaque, and surrounded by a number of 
gives a cinnabar orange precipiute with ferric rectangular cells composing a ilriod tissue. Th« 
cWonde ^d a white preoipiUto with silver ; bundles are siuooth. Simil hemp forma oval 
heating it forms an anhydride, Hbnius bundles surroundoil by ooUular tissue; a 
m.p. l7o ; when fused with potash it yields few smooth ultiuiuU^ fibres projecting from the 


pmtocatechuio acid and carbon di«)\Hle. \Vhen 
treated with nitric aeul it gives dinitroveratrol, 
whilst on reduction it yields 4 ; o-dihydroxv- 

f hthalic acid {Roasin, Monutsh. 18U1, 1*2, 4S8). 

ts ethylimide has m.p. 22H"-2:i0 and unlike that 
from the normal acid, it is very sparingh’ soluble 
in methyl alcohol. 'I'he ethyl c-sters linve been 
proparod by Russin (l.c.) 

HEMISINE. Syn for Adienaline ; 

also Hvntuktk- dhimv. 

HEMLOCK SPRUCE RESIN e. 

HEMP. The niunc i»f various plants and of 
the fibres dfirivetl from them (s/c aU«) lU'^r- 
FiBfiEs). The folliiwnig list embnu'es thenc hbies 
under their Cf)mm»T('iai denoimnalions. uitli the 
names of the plants which pioduci'. them : — 


Cfunmon hemp 
African b.fwstnnc hciiii* 
liastanl hemp 
Bengal or Bombay hi-inij 
Bombay hemp (also) 

Boivstrmg (of IndiJi) liemjj San.'^t I'lnm J{f 
hurij/ui and others, 

Bowstring (of India) beniji 
(abo) 

Brown hemi» . 


(.suhrii 

(iaiin ). 

Suits,’rii rin (jinurfiiNii 
(\\'illd.) find others 
Diitiscu ian}Kil}fna 

(l.mn), 

('r,>tolan,i Jt/nffu 
( l/inn.). 

Ilihiiscii.'i C'uninhiituv. 


Brown (Inrban) hemp i 
(also) I 

h'iurida bowstiing liemi» , 

Indian (in America) heni]) 

Jubbalpore hemp 

Madras hein]i . 

Manilla hemp . 

Sisal hemp 
Sunn hemp 

Virginian or Water hemp. 


f'nhlrojii,i 
(Drvand ) 
f'rotalana 

(Liun.). 

nin/Ki- 

biHun (Linii.). 
San-sfvifrui lomjijlora 
(Sims). 

Afjccynum romia- 
bi/ium (Linn.). 
Crotalana jiincm 
(Linn.). 

Crotalaria juncra 

(Lmn.). 

Mum icxtdie. 

A<javr rff/w/u (Mill). 
CVo<«/rtri»i jnuca 

(lann.)/ 

A I'll ulu ran nabina 

(Linn.). 


bundles. It i.s more IniriMlueent than Manilla, 
and IS eharaelotisi'd by tlu' largo quantity uf 
spiral tibri'M in the bundle. 

Hemp is cultivated (1) for il-s fibre; (2) for 
its rt'siii ; (3) for the tul CfUitained in its seed j 
(4) for the seed itself. Tluf tough, elastic, and 
durable tibro is better adajitcd for the manufaow 
lure of cordage and sad clotii than any other 
known material. It i.s, moivover, employod for 
canvas, Ur|>aulin, and loacllin^. The finest 
quulifioH for these purjiosc-s are imjiortod from 
Italy ami Hussui. 'I'hc pixqiaration of the fibre 
IS similar to that of llax ; the kUuuh being bruised 
ami ■ rettcKl ’ or fermented pi water, after whicli 
they arc again bealen out and finally ‘ scutcUed ’ 
ami ■ liackled ’ or comhod (r. Tla.k). The water 
m whieli hemp has Ikk-ii steeped produces no 
evil etfeets on the health uf a district when 
allowed to tlovi into nininag water, but it always 
destroys the iish together with ccrUiu vegetable 
growths (Henouard, Bied. Zonti. 1880). 

The ruKin of hemp is tmiployod m India os 
f/ai/'(w, bfuitifj or suidhi, and giinjuy in which 
form it IK used for its inloxieuting and naroatio 
lirojK’i'ties. is l4ie resin itself; bhang 

or Middkt, consists of the dried resinous leaves and 
sUilks ; it IS used for smokitig, for making sweot* 

{ meats along with hmiey and sugar, or for form* 

' ing Ok i>otablo infusion. fJanid is composed of 


iiinna I fruiting heads of the female plant 

■' ! and IS similarly onqiloyod. In ‘ A Koport on 

I Indian Tibres and o....- 


Of these, CannabU sotau, nat. ord, 
eacetg, allied to the hop plant, fumbhes the 
true hemp. The plant is an annual, growing 
ordinarily to the height of 8 oiwlO feet, but 
sometimes exceeding that limit by several feet ; 
and it doubtless owes iU origin to some part of 
temperate Asia. On extend^ its habitat, the 
character of the plant changed with soil and 

climate, giving origin to the supposed varieties 

C. ekineneis and C. ind%c<i, the former of w'hich 
is oulHvated for its bast-fibres (hemp), while the 
Jatter is grown for its narcotics. , 

Hemp fibre ozamined by the microscope re> 
■embles that of flax in being round and ribbed; 
ft IkM a mean diameter of 0*2 mm., and exhibits 
ajipendages at thedoints. Accord- 


Fibrous Substanoos/ Sl>on, 
1887, It IS stated that Vunnabta saliva (var. 
thdiai) IS fkicfiy, if not exclusively, cultivated 
on account of its narcotic principle. It has 
been found tliat the narcotic-yielding plan t 
affords only a worthless fibre, and it is presumed 
lliat the chinato of India favours the production 
of narcfitic at the ox]K!nsc of the fibre. To 
attomi>t an extension of its cultivation, fis^l 
difficulties of a very formidable character would 
also have to bo overcome, fur the Government 
of India would never jKsrmit a plant of which 
the leaves and flowers yield so pernicious a 
narcotic to be widely grown. According to 
Hunter (The Indian Hmiiire, and its People, 
History, and l*roducts, 2nd e(L 455), excise 
I dtiliCB arc levied ujion these resinous products; 
Crli- ’■ the hemp which furnishes them U chiefly con- 
' *>'•-: fined to a limited area in KdjafaAhl district, 
Bengal, and t<9 the inner valleys of the HVmii-. 
layas. The u.se of them is a frequent cause, not 
only of crime, but also of insanity. Govemmont 
attempts to check cunsunijition-^first, by fixing 
tha retail duty at the highest rate that will not 
encournigc jmuoglmg ; and secondly, by ocntloa- 

ally raittiiu tlm rate as exfierience suggaata. 

The e^ct uf hemp-rosin and its oompounds 
on the consumer is at first to exhilarate and to 

E remote appetite. Further dosca produce di^ 
rium, sleep, and sometimes catalep^. 
Hemp-resin examined by T. and tL &mthi ii 
soluble in alcohol, and has a warm, IntteTf 
taste with a aUght odour. It meHs betir<» W 

Si. 
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ttud WJ , and has a jwiic-bnmn colour. Jt is 
called 

Tho oil m ijljfaiiicd by cxju'cssion from lljc 
bood, mIju Ji yu-liJM from 25 to .’{() p.c. of oil, and 
70-7"* of rofilunl rake UKod for cattle feed¬ 
ing. iilllitiij^di Hj)ai-iii^ly oil account (*f its laxative 
propcrticH. 

'I’lic seeds tlif'inscIvcH ar(‘ used as fond for 
I'iuis, sniiic kuids of wliicli arc iiioi-dinutcly fond 
of tlicni. 'r]j<‘V ale roiiiidisli, ovate, of u ^rey 
( okuif, aiul eoiilaiu j).c. »'f oi! and 10 p.e. of 
ulbuTumojdh. 

flic cHsejitial oil o| ('. .^lilt'll was jiiepaied 
l»y \j. Videnta ((Ja/./.elta, Id, 471» 4Sl) l>y dis¬ 
tilling the lies)) lea\es with wjtler and agitating 
tin* roMulling iinllvv disfilliite \m1Ii elliei. 'I'lie 
oil dried ovei ralMinn eidoiide and distilled 
J'cjH'atedIv lonii sodiiiin is eoloiirless and inolule 
(!>.]>. 2ot* 2.'».H 'I’lie alialvsih aglee<l mtll 
the formula i'lrJljjt ^h'' \ajxnir density could 
not he deterniiiied, as il, tlee(>ni|*oses at ddd". 
'J’liu CHHi'iitia! oil tniM's in all [irepoitionK \Mlii 
uleohol, ether, or i hloroloi in. 

HEMPSEEDOIL. 'I'he luniij* jilant. ('niiiKiiu- 
s/di’tYi (Ijiin ). IS cultivated m J'ranee, Ih'lgiimi, 
(Jermaiiv, ^orlhein ltal\, Algiaui, North 
America, hidia, .Manchiiim, and .Ia|ian. A 
large ijuantity of the Heed is still grown m 
Krarn’e, w hei-e t he oil i.s expiewsed for (inuiinereial 
j)injK)H(‘s. The Heeds yielil about Tl pi', of 
oil. 'I'he eolonr of the fieshl\-expressed nil i.s 
hglit gna-n to gii'enish yi'llow, w hieli liecoines 
hrow‘nish-\ellow on Keeping. 

Hemp seed oil eontaiiiH a few )m, of nohd 
glycerides, iiio.st likely palnntin, witli a Hinall 
amount of stearin ot aiaelnn. Tlie hipnd fatty 
acids in hemp s<‘ed ml eonsist of linohe 4ii al, 
and Mnmiler quantities of oleic, and Iniojenic (,ind 
»«wlinolenic (y) } acids 

Hemp Hcial ml is used a.x a paint ml, tiiough 
loHH frermently in tins eouiiliv than on the 
t'ontiupnt. Cousiderahje qiiantitii'.s ifie used on 
the ('ontineut for making unit hoap, chaructenscrl 
by a daik gii'cn col«iui., 'J'he joeer qiinlities ot 
hemp seed oil are Klali'd to he irsi-d in tho 
maunfaeture of vanuslic.s. 

It 18 poinctiines used a^ an adiilteianf }A 
liiifieod oil, and may also be presen! uceidentaily. 
owing to admixture of tlw needs piaii to ex- 
j>iT 88 ion. 

'I'he following Mtlues iin\c been iecoidc<l for 
gi’milne sanijiles of lienip seed oil: ‘''pgr. 
l.")°/ir>' , t) !t2S;{; Hupondmatioii xuliie, 

iotiine value, m.p. of fatty 

acids, l7*-2r. 'J'la* lux'scnco of Iieinp seed oil 
in liiifW'ed oil Would l)e indieated 1\\ the lower 
iixline value, and lower yield of insoluble 
bromides, J L, 

HENBANE. Hyondjamus. Jii.-'/uKunr, I'l ; 

Or. 

Henbane. Ifi/ascyamas tilgtr (Linn.) (Ih-nll. 
a. 'J’rim. 1!M), is one of the group of poisoiuvus 
plants bt'longing to tlu’ natural oixler .sWuHfiren- 
and is nearly related to ls'llad»)nnra. Btraiuonium. 
and dulioisia. It has Inam enijdoved in niedieino 
sinco the 7th century and an nlhoil a|HTies, 
having ftiTnilar projH‘rtn*a. H. nlKu,‘> (Lmn.) was 
known to DioHci'riiles. Tlieie nr** two varieties 
of }{. iiigt-r, one an annual and the other a 
biennial. Both are to Ike obtained in the market, 
but the leaves or given tojxs of seconcl-year plants 
(»f the bientuai variety are the offieial variety 


and mIiouIcI alone lx.* employed in medioine 
{Hyoscyniui folia, B.P.; Hyoscyavous, U.8.P.). 
'fhe seedH possess still greater activity, but they 
arc only used in the manufacture of alkaloid, 
lleribiino is a e<*arse hairy erect herb wuth pale- 
yellow flowers marked with jiurjile \ eins, and the 
whole plant evolves an un]>leasant odour. It 
occurs Wild tliroiighoiit Britain and most parts of 
J'hinqic, Asia, and Xorthcrri Africa, and has been 
naturalised in North and isoiith Ameiii'a. Hen¬ 
bane IS ciiqiloyerl a.s ii sedative, anodyne, or 
}ivi*notie, and, like lu-lladmiiiu and Htrainonium, 

If dilates the juipd of the eye. Jts activity is 
ilesfKiyi'd- hy the preseiiei' "f free alkali, with 
which it .‘'liould theiefme not l*e administered 
ft iuiKxl, i’hanii .1. 17,4(12: Is, 174). 

Tlie actiM' emistitiunf.s (*f lienhune are two 
alkal'iid.s 'I’lie one. hyo’Si ijnminc f'i:H23N03, 
wii.x first ohlained in a juii'c .state by Leiger 
luul Hesse (Aniuilmi, 7, 27d) and more eoiu- 
jiletely studied liy lh*hn and Jteiehardt (Animlen, 
1.77. !)M) ; the other, juvseiit in much sinuller 
pi'ojiorlinn, liifosiiiif' ('i^HmjNO^. wa.s discovered 
l>y Jaideiduiig (Annulen. 2(K>, 2H2). 'I'lic sul- 
pbati' (*f the foinier and the hydrobromidc of 
tiio lattei arc oflieial m the B \\ The U.S.P. 
lias hyoHcyaruine ]i\diohronu(h‘ and Hoopo- 
lummi' (-■ 11 \oMi irie) liydiohioinide. The alku- 
imdal content of tln' diied leaves la very 
v.inahle; in the B.l', diiig ()045-t>'14 p.c. ; 
in annual ])lanls fioin Southern Imu ojie, (h()3 p.c.; 
111 isolated eases jields up to (1-27 p.e. have been 
icptuK’d (B B. Codi.v) 'J’lie V.S.l'. denniiuls a 
niiinimim of pi 'riic .seeds contain 

pe of idlvidoid, 11 \ oscyaniim' also 
oenua logcthei witli iitrojaiic in belladonna and 
stianioniuiu {v SriiA uomi'm). and ’iluboiamc,' 
the alkaloid of J)iilioiisi(i itn/opaioir/is (IL Hr.), 
1 ." identical witli lixosc\aniine (Ladenlnirg and 
J'eUisen, Ber. 2(h Hidl). Both hyoscyamino 
and hyoseine, like afrojiiiK', aie mydriatic 
alkaloids. 

To obtain hyoscyainiiii.^ from licnbane Hoeds 
Holm and Beichardl lirst depiivc them of fixed 
oi! by treatment with ether and then exhaust by 
means of aleuliol acidified with Hulphuric acid. 
Tlie clear extract, after removal of tlie alcohol 
Ity distillation, is almost iieiilrahsetl by soda and 
|iu'eipitated with tannic iieid. 'Flic moist prr- 
(ipifate IS mixed with lime and extracted with 
alcohol. The aleohniie holution is acidified, con- 
eeiitratod. and jainfied b\ waMhing with ether. 
The alkaloid is then set free liy tlie addition of 
soda and isolated by extraction with ether. 
(Mlier somewlial similar methods have been sug- 
gesteil i)y Jiennaid (Neucs Kcjr. i*harm. 17, 91), 
Thoivy (Pharin. J. [ui.J 12, 874), and 'Thibaut 
((‘hem Zeiitr. 187.7, .7t*.7). Duquesnel (J. Pharm. 
(‘him. Iv.j j:il) extracts the weds with hot 
fM) p.e. ah ohoj euntaining tartaric acid, and from 
the solution n}>taincHl rcmov<-s the alcoh«d by 
distillation. Theiv rcinums a residue of two 
layers, a lower syrujiv and an upper oily lay^, 
wliicli latter is found to contain most of the 
alkaloid. {R-rhapR in combination with a fatty 
ncid. 'J'his i.s extracted by treating the oil witb 
water acidified w ith sulphuric acid. The solution 
is I'learly neutralised with poUssium bicarbonate.^ 
concentrated to a syrup, and extracted with 
alcohol, whicli leaves potassium sulphate un- 
dUsolved. The alcohol is removed from the 
solution by distLPation, and the residue, diluted 



HEPTOIO ACIDS. «|8 

water treated with a slicht exeera of I HBIOiA (.4/-A™«eA, d/-Ae««o, or AU-Kmna). 

■» e»t™^*cd with ohloro- ; The root and leaves of ioteaoaw afto. an aqueoiui 
. f d®/™'*® oyoecyainine ia removed from ‘ infuaion of which has long laxm used in the East 
caloroform solution hy wjitor acidified as a jirojih^dactie against certain Rlcig diseMee. 

'1 ho root 18 coiiHuicreil as a specific against 


the 

with sulphuric acid, iy purified hy ti’oafment 
with animal charcoal, and the solution is tlicn 
concentrated to a syiuj). 'I'ho alkaloid is sot 
frw by an excess of {alcinni carhonato, and 
mixed with shikI, is dried fiver sulphuric acid. 
rinalJy, trcnlniont with ciihiroform cxtract.s the 
hyowjyamino and yuUls ii on ^;^■apl•latllln in 
prismatic needles. 

For the jmijK'rtics and uactions of Iim.-^cvu 

mine and atrojmic r.'J’lou KINK-', • 

Brandes, Mh<t analysed lu'iilfane seetls, found 
24 p.c. oijij-rd oil (her/.. .7 2), 1M») : a suiistancc 
‘hyoscypuTin,’ Huj){)osed to Ik- a t:lu(osi<le. was 
obtained hy Jlohn ami Keichanlt . and the jire- 
sence of potasMum nitrate in the leaves uas 
pointed out hy 'J’hon v and in the inedicina] 
extract by Attlicl.l (Fharin. ,J. ;{. 4-17). 

IlyoncifdiimH miihrii.'i (hinn.), a .siif'cie.s of 
henbane tfccurrine in ccrlam jiaits of India, and 
particulariy in K^npt and the Soudan, has been 
exunniiccl hy Diinslaii and Broun (Cijciji. Soc. 
irans. /o, 72), wlio lind hyiscvanune to he the 
only ulkalonl ju-esenl ni any notable rjuiinlitv. 
it may he di«tni>;m.shed from II. ntrjir by the 
occurrenee of elmructciistie, hiuneiiin^', nun- 
glandular hairs on the stem and leaves. Ihfo- 
wyamuft muhcus from Kgvjit has fjf lute yars 
liocome the jinm-iple industiiui .Hourelf of 
hyoscyaminc (atropine). (j H 

HEMDECATOIC or UNDECATOIC ACIDS 
( 


1. n-UniknjUc. acul ('JIa(ril,'],(’OOJI in a 
crystttlhne «ohd having a faint sineJl of eajiroie 
acid ; it is obtained by the reduetnfii of unde- 
cylouic acid or hy the oxidation of mctliyiunde- 
cylketone; m.]». 28-.>'; h.p. 22»" (JOU mm.) 
(Krafit, Ber. 18711, 1004). 

2 . Mdhyl dibulyl ac(,tic acid 

[C(CHg)3j,(’(CH3)CUOH 

is obuined with other producU hy the oxidation 
of tsotributylenc. A wJiite ervstallinc solid, in¬ 
soluble in water, but soluble in aleoht)! or 
ether; m.p. 00'’-70'^ ; b j.. 2(;o . 

3. (■rMlidic and 'I’lie nuts of 

the Californian bay tree {Vmhdlalnna ('nhfoniim 
[Nutt.]) contain about tk.i ji.e. of a fut easily 
soluble in ether. It Ik a white, hard, tallouy mas's 
m.p. 3P. By sajxmitieation with emistie potash 
and decomposition uith hydroehlorie acid, the 
acid is obtained n.s a uhite solid uitli a faint 
fKlour and very disngi ee.ible and irntuting tnsto • 
m.p. 3r’-34" ; }).]>. 27.'> -2S0-. Its alkvl esters 
are colourles.s mobile Injuids •)! ugn-f-ahle cslour 
(Spillman and O Neill. Aukt. ('hem. J. I8H2, 
20fi). Possibly idcntual with ron/iK „< ol found 
by Saint-Kv-re m ofieou-nut t)ii. and with the 
nndecylic acid of Krafft (e. vtprn). 

HENDECENOIC ACID, Cj jH 2 (,Og. an acid boil¬ 
ing ot 258*-261® found ni i)ctroleum ; known 
also Bfi pelrolcumic acid. It is obtained from the 
petroleum distillate, h.p. 250-270^ by adding 
sodium hydroxide and then to the alkaline ex- 
tract, sulphuric acid. Tliis is treated wini 
alcohol and hydrochloric acid, and the resulting 
ester fractionated and hydrolyseil aith alcoholic 
potash (Hell and Medingcr, Ber. 1874, 1217* 
1877, 401). * V 


Icjirosy and the flowers are used in preparing a 
jierlinijo. 'I he fruit is employe<.I as an emmena* 
goguo, X’sed largely aw a dye and for staining 
tlie hair, wole.** of the feed, palms of the hands 
and imils of an onuigi* red colour, and to colour 
the manes mul tails of horses. 

Ltnrwnt, the colouring matter 

eontained in henna leaves ih a hydroxy naphtho¬ 
quinone, and is jirohahly identical with 
2-hydroxy -1 ‘4 iiaphtiKMjunione. (I utnniasi, 
(.'axz. ehim. ital. lt>20. 50, I. 2(i3) r. Alkankt and 
Ai.kansa 

HEPARADEN and HEPARON e. Synthkhc 

I'llfos. 

HEPAR SlCC. r. SYNiiiKTir Ditros, 

HEPATIC CINNABAR r. Cinnabak, 
HEPTOIC ACIDS C MIuOg. 

1. // Jlrjiloic and, anunthylic and 
(’ll3{('iK)at'0()Ii 

Obtaineil by the oxuliUion of (enanthol (Bussy, 
Animlen, 00. 248; 'I’llly, ibid. 07. 107; Krafft, 
Ber. 1882, 1717, Sehorlenimer and (Irimshaw, 
Annalen, 170, 141) ; al«oforuu'd by the oxidation 
of eustor-oil, of oleic acid, uiid of normal hejityl 
alcohol (Selmilemmer, Annalen, 101, 279; 
Tnjuer. Bull. Soc <-|inn. fin.] II, 99) ; from the 
nniinul jicxyl (wnude (Fraric-himont, Annalen, 
105, 237); and hy the n-iluetion of dextruM*- 
earlioxylie acid (Kiliant, Her. IHSO, 1130). An 
oily liquid ; 1).}!. 222-4 (743-4 mm,), m.p. —10'5‘'. 

. sp.gr. (>-9183, 207 . 

j 2. if-oJh/itoic acid ; a'indfn/lhcxoic acid 

('JI;,[('ll,la('Il(C‘H,,)C‘:()OH‘ 

Obtained hy boding in-xyl cyanide with alcoholic 
potash (Heeiit, Annalen, 209, 309), or by the 
' n-duction ft fructoaecarboxyJic acid (Kiliani, 
Ber. 1885, 3071). An oily rancid smelling liquid ; 
h.p. 211-5 (745-H mm.), Hp.gr. 0-9138, 21*/. 

Snluble in 278 parlw uatiT. 

3. J saonafdhyiif acid found among the pro¬ 
ducts obtained hy heating a iiiixtuj-e of BotUum 
acetate and sodium iwvalcrate ; h.p. 217°, »p.L*t-. 
0'92(itl, 1.5'/ (I’oitHch, Annalen, 2l8, 00). 

4. ifioAnii/l ardu and; b-tmdfiylfuxoic acid 

(('H,).,(:il!Cll,l,CU(>H 

Obtained by tht- action of sodium and iooaroyl 
iodide ujion ethyl acetate (Frankiund and Duppa, 
Annalen, 138, 338), or by the distillation 01 wo- 
amylmolonie acid (PoaF and Hoffmann, Bar. 
I8<7(), 1498) ; h.p. 208 - 210°, sp.gr. 0'9122, IS*/. 

r>. Mdhi/I didhyl acdic and ; aa-tneikytethyl^ 
buti/rir. ar,d ('M^C'jHi),(;-C'()()H. Obtained 
j)rolunged heating of methyl diethyl carbinol 
f-yariide with strong nydruclJoric acid 
(Sehdatiow. Annalen, lM.5. 120); h.p. 207°“208® 
(753 mm ); almost insoluble in wrflor. 

(i. M'dnil ij^oyropyl -propiomc acid; Bydi- 
mrth>ilvaicric acuk 

(■H,(0,H,)CHCH,COOH 
Obtained hy heating aodiura iintrvalerutc with 
sodium cthoxide in a stream of carbon monoxide 
(Loo.s, Annalen, 202, 321); b.p. 220°. 

7. Kthylpropylacelic and; a-cthylvaleric a^id ■ 
(.,‘H 3 (CH^),CH(OjHi,)(JOjH. (Obtained by hydro¬ 
lysing ethylpropylacetoacctic enter with alkali 
(Kiliani, Ber. 1880. 227); b.p. 209*2°. 
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6. Aclivf arn^lacpJic Mid ; y-metkylhexoic 
ucid CHs((:,H,)(^n-Cif2 ('H, COOH, Obtained 
by. heatiijtf active aiiiylmalonic acid {Welt, Ann. 
Cbiin. (vii.J ti, t».p. 22F; 0'914fl, 

20720". 

It. MclhuliniJnttjilMMH- ucid; ay-dimethyl- 
valeric ac\d. Olitainod by heating in<‘thyb.'»o- 
biitylinaloiuc hckI (Jlurrows aixl HeiiUcv, Chcni. 
Hue. Trans. JH!)-", T)!!); b.p. 20T-2(tr)'. 

Mf^HEPTyLACETIC ACID Nonoic acii.s. 

a-HEPTYLSUCClNIC ACID 

ObtainiMl by tlic reduction of lu^xylita-, -citiii- 
oi‘ -iDc-Hiii'diiic. .•K'ld.'i Mith sudniiii imialgjun 
(jMttig and Jlocnkcn. Auniilcn, .‘{(>4, ; ni p. 

IMt'-l)!". 

HERABOL. HVr Mi/irh, art. (Ii m uiv-'IN.-'. 

HERCULES METAL /•. Ai.uminii m. 

HERCULES POWDER c. KxriosivEs. 
HERMOPHENYL r. Hv.s (hktic luu (js 
HERNIARINE c. Imcionkv 

HEROIN r OPIF.M ANj) .'^vNTMEnc nul l;', 

HERRING OIL is obtained froni the .si x rial 
BjiecicH of herring, ('hijua hannyufs (Nortli Sea), 
r. and I’. (Japan). Tins oil imw 

extraeteii on a eoinniereial neale in Jajiaii, and 
genuine HpeeiineiiN of Mueh oil Imvc Ijccii pre- 
jmrpd by Taupinoto. 'I'lie Japanewe In ning 
oil yields on liroimnatmg I}'S2-(>‘o )i.e of the 
o(‘iobroiuid(^ ot elujianodonii' acid, Mhirh is a 
eiiarHetenstie eonstiliK'nl of all iish oils. The 
herring oiIh pniduei-d m J-lurope (Norway) are 
not kept si'jiaiate fmin other lish oil>, and, 
thcrefun', do not reiuesent swell puie oll^ as 
thoflC described by Tsujnnolo. The iodine value 
of giMiiune herring oil ranges fioin ]<>.'{ to I2J 
(THujiinoto), uliilst the eouinu'reial North Sen 
herring oil lias a higher iodine value (about 
I:u-I42). 

Like all other lisli oils, lieuing^oil is elneliy 
uhckI in tJie leather industi \. .1. L. 

HE5PER1D1N r. (iM'i'osinns. 

HESSIAN PURPLE, RED. YELLOW, e. 
Azo-conortuNd mati khs. 

HESSITE or TELLURIC SILVER. ,Silver 
teliunde, Ag/l'i'. crystallised 111 the cybie 
eystein and isoiuorphous with urgeutite. 'Phe 
silver (Ag t>’bJ p.e.) is often ]i<irtly i'<-plaeed 
womorphously hv g'dd. fornnng a ])ass;vge to 
jKitziU'. 'Phe colour is lead-givy. and llie 
matenalsonieuliat seetde; sp.gr. H-J S Ji. U 
Tlio Ik'sI erystuls. tliough inueh di.storted, are 
fnun HoU‘s in Transylvania, and inassivo 
mulenal waa formerly obtained in some quantity 
in the Slavodinsk mine in tlu* Albu Alountains, 
•SiUTia. The imnonil has also bt'cni found in 
California, Colorado, and Utah. , L. J. H. 
HBSSONITE I. (Jaknki, 

HETEROXANTHINE, l-m>th,fUvntkin(, 
N'H(T)t'NMe, 

7'McfAy/*2:6-t/Kxrypi<r»nf | || 'CH 

CUNHC—N 

occurs together with xanthine a^id paraxanthine 
as a constituent of nonnal human iinnc (Salomon, 
Her. 1886, 18, 34t)0; ^’irchow’B Archiv. 1S91, 
126, 664); 10,(.H)0 litres yieldetl 22 2 gi'ams of the 
mixed bases, of which ITIIG grams was hetero- 
xanthine (Salomon and Kruger, Zeitsch. physio!. 
Chem. 1808. 24, U64) ; it occurs also with 
xanthine in the urino of tho dog (Salomon, dml. 
1887, H, 410). Heteroxanthino appears to be a 


product of the mctaholism of theobromiM and 
calTeine, for when rabbits, dogs, or men are 
dosed with these alkaloids, heterozanthino 
apjxiarH in the urine (Bondzynski and Oottlieb, 
B(t. 180.7, 28, 111.3). According to Albaneso 
(Gazz. ehini. ital. 189.7, 25, ii. 298) beterozan* 
i thine i.s an iniemicdiate product in the transfer* 

I malum that ealTcino undergoes in the organism, 

I tlie methyl groujia being removed one by ope 
; until xanthine is obtained, and this is converted 
j into urea and anniionia. Jleteroxanthine acts 
as a powerful diuretic on dogs .and rabbits 
■ wlien liypodrrniieally injected m small doses; 

; i.trger Sohc.s are toxic, an injection of 1 gram 
I kiileil a dug weighing 8 kdos. in 10 days 
I {Albanese, I r.). {('p. alHo Kruger and Salomen, 

I Zeit-seli. j.hy.siol. (Tern. 1895, 21, 169; 

: .Sehiuiedidjerg, Jier. 1901, 34, 2.7,76.) 

The HynthcHis of heteroxanthine from 
I theoliioiiune lia.s been cfTeeted by Khschor (Ber. 

' 1897, 3t>, 2400). Wlien 2 : 6 diehloro-7-incthvl- 
I\'; (A'l-C-XMc- 

IHiiiiu' j j| (il)taiiied by the 

, (Vl..\-(‘— 

i action of ])liosphorvI chloride on Iheubroiniiic, is 
heated at 120 -12.7' with hydrochloric acid 
I (sp.gr. 1 19),il IS ((inverted into the hydrocldoride 
: of 7-nietliyIxanthine or heteroxanthine. Kriiger 
and Salomon (Zdtsch. physiol. Clicm. 1898, 26, 
3S9) aUo obtained it by the action of nitrous 
aeiil on tpif{i((imnf, 7-inetli\Iguanino (2-amino. 

• NK •('() • C-NMe, 

6-o.\v.7-nu'tli\lpuiine) | j| 

('(Nll,,)..N-('— 

and as Kisehei {Is.) has ntbesi.sed cpiguanine, 

: this iiiethiKf nf prc])aratioii is also synthetical. 
Tiaiilit' and Dudley (Ber. 1913. 46, 3846) ob* 
(luned jleteroxanthine liy the aetuin of nitrous 
acid on } • 7-dinietliylguamne. 

lleteroxantliineiHU erystalline powder; when 
heated giadually it melts and decomposes at 
341'-342 . when heated rapidly it darkens at 
3fK) , ami melts and decomposes at 386®. It 
ili.s.soKeK in 142 iHU'l.s of boiling water (Fischer, 
I c.), nr in 7.77.7 parts of alcohol at 17"^, or in 
22.76 jiartH at tlie boiling temperature (Bondzyn* 
ski and (b.ttheh, Bor. 1896, 28, 1113). Hetero- 
xanthine jios.'K.sftcs lioth acidu; and l>a8ic 
prd[ierties, tlu' basic dinsiKiation eonstant 
being 3-7.74K; and the acidic tlissociation 
constant k„ l)oing 127()K, wheiv K is the dissocia¬ 
tion constant of water (Wooil, Chem. Hoc. Trans. 
IfKM), 1840). 

Jleteroxanthine forms .salts witli ucids that 
aiv readily diHSoeiated in water, the hydrochloride 
ePi’Htaliises in tufts of transparent crystals, and 
yields a niicnKTystalline platinichloridc; the 
Milphaie is decomposed by 

water. HeU'roxanthine forms a characteristic 
.'iodtum ilerivativo NaCgHy,0»K4,5H,0, crystal* 
lining ill plaU*8 or prisms, melting at about 300®, 
readily soluble in water, sfvarinsly so in sodium 
hydn>xide; tho polanxium derivative has 
similar properties and a higher melting-point 
(Salomon, Ber. 188.7, 18, 3406; Virchow’s 
Arehiv. 1801, 125, 5.74), Hetcroxanthine yields 
a crystalline precipitate w’ith mercuric chloride, 
u&d forms a ciystalline derivative with stiver 
iiitnito. It is also precipiUted by copper 
acetate, phosphotungsUo a>ctd or lead aoetate in 
the presena' of ammonia (Salomon, Le.). It is 
didvrontiated fsom hypoxanthine, Tsnthlnf^ and 
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WuxaM by the apimiig aolubility of ite sodium | 
deriTstiTe in et^om hydroxide; it differs' 
from paraxenthine in faoing amorphous and 
soluble, and in not yielding a precipi* 
tate with picho acid in the presence of hydro- 
chloric acid- 

When a solution of heteroxanf hine mntnining ' 
ofalorino water and nitric acid is evaporated, the 
rosidue develops a red colour \vit!» nmnionia. 
becoming blue on the addition of sodium 
hydroxide. On oxidation with potassium |K*r- 
manganate rin concentrated sulplum<- acid 
heteroxanthinr yulds three of its four nitrogen 
atoms as ammonia or earliainide, and tl#* fourth 
as melhylainiiic (.loihss, lier. IIKM*, 11:1, Uliiti, 
2120 ). 

By electrolytic rcrimtion in suiphiirie acid 
solution, hetcroxanthinc yields T-incthyl 2 oxy 
1 : fi-dihydropunne (’I'afcl and Wcinselu'iick. 
Ber. 1900, 'Mi, ;U74). M. A. W. 

HETOCRKOL. Trade name fkir einnani^l- 
tn-crosol. L'm‘<1 an a diistnig ptuvdei in suigcrv. 

HETOFORM. Koiniin benzoate. 

HETOL. An iKjucous solution of hodiuni 
cinnaniate. I’sed in the treatment <if inojKuahle 
cancer. 

HETRALIN. A rcsori in lie\ainet}i,\]cn(‘- 
tetramine prejiaration, eontauiing 0 j».e. of 
formaldehyde. 

HEWETTITE. A hydraOvl vana-iatc of 
calcium ()a 0 ’.’iV 2 f)',. 0 ]f^(), cryst.illised in the 
orthorhombic system. It forms nmhogany'n'd, 
earthy masses, Cfjmjiost'd of iiiiniile silhy needles, 
and occurs 8 on)e>\liat ahumlantly as an oxida¬ 
tion product of ]mtroiiitc ( 7 .' ) at .Minasragra. 
near (k*rro de Pa.sco m I’eru. 'I he minertil fusi's 
readily to a dark-red liipiid, and is slightly 
soluble in water. Sji.gr. 2’o.k 

Motahcwettili* is ichuitieal vith liewettite In 
composition and in erystallisiiig m the ortho¬ 
rhombic system, but it tbfTcrs somewhat in its 
optical characters and txdiaviour during dehy¬ 
dration. It is found as a dark-n'd, jxiwdery 
imjiregnation in Kandsloiu' at f’aradox \'fi!iev 
ill Colorado, and over a wide area in eastern 
Utah. L. J. S. 

HEXACYAMOGEN C.VC « 

obtained by heating a rmxlurt‘ of eyaminc 
tricarboxylaniidc and jiliosphorie oxide in a 
vacuum at Is deeoinj>oR4*d liy water with 

production of eyanunc acid. Is iinattaekial by 
the halogens. ^Vhe^ strongly lieati-d dceom- 
poaes forming dievanogen (Ott, I'er. 1010, .‘•2 
[B], 656). 

HEXADECYLENEDICARBOXYLIC ACID, 

TeiradecyUuccinir (u-iH C,„H 34 () 4 . l^reparecl by 
heating hcxadecylenedibromide, potassium cya¬ 
nide, and alcohol at lW^-190'’, and decfimjKising 
the nitrile thus formed with alcoholic jKtlash 
(Krafft and Grosjean, lier. 1890, 23.">5) ; ni.p. 
121*. The anhydride melts at 89\ 

HEXAHYDROXYBENZENE t. Phenol xnd 

TT8 noMOLoarEs. ! 

HEXAL* Hexamethylenetetramine suljiho- 
flali cylat e, 

HEXAIXT. Trade name for hexamcthylenc- 
tefe ramin e sidicyl aulphonio acid. * 

flSEKAMEOOL* Hcxamethylenctctramino 
Old. Used as an external dirinfectant in i 
dim aiw ._j 


HEXAMIEB. 8 yn. for bexametbyknetetn* 

mine ( 0 . 0 .). 

HKANATRIN. Trade name for a oorofaina- 
tion of hexametbylonetetramine and add 
sixlium phosphate. 

HEXANEDIONE e. Kstonbb. 

HEXANITRIN. Trade name for mannitol 
hcxaiutrste. 

HEXANONE and HEXENOKE v. Ks- 

TONES. 

HEXOIC ACIDS r. (’Arnoic ACTRS. 

HEXOPHAN. O.x}‘{iheiiyi(juinoiinc dicar- 
bonnte. 

HEXOSEPHOSPHORIC ACID r . Fermenta¬ 
tion. 

HEXOSES r. (’xummvonATKs. 

HIBBENITE r. JforKiTK. 

HIDDENITE. A Iransjmi-ent, cinerald-greon 
variety of the mineral sjuidumone UiAIHijO* 
(7.1'.), UH4‘d AH A gem-stoiie‘. It is found with 
emerald m North ('amhna, and has been 
|fo]»uIarly, but erroneously, known as ‘ Hthia- 
emernid.' L. J. 8 . 

HIGHGATE RESINS e. Resins. 

HIIROGANE. Miirogaiu' " is the name 
a|)]ilied to blo<id red eoloureii luotal jircjiared 
either by treatment of cojijHT with an Rtjueoui 
solution of eo)>j)(>r siiljduile and vm'digris, or by 
heating a copjier alloy with a paslo containing 
a suit of eojijier, borax, and some water. Cj, 
SiiAM'iio (S. Miva/awa, d. ('hem. ind. Tokyo, 
1917, 20, 1102 ;*J Soe. Chem. Ind. 1918, 37, 
21 lu). 

HING e. Gi'm iiESiN«i. 

HIPPOL. Trade name for methylene* 
hippurie acid. I'scd as a urinary antiseptio. 

HIPPURIC ACID, lirfizamtno-Mfltc arid 
hfnz(n/lfjh/rine NlI((’jK 50 )(’Kj‘(T)|H, an acid 
found in the urine of lioistcH and nows And 
other lierhivorn and in human urine when 
ben/.oic uidcbis taken internally. It is prepared 
from urine hy boiling w’ith milk of Unie, neutralifl- 
ing with HCl, concentrating to ouo-cighth 
onginal volume, and saturating with HCl; 
crude Htrongly coloured hippurie acid separatof; 
it may be purified by jiassing chlorine into the 
bot» aqueous solution, filtering while hot, ayd 
rajmlly cooling tiie filtral<‘. May be prepared 
by action of Ixuizoic anhydride <m glycocoU 
((^urtiiiH, Ber. 1884, 16(5.3), (’rystallises in largo 
trimetrio prisms, soluble in water, alcohol, and 
ethyl acetate ; instiluble in light jielroleum ; m.p. 
1S7'.5'\ Has a slightly bitter taste and reddens 
litmus. J)(>(;oniposes on heating, forming ben- 
zonitrile and benzoic acid (I^impricht and Uslsr, 
Annalen, H 8 . 133). It.s aqueous solution boiled 
with mineral aeifis yields glycixadl (glycine) and 
Ixmzoic a<*id. Oxidation with potassium porman- 
ganati' in acid solutiiin yields carbamide (JoUes, 
Ber. 19(K), 2H.‘t4). In presence of acetic anhy¬ 
dride, it reacts with thiocyanates forming 
2-thio-3-benzoyl hydantein, the* yield being 
greatly mfliienced by the^ thiocyanate used: 
thus NIl/’NS ^i^ives 93 4 p.c., KCNS abont 
48 p.c. (Johnson, Hill and Bailey, J. Amer. 
Chein. Hoe. 1915, 24(Ki). Hippurie acid may be 
detected in urine by treating a few e.o. with 
sodium hyjKibromite, just sufficient being taken 
to decompose the carbamide and impart a per¬ 
manent yellow colour to the eolation. If hippituio 
acid is present, a eharacteristic oran^ or 
brownish-red-precipitate is formed on bcdling 
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ohloroforni and with sodium ethylate; : proup, since it displaces carbon dioxide from 

this method can bo used fur its estimation in silver and copper carbonates, and an omtTK) group 
urine (Polin and Flanders, J. Biol. Chcra. Sec. j because on treatment with hypobromite or 


1912, 11 f'roc xxvii ). 


i nitrous acid one nitrogen atom is removed and a 


HIPTAGIN. glueoHide, ' hydroxyl group introduced. Frankel, therefore, 

from /fip!>ijr Ma/Iahlola {(iaorlii). Forms silky [ fepresented lustidinc by the partially expanded 
needic.s, m.p. ; [a|,, i .‘1 -‘i m .’) p c. acetone ' foniiula XIl^'* and gave the name 

solution. Alkalis evolve ammonia nnd form to tie* eomjtlex C,-,HeNjj , and 

hydroeyiuiM' a<-id. For oti.ci- rcaelioiis nnd ' ri,<ifn,nni<>hi^(uliiir. or in/drori/hiMubcCarboryliC 
]>roba))l(^ coiii'tifiilioii and mode of origin, .sv* to the compouiifl Oil (.jITgXj CO 2 H ob- 

(iortcr. Bull. Jiinl. hot. Bmteiizorg. Iin.j 2, , hi.stidin<' by the aetion of nitrous 

.'icitl J'auly (Zedsch. pliy.'^jol. Cliem. 1904, 42, 
HISTAMINE. Trade name for fj.jminazo. eonltrined tlie ju-eseuce of the earboxyl 

lylcthylamme r. Kiuior. groiij. m histidme by jirepanng the methyl ester, 

HISTIDINE, qhioxaliiii A-nUniiK, In-uvnno iH‘d )iro\ed (hat the Aes/z/n- complex —OjHaNj-- 
t\i<' arid B-iiniiitrutli ■ eonlains an ///o//o-gioup. because histidine yields 


^ /jli/oxalinr-A (ot arid, fi-intdiazoli ■ 

n-aan nopropiou ir and 

KH- rii 

! CCI!,(‘!f(NHdF(*.!I 

cir • N ' 

was discovered by AHuxaFt nml Kosse] (J^eitscli. 
pbvsiol. ('hem. Isbt!, 22, 170) aniong’tiie livdro' 


a diii(ij>}ithii}i nr-B-sidphoue derii'utive, and 
lorriis a red <iye witli diazoljenzcnoBulphonie 
eliloi idr. Ttic'^e consuh'iationH. and tlu^ stability 
of the eompoutid towards oxidising agents led 
i‘iiul_\ to conclude that th(‘ (•<*iiiple.\ Iiislmr con¬ 
tains an iminazole or glyoxalme ring, and that 
histnhiK* IS a-fininia-jS-'jbfOXitltvr-i (or fi)- 


lylie products of th*' protamine slui'ine, which jiiopitmir arid 
contain 12d) p,e. histidme, 12 i>,e. lysuie, and MICH 

r»M-2 p.e. arginini’ (Kossel. ilnd. IbiK). dl, 207), 1 C ('ll, ('MfXli, ICO. H. 

Hedin {ifnd. iStMi. 22, liU) isolated it from the • '22 

bases ])reeipita(ed by silver nitrate from the 

decomposition produi'ls of other protoin.s, 'I'lii'* eniH'lu''ion lla^ been eoniirmed by Knoop 

Kutseher (I'nr/. iSitH, 25, 1 i).*) found it prewnl in and Wmdiuis (lieitr. ('hem Physiol, ihith. 1000, 

imtijx'ptone olitained by tlie piinereat le digi'st ion T, 144), who obtained (/h/oxa/nic • t (or .i)-propi.'o 7 iic 

of tibrin. J^nwrotl (ilnd. IKOO, 2H, dSM) and ncid 

Abderbalden nnd Ilona (ihid. 1904, 41, 27s) pre- .Nll’t'll 

part'd it from thymus liiston ; nnd Koch (J. [ yC CHg CH^d'OjH 

Biol. (‘hem. 1911,1), 121 ) est!vl>li.she<l its jiresi'iice CH • N' 

among the hyilrolvlio products of the globulin reducing Frankel's }iv<lroxyd<*amiiiohistidine, 
fromp'p thyroids Jones obtained io giaius sliowed that it is uicntieal'with the synthetic 
of Instidmo hydro: hloride from 2 ht^aw of a con j,|.f,du('t prepared bv the action of formaldehyde 
eentrated suspension of ix'd blood <-or].useles . 1 , amnioniu on Wolffs glvoxylnropionic acid 

Biol. Chem. 1918. dll. 429). Hankeand Koesslcr (Annnlen. 18fK). 299. 79). V'/. l->ankel (Beitr. 


eentrated suspension of ix'd blood <-or].useles (. 1 , amnioniu on Wolffs glvoxylnropi 

Biol. Chem. 1918. dll. 429). Hankeand Koesslcr (Annnlen. 18fK). 299. 79). V'/. l->ank. 


prepari'd lo gr^ms imrc histidme dihydro- (Vm. Physa.l. Viith.’ 1 !K) 7 , 19,'119). 
chloride from .)(K) c e of bbu.d corpuscle paste Physiol. Path. 1907, 

(J. Biol. Chein. 1929. 43. ri21) Histidme occurs Hlj Kliowi'd that )>y the aucceasivo 


alao with arpiiiiu. oml lya.iio iimoiiy Die liy«'r<i. „n,vilro.\v.l<'.Munul.istidiiie?l»oj»lii«- 

lylio jirodiuis vegetable |»roteins, notaluy in , * ’ vu r'W 

the eiH.'ds and aeedbngs of lUcca fjrr/.va {Linm), , ^ rtrv it • u 

Piniit /a/lvt’.stri'i (Finn.), 7 V;k) (liinn.), 't ’B-corhoxyhc and j /( COjH is ob- 

L«pinHs/H/<'«.s(Finn.),nndPi.t«ia.vri/itvoa(Fmn ); C li - X 

in tile oa.se of conifer .seeds dtK) grams of the dry taineil. wlui li. when heated at 289'^, loses carbon 

])rc)teid yield d grams lustidmi* bydniehlonde, NHCH 

19 grams arginine nitrap', and d gram.H Ivsitic , » • 17 1 .. ,1 1 V/>u 

puTiite (Scbulzi' and U interstcin, /eitseli. ( 'K=.\/ 

jihyaiol. C'hem. 1899, 28, 4o9, 49.‘» ; 19t)l, .3d. 

'►47). It is pix'sent in scea/c coriiitium (Frankel, The complete, synthesis of histidine from 4 


lu grams arginine niiraw', anu .> grnni.s ivsiiir , » • 17 1 .. ,1 1 

, , 1 M- * * V 1 dioxide .and xiehlH glvoxalino ;CH 

puTiite (Schulzi' and U interstcin, /eitseli. ( 'K=.\/ 

j>hyaioI. C'hem. 1899, 28, 4o9, 49.‘» ; 19t)l, 3d. 

'►47). It is pri'sent in scea/c coriiitium (Frankel, The complete, synthesis of histidine from 4 
Rainer, Bi<»ehein. Zidtsch. 7t, 197). in .T. artichokfi (or 5)-chloromcthvlglyoxnline is described by 
and salsify (tSchulze and Trier, Zeitscli. phy.siol. Pyman (('hem. Soc. 3’ran.s. J9I1. 1389). 4 (or 6 )* 
(’hem, 1912, Hi, 53), in some of the lower fungi (.'Kloronw'thylglyoxalinr (1), obtained from dia* 
(Sullivan. Science, 1913, 38, 978; and Reeil, J. ininoai-etone {ihid. 9«iH), condensoa with ethyl 
Biol. ('hem. h)l4, 19, 2(‘»9); c also Chapman, sodnx lilonmialonate to form ethyl 4 (or 5)* 
Chem. Siw. Trans. 1914, 19«5, 1895, for,probable glifo.mliium(thylchloromaJomle (11) 
presonco in hopt. It is found ii soils (Schu'iner \K’CH 


ondShorev, J. Biol. Chem. 1919,8,381 ; Skinner, 
Biod. Zentr. 1913, 42. 213. from 8 th Pnx-. Int. 
('k)ng. Appb Chem. 1912 ; l^throp, Chem. Zentr. 
1917, 11, 690), in freah fi.sh (Suzuki, J. Agric, 
Tokyo, 1912, 6 . 1), and in diphtheria baciilua 
(Tamura, Zeitech. physiol. Chem. 1914, 89, 295), 
The oonatitution of histidine aa a-a»MRO-d- ; 
<7fyoja/iMe>4 (or 5Fj)ropi‘on»c acid, has been cstao- ' 


I ' ‘-‘J'-* 

CH-X^ 

I. 

CH. 

^C-CHsCCl((X‘0,Et), 



HISTIDINE. 




«kir on hydrolyais is conyer^d into r-a- \ Whon hislkiinc ia adminiateretJ as a foml, or 
CMor^P’glffoxalineA (or 5yprcpionic acid (ITT)*’ by intravenous inj<M5ti(m very little {0*4 cram out 


which reacts with ammonia to form r-a-amino 
^‘gj^oxalincA (or 6)*7>rojnt>HJc ncid (IV), that is 
r'histidino 


NHCH 

I 

CH N 

NHCli 


I 

CH \ 


(■•CH^rHCiCOjU 

111 

('ll,)(■(),I 
1 \’. 


Pyman (Chrtn. Sx*. Tnni'^ lOh;, 10!». ^S*l} aUit 
svnthe.HiHcd r iu''tnhiu‘ fnitii I'fjr/ovl 
by btnhn^ tins fi>r four hourw ^\|^(^ 20 ji c 
aqueous liydrorliloric acul. r-Ilistulnit* ciin l)r 
resolved by the fractional cTystaliisalion of the 
salts it forms with (/-tarlaiic- a' lcl into the* c/- and 
/•isomcriilfs, and the fhistidjiu* thus olituinc'd 
js identiral uith llio naUirally occuinn^ com 
pound, f/Miistitiino iH juirtU lesoixed b\ nn-an> 
c»f yeast, the d- isonuTide rcinauiinir uiiattackc'd 
(Abderhaldrn and Wf'ii, ZeitM-li jiiivsiol ('}ii‘ni, 
l0Jl\77,43.'>; Khrlii'h. Ihin'lic'iu dM.llTy). 

A poMsildc* evjilanation of the fortnalion lif 
liistKlini' in the plant eeonoijiv j*. iitToided l)\ the 
work of Knouj) and W’jiidaus (lleitr ('hem. 

Physiol. Path. JlK)'). (1. 202; Her. i'.KM), IIP, 

3880 ; 11K>7. 10. 7P!>) on the svnthetie fcjrnialum 
of inimazoje dernatneh fjoiii sugars and 
onimonia. 'I’liese authoi'. find that mIu'JI a 
solution of glueoM* conlaining rinc li\droMde 
dissolved in ammonia ih exposed to the sunlight 
at t he ordinary teinperat ure for some weeks, it i.s 
con\’erted to the evlent of 10 ]»e into 4- or 
r)’tnftfii/hfH7naz(ilf. I( is piohalile that glyoxiil 
and formaldehyde' are produeed a« inleriiiediatc’i 
products ami tlien react witfi the aniinoniu 
aecoixLing to the eijiiaticm 
MeCO liyX H, MeC-Mf. 

1 + T CJl i! ^-(’114-311.0 

COH H,N O' cnx 

d-Manucjse, d-fnielose, c^-sorbose, f-arabinoHe, 
or /-xylose also yn-ld melliytmiina/oie when 
similarly treated. This ant hors suggest that 
histidine may Is* formed naturally by the* 
condensation of methyliminazole witli glycocoll 
and simultaneous oxulution 
NUCH. 

1 ;C-CH,-i-CH»(NHJ('(),ll- () 

NH I'H 

= I ^;CCH, ('ll(.\II,)C'0,m H.O 
CH-N^ 

Histidine crystallises from water in noi'dies 
or tables, m.p. 287'' (corr.); the aqueous solution 
has a sweet taste (Frankel, ifonatsh. HK)3, 24, 

229; Pyman. t’hem. «oe. Traiw. 1911, 1397), is ! soluble in waU*r, 

feebly alkaline. .. 

1896,22,191) 

(KoBsel and Kutsclier, Airf. 28, 382); [ai, -3(i-7* , I?"* is sparin^rly soluble in cold 'rater. 


of 10 grams) is roeoverablo as such in the urine ; 
the urt^a and ammonia in the urine are largely 
increased, but the inereaso of allantoin la very 
I slight. Pure rfdiistidino was obtained from the 
unn<‘ of rabliits fed on f/-/histidine' (Ahderhalden, 

, Kinb»*ek, ami Sclimid, Xc'itseh. physiol. Chera. 
liKM), h2. 322; 1910. 9H. 3‘.>r>: Kowalewsky, 
Ibochem Zetiscli. l'.»09. 23. I ; AlKlcrhalden, 
ihul |!dO. OH, 39.‘). and ih,d. 1911. 74, 4H1 j 
Abderliahh'ii and Wed. thid 1912, 77, 43,'5). 

For the cafaboli.Mn of hislidim' in the animal 
orgauiHin, hc Dakin and Wakenmn (J Hiol. 
('hem. 1912. 10. 199). and. o-s forerunner of 
punne liotlies m animal nic'taholisin, Ackroyd 
and Hopkins (HioChem .1. 1910. 10,5.71). 

Salts. / Histidine form.s stable salts witli 
acids and their soliitioiiM arc dextrorotatory. 

Momdiifdrochlin e/c (', 1 tt,( )^.\'t'IK 'l.H forms 

large' colourless rliruidiic tT\'s|ivls 

(i:h.r 0 790.7 • I ; I •71101 
has ffijji j 1'74‘, 111]) 80', and hises H^D nt 
140 (Allnx'chl and Kossel. Zeitseh. pliysiol. 
('hem 1891). 22, 170; Heilm, ifnd. 191 ; Kossel 
and Kutstiier, thid. 1899, 28, 382; Frtinkel, 
Monatsli HKKI, 24, 229); the di-Iiydrochlttridc 
V8H,|()^N;,211('1 is iHoiiutrpliouH with the mono* 
etunjioiind lu : h : r 0 70.737 : 1 : 1 •77.7101, haa 
[ajii-}.73 to ()’4’ (Kosscl and Kutaelior, /.c. j 
S(')iwnrt/e, Zeilseh physiol, ('hem. llMKl, 29, 
493) Ihxtidmr rndmium thlondr 
('flHuOjN'a-lin.CdCl, 

nielt-s and dee(impo.ses at 270''-27.7'^ (Schonck, 
ihtd. HK)4, 43. 72). Histidine gives a complex 

n ier salt C.'u(('„lI„OnNjj)2 (Kober and Sugiura, 
lol. (.'hem. 1912-13. 13. .7), and a compound 
with iron (('HH.O^N.dJ-'e (D.H.F. 260522). 

('*.1I.-V.,0,),2H,,1'0, ; 24\V(), 
erystallises witlioul water of eryslailisation 
(Weelisler, Zeitseli. physiol. Chern. 1911, 73, 
140). Jihdiditif rnonojHCrolonalf 

IH yellow. Fill* dijdi'roUnuitfi • 

^ rH 3'2(j{yil ^ 

Ih orange (SU-udel, ZeiUeh. jihysiol. (lliem. 1005, 
■14, 157; Brigl, ihid. 1910, 64, 337); the 
dipirraU' bos m.p. 86* (corr,), 

(Pyman, Trans. Chi'in. Soe, 1911,343); the pen- 
tanvdrato(:,HjD2N'.,(('8H3DjN3),..7HjO hoa m.p. 
80' (JIugouenq and Florcnct*, Bull. hoc. Chom, 
Biol. 1919, 1, 102). 

I'Uiatiiinf.-d-htjdroqcn iarfrule 
nH.O.Na.C^H.O. 

rystftlliMeB in largo 


, v.nem. ooe. iraiw. inii, ih , .... ^ ... 

10 (Hcdin, Zeitseh. jihysiol. Chem. well-defined nnsms, and docomp«>ies at 172M73* 
, and in optically active [aJ|,-39-74" ) 1 “"'I “““ [“Jn+ 

__.Cutacber, ibid. 28, 382); [a], -3(1-7* I?"* Iari^'> 'S Kparin^rly soluble in cold 'rater, 

(Pyman, l.c.); it racemisea on heating under ' ‘"/“"A" f 

p2«ure (Abd;rhaldcn and Weil, U.j. * ; *“ ■““* !“]l,- ‘21° 

f'/futidtne cr^'Btalliscs in quadrilateral plates, 1397, 1400). 
and decompoaes at 283* (corr.); d-AwOthW I d-IUHidine-d-hydrogcn tnHrak hi sporiiiffly 
cryataUiaea in monoclinic plates forming elon* i ®oI^ble, decomposes at 234 (corr.), and haa 
gated hexagons; it decomposes at 287*-288''i ^^T™®***/-c-)- 

(corr.), and has [a]j,-l-39‘3' (Pyman, l.c., and ! r-Hietidine morw-hydrochloridc 

1916, 109,197). • I C,H,0,N5 Ha,2H,0 



HISTIDINE. 


ha^ m.p 117''-1 ); fif/^qnihydroddoridp 

(reH„(),N,).-3lK:i.HaO 

haa m.p. (corr.); tlic dihydrochhridft 

hfif< iij.j). (corr ); i-hixlidinc mono- 

pirrriU (', .11,11.^0 (ic(ninp()H(‘.H at 180®- 
IHl" (vnit); tin- fZ/p/r/v/Zr (', , s<)ibX9.2H2() 

fl«'t'(nii(i«scs at liM) ((•('ifr,). (I’vinan, ihul. 33!); 
<■/. iVnmn, ihid. JOIO. 10!), Jllli), 

Derivatives. /h-hdiiK m/thyl culcr hydro- 
chhmdi (’c,ii,N , 2lH'l f(irtiiH Hat rlioriiliic 

priwnirt. Ill ji !!))»' ('!'■' 'ii!i|i ). the culcr i-- un 
oil (I'aulv. /'“ifsi li plivMol. (’ln-in 1!)01. 42. 
WiS). i 'lilojolii'^iiiiinirhoriilii' und (a rlihiro-ft- 
ylyortilinf -i (ur .'0 y>n);>ir)»io' find) forms lliick 
jllisMls, Hi]) lor ). the coD'csixuullIlL' 

raciniir <-oni]i(iiiinl lii-romposc'H at 201’ (coit ) 
([’yman, dud I3!)l). tln‘ oiulolc of I ho i slrr has 
n».'|), hil" (U'iii<laiis and \’o^'t. Kcitr. {■hem 
IHiVMoi. Patli l!)0S, II, 400) Jfi.ft/dinr 
nii/iydndr (forms ^'littorm^^ iirisnis, 
III.}). 340' (Kisfliot ami Sii/iilsi, Sil/uii^'slK'r K. 
Akful W’lHs |{i‘rltn. I'W)!. IIHOI) ; 1 lie/-aiilivilr'idr 
Imu in.j). 32S in n <1 ok(><| (■viicinilod liiho. 
(TVHtallisos \nl h 2AI!J).iui'l has falp' ♦i'i 24 ’ 
ill iioniml luilrof'hhirx' ju’mI soiiititjii; llio 
(V-anh/dridi iiiso lias m }j :i2s . an I is olilainoii 
hv hi'atinv: tlic othvl I'slcr of Insticlini’ at 100"' 
(1‘aiily. Xi'ilscii phvsiol f’limn 1!)10, (iJ. To); 
till’ /iii'rnlf ({(U'oiniioscs at 2or»' (corr.) ; tin* 
hydiorhhn idf at 320 , The hli-fiiodo ilcnvativf' 
linK in.]) 240'. ami is ani])liotcri<' ami forms 
u siltrr .tafl (I’aiOy. Her 1!II0. 43. 2243) 
)hitidnUit.dtdiii> ('ii.llIf!) iN i forms a yellow 
^iirrfi/r, imp lO.-*' 17.")' (l''isehei uml Su/ukt. / 1 '). 

Atkyl derivatives. The dmat iiietii\latioii 
of iustuline aflects the ^lyosaline mi}:. I'mlei 
certain comlitions piiilfiiniihi/lhiMlmnir mas he 
olitaincd wlm'li forms a stalile eliloixie and a 
Hparin^jlyMolnfileauMehlondc.t'iiMjif ijN pAu.iTlj. 
m.p. 22U'. but whieli doe.s not ix'.sju.nd to the 
dia?,ii rcai'tion (i'lML'cIand and Kut'-clHT. ('hern 
Zontr. 1013, 1, 2S), 

Trimrlhi/I hn^tidnu' oeeuiN m fnn};i (Winter' 
stein and Heuti'r. Zeitseli ])liy.‘<i.il. ('hem. J!)13. 
HH. 234). it lias been isolated Ji.> Die aunelilorhU' 
(’JI i4)jN’-,.\n/'lK. in ]) lh3 (deeonip ) (Knfie- 
liihd, Kntselier, ('hem. Zenti I!)I3. !. 2s. from 
Ztmtr. pliNHio), 1!)I2. 20. o))!)) Barger ami 
Kwins (BloChi’m J. 1!)13, 7. 204) ]irovo the' 
identity of that obtaineil fiom Minous sovirees 
The mono-iitcrni has ni.|>. 201 -202 . the 

rfiyn'rro/r. in,}). 213 . Triiiielii\l iiistidine lias 
|o1„44«''V‘. 

Acyl derivatives, of the aqil derivatives of 
histidine the hrnzoyl has m.p. 240 (decomj)) 
(Bauly, l.c. ; VTankel. l.r ) : hrnzoi/l-r-hi.diditu', 
rij.HjjO-iXg (fn)m 

(or r>) (irrylic and on ri'diiotion witli fiodiuin amal- 
uni in aqueous sus}ii*nsi()n). ha.s ni.n. 248® (corr. 
ecomp.); it ^er\stulhs('h in harm glistening 
prisms witli one molecule of water of crystallisa¬ 
tion, which is lost at llh . The hyd/ytchlorid^' 
crystallises from water in hard ghstening prisms, 
m.p, 232® (eorr. efferv.) The pirrafc crNUtalhsi* 
in bunches of yellow feathery needles, m.p. 
220® (eorr.) (Pyinan. ('hem. Soe. Trans. IPIO, 
109, 195). Benzoyifltion of histidine methyl 
eater yields a trilienzoyl derivative 
CH NH{(\Hj(’0): C(NH(',Hf('()}' 

CHj ('H(NH(J,H6<Xl)C0Jtfe 


m.p. 219® (not shai’p), which does not give the 
reel colour with diazobenzene sulphonate; on 
heating the glyoxaline closes again and' the 
product gives Lho characteristic colour reaction 
j (Kossel and Rdlbacher, ZeiUch. physiol. Chem. 

' 1915, 03, 390; rf. Inouyc, ihid. 1913, 83, 79. 
who points out that in order to obtain the 
f*)jour reaction exeesH of benzoyl chloride must 
not !))• pre-Hcnt) Tho dlMpht/ialcnr ^-mlphone 
CJl 0 A',(S(), (’,„K ,)2 melts at 149°-150“ 
(B.'iulv); p-.\ilrohnizoifllii.dtdtnc 

mp 2rir 252 ' (1‘aiily). licnzoijldiwdohi.didi7ve, 
m.fi Idr 1()4". in an evacuated tubc;*and 
H-zoyldnodohisiidint', in.]). 172° (decomp.) 
lire deiivalives of tlie unknown diiodnhi.stidine 
Ml : TC 

i r ('}1., (’H(.NH,.)('()JI 

ClrXH 

(hev give oriuigc-red (‘oiorations v-ith diazo- 
liciizem-siilplionu' a< id am! sodium carbonate, 
ami foiin si!\i-rsnl(f< (I’aulv. Ber. 1910, 43, 2243). 
d-a-Hrum'tnohf royl-l-lii.didiiw nulhyl c<s7cr 

('Ji,,-(:HBr( '()\K'('!!((', HiX 2 )C(>aMe 
has Til]) 175' ((ott); d-a-hronioiMohcsoyl-l’ 

Indidtiir (’i 2 lliH(hiX,iBr has m.j). 118“ (corr.); 
f-h-iiryl-l'/ndidiiic 

(Vi, )•('() Nl! CHifVlsNjCOaH 

erystallises in ])lates or })ri.siiis, conlaining H(iO, 
niiu'li it loses at 1(H) /ir)-20 mm , and has 
ni.}). 178' (corr.) (dccom[»), liie copprr salt forms 
deei) violet ersstalH; f<>rmy]-l-hi\iid\np lias rn.p. 
203“ (eorr) (hseher amt (’one. Annalcn. 1908, 
3('.3. 107). 

Colour reactions. Histidine giv(‘s tiie hhini 
reaction (Hervog, Zeitseli. jihysiol. ('iieni. 1903, 
37, 248). it iiNo gives tlie \Veidel pyrimidine 
reaetion under the following conditions: a 
•solution of histidine liydroehlonde and’a little 
lotassiiim chlorate is e\a}i(imted to dryness, 
lulroi lilorie aeid eontaining one drop of nitric 
lO’id added and the solution again evaporated; 
on e\}»osiiig the reHidue to ammonia fumes on 
intense re<i colour is jirodueed, becoming 
ri'ddi.sh-violet on tin' addition of sodium hydrox¬ 
ide (Frankf'l. / e ). With diazobenzenesulnhonio 
chloride in the jiresence of sodium carbonate 
histidine gives a dark eherry-riMl coloration, 
iK'eoiinng orange on tin* addition of an acid. 
This is an extremely delicate test for histidine, 
ami with file exception of tyrosine no other 
jiroduct of j)rf)tein liydrolysis gives a similar 
if'aetion (Pauly, Zeitsch. }ihysiol. Chem. 1994, 
42, 508, and ibid. 1915, 94. 427 ; rf. Inouyc, 
ibid 1!1I3. H3. 79. who appliv'S the teat for 
liistidine in pn'senee of tvzosinc after addition 
of benzoyleiiloride, and Totaiii, Bio-Chem. J,. 
1915, 9. 385. who reduces the coloured solution 
obtained by Pauly's reaction (by means of lino 
dust in presence of livdnx-hloric acid) and then 
makes it strongly allkaiine with ammonia: if 
the original solution contained histidine it will 
now become a bright golden yellow). Histidine 
tlevelojiH a yellow colour with bromine water; 
this disappears on warming, but after a time a 
piak colour appears, which afterwards deepens 
to a winc-red. The reaction U sensitive with 
solutions of 1 : 1000, but is destroyed by too 
large excess of bromine water {Knoop, Beitr. 
Chem. Ph^-siol. Path. 1908,11, 356). 
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ail 


A matbod for estiiuating hutidise colour* 
imetrical!v is based upon tbe Pauly diuo* 
reaction (Weiss, Sobolev, Biochem. Zeitsch. 1913, 
68,119): a mixture of sulphuuilto acid in hydro- 
ohlorio acid and sodium nitrite arc addcnl to the 
solution to bo invcoli^ated, and then 10 p.c. 
sodium carbonate added. Tin* total voliirm* is 
kept constant, artd tlic colour obtained com¬ 
pared with that jxiven (under suiiilar conditioni.) 
oy a 1/10,000 }iisti<liiic solution. 'I'lic' Irstulinc 
can also be c.'itiniated volunii'tricalh by titnit in<: 
the stable histidjiu* d\c with titanium tri< lilondc 
(Ijautenschlaj'cr. Zeilsclt. jihx.-ioi t'hcm I!»1S. 
10 ^ 22<)). Kor the (‘stinmiion of ItMidme in 
pn.)tein8 by hyilrolyHis ftillowe i l)\ itrutnin.ition, 
srr Thrum .Old TroM liridii,-(d Ihol Clx-m 15HH, 
34, 343), Fora iniciocbcnucal method, .</r Holier 
and Siujuira, d. Aim r Ciicm Sor 1013. 35. Iddti. 
and VanSIvke.d. Hiol. Clu ni lOl 1, (i, jKo ; thtd 
1911-12.10.20; >hn{ 1012.12.27!); ih,d 1015. 
23,411. F or till- i)li<i.--jihotun;jst)i(f |)riMipital<- 
of histidine, Weehsici. Zeit^rh phvsiol (‘hem 
1911, 73, 141. 

Decomposition, ^\’h(‘u lu'-t iduu' unfli'rj>o(‘s 

ana*robic h:if terlal cleavn;;e hv the action of put te- 
fym^ panereiis. it is coineiterl iijiiio'-l (jmintita- 
tivcly by th(’ los>, of <•1^11011 dioMde into 4 (or 5)- 
ji-auniioclJufl’jhfii vultm. (/J-i/ai/zi/ro/y/- thnlam\V4 ) 

NHCIH. 

{ /C''('ir|,‘(‘Jlj, XHj ; MiifiurMhilhruhtuitxr 

CH:N/ ^ 

NIICH 

beinu the (itlicr 

(.’H : X 

product (e. Ackermann. Zeitseli. physjol. (’hem 
llllO, 05. .TOl). 'J’he 4 (or r>J-/i-amjnoeth.\ I- 
^jlyoxaline thus ohtaineil is identuiil witli the 
base prepan-d svnthefuaily by Wimlatis uml 

(Ii«*r. lot)", 40, .‘OiOl) from (-thyl jmina- 
iolylpropionate ; or b\ I’ymari (Cliem. Noe. 
Trans. lOIl, (iOh) from dintninoaeidono, and is 
also identical with one of tlie n'got bases isolated 
by Barf?cr and Dale (Flul. 'JVans. 1010. 2592), 
and wliieh IS also pivsiud in Fopieiskis nwo- 
dilatifk, (Barker and Dale. d. Physio). 1011, 41, 
499); ner Mellivnhv and Trout, who isolated a 
bacillus winch splits otf i arbon dioxide from 
histidine and conicrtH it to )3iminazolvl- 
cthylamine ; also Haistnck (Bio-Cliein. J. 1917, 
11, 71; ibid. 1919, 13, 440), who found that 
bacteria of the Coh-tyjihus gniuji f/invcil histi¬ 
dine into urocanic acid {)3 imina/..ilyla( ryli<; a<ud 
in certain medm. /-Histidine is convi rted to 
the extent of II p.c. -I int('.> rf*j3 im nazoy 
laitic acid by the pniloni'od action of Protrys 
vulgaris m a protein-freo nutrient media (Hirai, 
Act. Schol. Med. Kyoto. 1910, 3, 40). h-tc llu-'^ 
roll communof transforms histidine into histamine 
to the extent of 50 ]i.c. in the jin seiK-e of glvcend 
or dextrose and potassium nitrati* or ammonium 
chloride (Koessler and Hsnke, J. Biol, ('hem 
1919, 39, 539; 1920, 43. 529, 543). It has 
a direct stimulating action on plain muscle; 
cardiac muscle is milrlly stimulated, and 
skeletal muscle is not affecUHl. The drug pro¬ 
duces narcosis, and is a mild stimulant t* the 
taliTory clwdB and pancreas ; for its toxic 
effect, c/. l^nad (Cbem. Zentr. 1914, *1, 1200 
from Zeitsch. offentl Chem. 20,61). M. A. W. 
HOAMbWAK V. Nux voaioa. 


HOnfAMN’S VIOLET v. TBtmsmKB< 

THAKB COLOtltDIO MATTBBS. 

HOG GUM n Gums. 

HOLARRHENINE. on alkaloid 

discoven'd by Pyman, in 1913, in the bark of 
floliirrkeiui cotifolrwiK (Stapt.), silky needles, 
m.p. (corr.). Insoluble in water, 

readily soluble in alcohol or chloroform but 
Hpurinyly k<i m er)l(l ('th\l a<“etate, acetone, or 
('ther. [o]j, 7’P' in ehlnroform. The Aydro* 

hniinidf (\.|H 2H iir,31i^t) rryHlallisee 
from water in lint needles, m.p. 2ll5‘’•2(18'^ (corr.), 
after (lr\ing Headily soluble in hfit, .sparingly 
so >11 eold. water ; la[,, • 12 P’ for the annydrolis 
salt. 

Acetylholarrhenine jin pared by the action 
of u<’(“tie auhydridi* and anhydrous sodium 
ui-efate on liolarrhenine i rystalliMcs from aeot-onc 
in lar^e I'oloiirleKH oblong jilutw, m p. 180® 
(coir ) (n,st,luble m water. Hparmgly soluble ill 
lold Iileiitiol. aeetone. of ether, R'lidily soluble 
in clilorofoim (I’vtimn. ( hem. Soc. 'I’lans. 1U19, 
Hi3). 

HOLLANDITE. A inangaiU'He ore of ossen* 
i liully the same composition an |iHilomolane, but 
I oecuriing in a crystallised ('ondition, usually os 
, lilirotis inashCH and sometimeH aa tetragonal 
erystals. ll is a iiiaiigaiiate with the general 
formula /uI{j"Mnl)., ) where R" 

, IS Mn, Ba, K^, ll,. (Fc, ('n. Mg, Na, tki, Ni, Cu), 

- iimi IP" IS .Mn. F(‘, (Al). The extreme values 
shown in four unaKses un*: MnO, 6 r>‘ 63 - 76 ‘ 06 , 
i MnO 512 I4'20. Fe/), 4 43 1056. BaO 2 * 90 - 
17-59. K^O 0 3-31. lIjO 0-1 10 ji.o. Tho 
eolour IS greyish-blaek, and the lustre sub* 

; metailie ; sji.gr. 4-7(>-4*95; H. 4-6. The 
mineral occurs abimdarUiy in Ibe manganese ore 
deposits at several jtlaeos in (/(‘iilral India, and 
IS largely export-ial from tlie miiies at SitapAr 
, and Biili^diat. ('losciy allied rnmerals, )>erhaps 
I identical with liollandite, are the crystalline 
nuinganateH romancchitc (conlainiru loss iron 
and more water)‘from Uoman^che, France, and 
coronadiU' (with high lead and low barium) from 
Arizona. (I... L. iVrrnor, The Manganese Oro 
k)epositH of India, Mem. (Jeol, Hurvoy India, 
1909, 37 ; Rec. (}(*ol. Survey India, I91T, 48, 
103.) L. J. 8. 

HOLMIUM. Ho. At. wl. 103'4. An clement 
, discovered by Clevc in the terbia of Mosander 
or erbia of llrThn, giving a jialc yellow oxide 
and yellow salts with a slight tinge of orange 
; (HolmlKTg. Arkiv. Kern, Min. Geol. 1911, 4, 

. No. 2 and No. 10). 

According to Fomling (Bihang K. 8 venska 
Vet. Akad. Hand!. 1»02-11X)3. 28, ii. So. J) 

I holmium is 4 ot an individual substanoe but a 
' mixture of sevr-ral comjionents to which corre* 

: spoTid the ddferent alisorption bands. It 
I probably consists of dysprosium with its two 
‘ components as well as of at 'least four other 
subetiy 'cM. ].anglet (Arkiv. Kcm. Min. Cfeol. 
1907, 2, No.a32), however, yran unable to find 
any evidence of a decomposition of holmia into 
several components, and the later obeervottons 
of Holm berg appear to have established the 
individuality of the element. For obseirationa 
on the relative advantages of phthalic acid SAd 
sodium nitrite in separatiiu bolmlotn bon 
yttrium, see Yntema and J^pkins (J, 

Chem. Soc. 1918, 40, 1163). 
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HOLOCAINE r. SVKTHKIir DRIGS. j 

HOMATROPINE v. Tkopeiuks. i 

HOMBERG'S PHOSPHORUS r, ('AI^■lL'M. 

HOHOANTHRANILIC ACID r, Abumo AciDa j 

(aromaiic). 

HOMOCATECHOL v. Ilomopyrocakchol, 

I’JIKNCH. At^I> I'IS H(iM01,<KlUES. 

HOMOGENTISIC ACID r. ruENyiACEiu 

/(.'lit. 

HOMOPILOPIC ACID r. .Iaiu.kamh. I 

HOMORENON r. Aiku-.nalinl; .SYN'niniic I 
DKri:'^. ; 

HOMOTERPENYLIC ACID r. La( inst s. 

HONE r. Win. l'Slosh,. j 

HONEY. Honc_\ ih tin' suHstiini-c snis-tcd | 

l)y IIk' working Ih'c {A/hs ■nultifun) fiom the' 
nectar of llowei'^, mid di-poHited by tlu- insci l m | 
tiu' wux-ccMh fnriiiiii;,; tin' lionevi'oiiih. lls (•>• 
H<*ntiid const it tinds are \ iitn iiit; (|limit il ii','. ol t lie 
HUiiars, destrose, lie\nlti.'ie. mid sonu'tniies eaiie- 
Riil^ar, lo^'cther willi a small ipiantit \ ‘>1 vatei, 
Jt, alno eontain.s \erv Hinall i|iianlitieH ni wii\, , 
coimirint; mailers, nrnmatie substatK'r'S, |)iin>- ■ 
plmni- aeid, nilm^ieiioiis comiiounds. and orea- ; 
Niomdly nmnnitol 

J.«etnNe. niotease.s ami Ii[ntseR me not jiresent 
in lioney ami llie ocrurreiiee of innIa.H(' is d'luM- ; 
ftil, ln\erluHe i.s pri’sent more in iwUnral 
honey than >n iiial jinuluei'd liy iiees fed on 
Ktiyar. 'I'Ins en/yine in ileslroyod 'wiien lioney 
is heated to (HI'. The pn'seiuf' of invertuse in 
honey explains why the I'line nujiar in Inmi'y 
jrrivdnally disap]ieais when the honey is Kept 
for some consideriihh’ time. Honey also eon- j 
tains ('(dalasi' and dia.sta.se. mid an estiiiiation j 
of the uetivity of the diastase is an iridualion i 
of the jiOtniineness of the imni'y Aeeordiiij' to ^ 


Hudnon ond Sherwood (J. Amcr. Chem. Soc* 
11120, 42, American honey-dew honey 

oeeawionally containa consideralile quantities of 
inelecitoae. 

The relative proportions in ■which the 
above-named sugars occur is very variable. 
Tims Heliiier {Analyst, 9, 104) obtained the 
following results from the analysis of 25 different 
vaiK'tje.s ; 


!^Ia.vimuni 

Mltiimitm 

Mean 

Ai’uter . . 23-21) 

12-43 

19-3 

CliicoM' . . 75 34 

(il-42 

07-2 

Ollier eoustilueuts ih 51 

8-4H 

135 

111 8 P.isert the amount' ' 

'f glucose 

waa«un- 


altered bv inversion, in 7 uiereased, and in the 
reiiuumh-r sliglitlv diimnisiied. 

Siflien (Ibed. Zi'iitr. iHSo, l.'U) analysed 
<i(l .specimens of hoiiev. and states that the 
i|umitity of cane-sugar may muount to as much 
H.s 4 or even S p c . and that the latio of dextrose 
to l;e\ ulose vmu's eon‘'i(h'iably. the total amount 
of 1 liese two siigni's Ix'iiig (tS -7K ]i.e. 'Jiie average 
1 e til posit loll of 1 he 1)0 spec linens wius as follows : 


Dextrose . . . !14’71 p.c. 

I..'e\ ulose , . :h> 24 

Sueiose .... 1 'iiH ,, 

Vl'ater .... U)-as „ 

Xon-Hiieehiuine mattei" . r)'02 ,, 


Tor the eoinimsition of Russian honey see 
Sunn, Zeitseii. L nteisiuii. Xalir, Cicnuss. 1913, 
25, i:U , Amdysl. 19i:i. 149 

'Jiirnmg now from average results to tlio 
eompoHition of the sevorid varieties, wo .find tho 
following table of tlie analysis of 9 spe'cimeiis 
of lioiiex from diflereiil localities {.I. (’. liruwn, 
Aiialv"!. 1S78, 257). 




Wales 

iiiiiiuty 

I.'IT- 

lllltllV 

(ireeec 

l.isbon 

.laiiiaiia 

f'all- 

furnia 

Mexico 

Water e\))elled «l. l(Mi' . 
Water oxjx'lled iil ii liigh 

19-10 

Di 10 

15 50 

19-11 

19 80 

is-so 

in'4(i 

17-00 

18-47 

lempenitinv ami Ioas . 

; 7’(i0 

(■|-50 

4-95 

JltMl 

7-80 

(i-(it5 

7-58 

8 13 

10-03 

Tifi'vulose 

3li'()0 

37-20 

3i;-88 

33 14 

40-00 

37-2(1 

33-19 

37-85 

35-90 

Dextrose 

' 3(i'55 

39 70 

42 .V) 

3(1 58 

32-20 

34-91 

35-21 

30 01 

35-47 

Sue/oHo 

Wax, pollen, and iti- 

" 


•' 


— 

1-20 

2-20 

—- 

? 

Bolubfe matter . 

tract' 

lliiee 

trace 

tiace 

0-05 

1-00 

2-10 

t race 

trace 

Mineral matter 

0 15 

0-14 

0 17 

0 17 

0 15 

0 14 

0 20 

on 

0-07 


Kor a large nuniliei' of oilier aiialvses 
Fiolie and Stegmuller (.Arbeit. Kaiserl. (lesuml. 
1913. 44. 78 ; Amdysl, J913, 2tm). 

Tlu' chmai'teristie composition of ordinary 
honey can bt' judged from the analysis of lU 
BamplcH of genuine honey by lloilaemu (Zeitsch. 
anaf. ('hem. 1899. 439) wliieh gavc^tho following 
rcHullB :— 

v8peci1ie gravity . 1‘I02-1T40 

WaUtr 8'3~17'8p.c. 

Kotaliou . - 91‘'to —3*0® 

Ash . . O i 2-0-34 p.c. 

PoUen and wax . 0-02-0-4l> ,, 

Reducing sugars . 71-2-74-4 ,, 

Sueroac . . . t)-2-6-4 ,, 

The amount of water present in honey varies 
with the drynem of the soason and the eonditions 
of storiM, evajvoration being much lessened 
when ill the cells of the comb are closed 
(Oiiftian, Analyst, 1^5, 251). 


Krli'iimeyer and v. Plata (Kep. Pharm. 23, 
blO) found that in 0 samples of good honey the 
amount of water varied from 17‘5 to 19'5 p.c., 
whilst a liquid lioney from Senegal contained as 
nmeh oa 25-(i p.c. The amount of phosphorio 
acid present (ealeulated on tho dried substance) 
varied from 0-0123 to 0'883 p.c. 

Sumnlra honey, formed Gy Api^ indicn, con¬ 
tains water, Qextroso, la-vulose, a little wax and 
]>nllen, and 0 23 p.c. oah, but no cane-sugar or 
dextrin (Franchimont. Reo. trav. chim. 1, 223), 

; An Ethiopian honey, made in hollows without 
wax by a kind of mosquito, gave the following 
; result on anal^vsis (Pompt. rend. 88, 292);— 


Water ...» 

. 26-6 

*I.A‘vulose and dextrose (J) 

. 32<1 

Mannitol 

3-0 

Dextrin .... 

. 27-9 

Ash .... 

. 2-6 

(4thcr constit6'ents . 

. 91 
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It has also been shown that honey frequently 
but not invariably contains a smairquantity of 
formic acid. It amounts only to from O OOCO to 
0*0100 p.c., therefore moat of the acidity of 
honey must be due to some other acid, possibly 
malic acid (Famstciner, Zeitech. Nahr. Genuasm. 
1908, 15, 598 ; Fmcko, ibid. 1012 , 23 . 255 ), 

The formic acid may be estimated by coti- 
version into sodium formate, heating with rone. 
Bulniiunc af'id, aiul measuring the volume of 
carbon monoxide evolved. As lactic and aKo 
gives this gas it must be oxidised uitii potassium 
permanganate and eslmiateil as oxalate ami a 
eoriT'etion applied (Merl, Zeit.scii \ah# (ieimssin 
1908, H>, JiSo ; Hi'iduschka and Kaufniann. 
ibid. 1911, 21. 375; lleiiluxlika, ('tuin Z«‘»t 
1911. 35, 1104). 

If hoes he fed on fle\tn*.se only, (ho honey 
formed eontain.s iJial sugar alone, ileather-fed 
honey, on tlie odier Iiand. eoiitains invert .sugar 
only, whilst Cuban lioney contamv dextrose in 
larger quantily than l.e\u](.se (lUab'Cs, Clnun. 
Zentr. 1894. lo«i2) * 

Eucalyptus lioney i« prodm-ed m Australia 
by a hlaek bee winch builds large hives on tfie 
Kncohfiilt eoiitaiiung as inueii us "jINIU kilogs of 
honi’v. 'llie lioiu'\’ is a thick s_\ |•llp, liming a 
strong niomatic odour CMaqiicnm', Ann Clnrn 
[vi I 17, 495) 

Murck has given the following tigures for 
the eompo.silion of East Indian lionevs (Analvst, 
1890.199,).-..- 

Glu«‘Ose, ahoul 39 p e ; hevulose. 23-37 p e. ; 
ash. 0-12-954 pe; Sfi.gr. 1 *3099 1-3589; 
rotation •{ 13 to 2 54'. 

in the hone) of y’e/v^or/ a/)i< i/m nuis large 
erystals of cune sugar aie frequently found 
(,l. pr. (.'hmn. [i ] 71. 314). Tlie liones’ of the 
Mexican hom“\-aiit is almost a jnjre solution of 
livvulose, ami when dried in rnnio, ha.s the 
eornpoRitioii (;«1{i^Ge.ilIt (‘ontains traces 
of a volatile adil wlmh reduces silver salts 
(.1. pr. Chem. (i.) .58, 439). 

To obtain honey the synip is fimt simjdv 
allowed to flow from the lonih at the onlinarv 
temperature, tjie portion tlni.s colle<-teil being 
known as ‘ virgin-honey.’ As soon as the fli,w 
ceases, the residual comb is healed and pn-ssed, 
l»y winch moans a darker and less pure variety 
isohrttlned. According to Zwilling (Hied. Zentr. 
1885, 67) it IS Ix'st to gather the honey wlnm 
it has thickened and the cells are sealed. a.s then 
sufficient sugar and formu' and arp'pr**sent. 

The honey-syrup remains clear for a long 
time if kept in tlie liark. but on exposure to 
light dextrose gradually separates, and such 
varioties as contain that sugar in the largest 
quantity become sufficiently solid to Ik* cut with 
a knife into pieces which are not hygroscopic. 
Ab, however, the comj>osition of honey is so 
variable, the consistency and colour likewise 
differ considerably in the <lifferent samples. 
Thus Narbonne honey has a light vellow 
colour, and forms an almost solid mass, when*as 
Cuban honey is a clear and almost colourless 


Fruhling has shown (ZeiUnh. bffentl Cliem. 
4. 410) that freshly prepared solutions of honey 
in cold water show an abnormal rotation, 
which, after some houn, bocomos normal. This 
behaviour, which is duo to ' bi-rotation,’ may 
lead to erroneous observations unhvw oare la 
taken to dis.srdve the honey in boiling water 
and to add almut 01 p e. of ammonia. 

A pure siilufion of honey does nttt readily 
undergo alteration in (he air. hut when impure, 
both acid and alcoholic fermentation sjKK^dily 
fake pliici' An alcoholic leiuor km>wn as 
'mead' (tier M«th; Fr. Hifaroitul) has long 
Ihs'm jiO'pared from honey by fermentation. The 
prore'<v IS, liowever. frequently unsuecosHful, 
owing (<■ tlie fact that huni'v <lo<*s not usually 
contain siillicK'nf nitrogenous food for tho sus¬ 
tenance c>f tlic ferment If a suitable food iw 
added, the fermentation proceeds Hinoothiy 
and with certainly (lli\stinc*, (’oinpt. ix-nd. 109. 
479) According to HoiiKsingault (Ann. (’him. 
(n.! 29, 392) tlio cpiantity cd carbon dioxi<le 
formc-(l during feiim'iilulion is great.er. and liio 
cjuantjty of alcohol ic.«s. Ilian wnultl he exported 
from the amount <»f sugar fermented. Tims, 
instead of the ealciilatc'd fjuitnfitic*H of 19.3’(i 
larts of alcoliol and 179 pints of cailron dioxide, 
le ohtnmisl 177 9 parts of alcohol, and 100 
parts of ('Hr bon dioMcle. 

Fcir mcMlieinai purposes }ion(’\ is purified by 
warming on tlm water.Imtli, and straining it 
through flannel which lias Iweri previously 
moistened with hot water. The purified com* 
jiound IS known as d^vuraturn. Dietrich 
(Cliem. Zentr 1877. 3IH) brought a filtered 
solution of 1 pait of honey in 3 partes of water 
on to a dialyser, and found that 50 p.r. of the 
lioney jinssed tlirougli. The solution of the 
crystalloids gave (»n evaporation a honey having 
an unusually plea.sani aromatic tueVc. Tho 
colloidal^ ]t(|uid, in w'hieh gummy flocoulffi 
remaineil Miisja'iided. gave on ovafioratlon a 
syrup possessing u jniivly sweet, insijiid, non. 
aromatic taste 

In ordcu to purify honey Ricekor (J. 1873, 
]99t>) adds a little pix'c initated aluminium hy« 
^Iro.xide. which eaiTics down any fonugn auD- 
stamcH present If ordinary honey be Hhaken 
with absolute aleoho!. dextrose remains behind. 

! Ether precipitates lievuloHe from tho alcoholic 
( Boiution, and the ethereal solution when shaken 
with lime, loses tannic acid, whilst wax remains 
in solution. 

Honey is frequently adulterated with starch- 
sugar, invert-sugar, molasses, water, Ac., and 
owing to (he wide vuriationfl in the compoaitioa 
; of genuine honey such adulteration is frequently 
(lifficuit to •detect (Kaeine, Zeitech. dffenti, 

' Chem. 1902, 281) 

For a method of detecting oommcroial 
invert sugar in honey by inenns of d-naphtbol 
wliieh givt*« a Hordcaux rod to bluiah-violet 
I col(Mi^ with an ethereal extract of adulterated 
honey, nee Lfeterschied, d. Soc. Chem. Jnd. 1918, 

, 376. ■ 


ayrup. 

Honey haa a sp.gr. of from 1*439 to 1*448. 
When diluted with water it givea a eomfwhat 
cloudy, faintly acid solution, the cloudiness being 
due to small quantities of proteid matter. Ite 
specific rotatory power varies from —6*6 to +2, 
but dextroTotatory honey is Exceptional. 


j Dextrorotatorv' honey was formerly n^forded 
with suspicion (Vlucnle, Zeitech. anal. C^m. 
1894, 99), but it has been shown that pine-hon^, 
and honey made by bees using poney-dew, 
contain a dextrin which can be isolated pfO' 
cipitation with alcohol, i^d is strongly waro- 
rotatory (Khnig and Karsch, Zeitsch. anoJ. Chen. 
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1696, 1 : Raumpr, ihid. 1896, 397 ; Hilger, 
ZeiUch. Nahr. OcniiaMm. 1904, 189). ^ For a 

detailed account of the ‘ lioncy-dextririB of pine- 

honey, Afr Haciile niid fcscliolz (Zeitscli. Nahr. 
OeniiHKin. 1!MI3, 1027) 

Sevenil nietliods have lu-cn reconimondea 
for (lislin^'UiKhini: hclween j^eniiine and adulte- 
rntcil hom-y. liniutij:aiu statcH lliat ^remiinc 
hoiK'V contjiinH an alhnnnn I'V tin- reactlon-^ of 
wliieli it can he (Infinyiiished (Pliartn Z('it. 4i. 
109). Methoils foi the tnnroseopie examination 
(if Ikmu'v ha\e lieeii descrilied hy l)ietijeli 
lAnalyKl', 1H9<>, 2rM). ^an^^eI• has found in 
natural luinev an inveiiinjf ferment wlia h (an 
Ih- ])reei|)ilated In alcoho! and tested on ean<‘- 
HUjiar (Zeitm h aiejcw ('lieiii ltKl2. ItUI). lor 
the bioloyieal cxainination of hon<-y a-s a l(‘st 
of itn genuinencKs, 'ii (ladaiiu'r and Las|\<-, Areli. 
Pharni, 19H), 2.71. lUMi 

Ailiilt<Tation u it li standi nip, wlm li usually 
eonluiUH ('ryt )iro-d<'x1 1 in ami ani \lo dext i in 
can usuallv !«* detectial tiy ad<iin^ metfivl 
alenhoi to the <'onc aijiieoiis holutioii, vlien the 
de.xtrinH are pic'apiiated 'I'lie addition of 
m(>la««('K is Ik'sI deli’cled In' testing lot rafiinose 
with hiuiie lead acelale (Ih'eUniann. Zeilstli 
anal. (diem. 1H90. 203). 

l^ey’is rea^n-nt., an ntnmoniaeai Hoiulioii of 
nilver oxide, when warmi'd with a stron^^ solulion 
oi tmre lioney ^:ives a nn-enish eoioiation, hut 
If the honey ik adulterateil tin* Inpud heeonies 
(lark lirowji or hhiek (I’l/.. Zejtsch. anyi’V^ C'liem 
1997, 993). 

If 1 Kfam of honey h(‘ nilibed down with 
ntlior in a inortur, the ether liltered olT ami 
evaporated, and tin* residue treated willi a dio}> 
of a sohition of I gram tvsoreinol in IIKI e e of 
hydfoohlorie m id of upgr. 1'19. only a niotnen- 
tary pink colour will he iddaiucd xvilli jiiirc 
honey* wliilnt mlultcTutcd or artdicial honey will 
give an oninge-iv(l colniir, cluiiiging, throuLdi 
chorry-rcid to a atrong hrown-red (Kadie, Zeitnc h. 
Nahr. Genubsm. 7.7; Kciser. Analyst, 

ItKH), 299; cj. Jliilplicn, Ann. I'ulsif. 1912, .7. 
105; Staeklin, M. 1912. 17, 110; Fichc and 
Stcginuller. Arbb. Kuim. (Jesumlh-Aiul. 1912, 
40, 306; .1. Soe. (diem. Jnd. 1912. 31, 1143» 
Anal.tst, ltH2, 449). 

AdulU'ration with cane-sugar may be de¬ 
tected by determining the riMiueuig }K>\ser of 
the honey with iiarrenwil's Holulion, botli bidure 
and after inversion. Tins is not very reliable, as 
in caaofl wheix* the Ihvh feed on smTo.se it is 
found in the honey, though the larger proportion 
undergoes inversion in the insect’K stoniaeli 
(Raumer, Zcitsch. anal. ('hem. 11H)2, 333 ; .scr also 
Lipmann, Analyst, 1889, 20; llakkor, Jtec. d rav. 
Ghem, 1921, 49. (UH)). 

Sugar in honey ir cHtimat^Hl by diluting with 
twioti ito volume of waUw, and aKccrUinmg the 
y).gT. This varies lictween 1‘1(M and 1 11.7 
The liret nurab<‘r xoiTcspomla to 24 p.c., and the 
latter to 27 p.c. ol sugar in the Holutions.^or lo 
72 p.o. and 82 p.c. in the original hiijiey (I'liicki- 
ger, Pharmaccut. Chemie, |ii.} 2()T). 

Wley has described a process for the estima¬ 
tion of lievuloee in honey, Ac., based on the 
fact that its optical rotation is much diminished 
with rise of temperaturo. The observation tube 
of Uie poiarimeter is jacketed, and can be 
cooled to eoro or heated to 88°, at which tempera* 
turo a mixture of molecular proportions of 


dextrose and Itevulose becomes optically inactive 
(J. Amer. Cfhem. Soc. 1896, 81). 

Witte recomincnds that the followii^ 
dctcrniinationH and tests should be zna^ in 
order to u.scertain the purity or otherwise of 
honey, a solution containing 1 part by weight 
of the honey to two ]iarts of water being used : 
Total nitrogen (Kjeldahl) ; tannin precipitate ; 
polarisation liefore and after inversion. Leys’ 
H'lu tioii (e. siijiro) and Fielu* s test with resorcinol 
ami hydror hloJie acid for the prcHcnec of added 
iini tt >ugar Tlie (piantity of water present 
should u(A exceed 2U p.e., whilst the acidity of 
mitive (Gtriuan) lionev usually lies between 
O-Oli am! 1 '2 p e. The quantity of ash is generally 
fioin 9 I t(i 0 3.7 ]»e.. hut may sometimes be 
as iillie as (MMio pc. Tlie siktoSC should not 
excis'd t» {) c , a larger amount than this indicat- 
iiiL' that the h<ine\ is ‘ unri|)e.’ that the bees 
have lieeii fed on sucrose, or that the honey is 
adulti'i'ated Sncriisi- miiv be inverted by means 
(if iirmev at a siiitalih' ti'iiipi'rature. The nitro- 
g^miiis substaiieeH vary in amount from 0*25 to 
(l■■).7 pc; aitiluinl honey seldom eontains 
more than 0*22 ]i.c, of nitrogenous substane(‘fl 
(/(‘itsch Nahr. <«emissm 190!h 18, 92.7; 1911, 
21,30.7; I'f Hruhii^, Cliem. Zeit 1921, 4.7, 961 
r/ ,v ('7 ) Th(‘ .1 ISoc C'liem Ind, 1911, 30, 7()2, 
gives a usi'fiil bibliograjiliy of honey and its 
(liemisl rv. 

HONTHIN r SN.sTiii'ync inums. 

HOPBINE is a eiyslalhiie alkaloiil said to bo 
contained in wild Anu'riean liops. It melts 
Ijelow llHV' and jiurtiallv sublimes lielow 190". 
It IS doubtful, however. Vliother it really exists 
(l^adi'iiburg. Her. 1889, 19, 7S3 ; -1. Pharm. 
(.'him (v I 12. 4(i() ; Willianison, Clicm. Ztiit. 
1889, 19. 29. 38. 297. 238. 491). 

HOPEITE. 11 vdrated zinc phosphate, 
Zu,,(P().),'4lLO 

(Tvstallised in the oilhnrhombic system. Tho 
crystals are remarkable m eouHi.sling^ of an 
intimate zonal intergrowth of two modiKcatiorw 
--a-hopeito and jSdiopeiU—differing in their 
optical characters and in th(‘ rate at which water 
is expelled by heat. They arc colourless, 
wlnte, or brownish; sp.gr. 3'9-3'l; H. 3^ 
For many years hojxute was known only os a 
rare mineral from the zin • mine of Altenberg, 
or N'leille Montague, between Liege and Aachen ; 
but in 1907 it was found finely <irystalUwed and 
in considerable ([iiantity in a cave with bone- 
breceia ami asHooiated w'lth on‘s of zinc and 
lead at Broken Hill in North-\7’e.steni Rhodesia. 
In 1919 it was incorrectly described under the 
new name hiblienite from the Hudson Bay 
zinc iniiH* near »Salmo in British Columbia. 

}'(ir(ihojnit 4 ‘, from llrokoii Hill, Rhodesia, 
liius tlie same compoiiition a.s hopeito, but the 
crvstals are anorthic. L. J. S. 

' HOPOGAN. A trade name for magnesium 
pcrhydrol. 

Hops e. bkewino. 

HORDEIC ACID v. Dvidecatoic acid. 

HORDEIN V. liarUy, art. Brewing. 

HORDENlNE(p-//ydrojT/pAenyIe#AyW*fn<ayr 

orainsi) CioHijNO was disoovered by Lwr 
(Compt. rend. 1906, 142, 108) in malt culms, 
Irom which it is extracted by Stas’ method. 
The ethereal solution of the alkaloid thtai 
obtained is evapo(,”ated to dryness and the 
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hordeoine residue is puriSed bv repeated recrye* 
tailisation from aJoohol. Its' constitution was 
deterzomed by Leger (Compt. rend. 1900, 143, 
234, 916) and by Gacbcl (Arch. Phariu. 1900, 
244, 435). 

Hordenine ha« alMO been nynthcHiaed from 
phenyl ethyl alcohol (Barger,’ Ohein. S()c. Trans. 
i909, 2194 ; Lcger, BuH. .Soc. ehim. 1910, (iv.j 
7, 172), and by the mefhylatjon of lio.xy- 

phenylethylnniine l»ydr<»( lil()rul<‘ wiHi ulcoliolie 

S otash and methvl iixiidc af KK)’ (IloMcnmund. 
«r. 1910, 43, 300). 

flordcninc forms culoiirless, al¬ 
most ta«tck«s anhydrous «)rLhorl)ondiuc prisitis. 
m.p, 1 IT'S" and Mibliming like < anij)hor at 140 - 
150'^. It is readily .soliilih* in alcohol, (“lliei, or 
chloroform, but sjiarinply so in U n/.ciie, xyh nc. 
or toluene, il is optu-allv inacfuc. It in a 
strong base, in alkaline towaKis litmus and 
phenolphthalcni. lib«*rates umiiioiiia from its 
Halts, reduces acnl .solulions <if jjotjuN.sium jier- 
nianganate in the cold and uiiuiioiuaial solu¬ 
tions of silver lutraic and hmIu acid on wanniil^J. 
It is not attacked by i cmccnt rated Hiilpluun- acid 
or by pota^ll, liul readily forms soluble salts 
with tu'ids. \Vhen boiled willi nitre in «1 it 
yieldb picric acid, and when luelhylated and 
oxicliKcd with alkaline pcrmangaiLate it oiv<'s 
umsic aeid (Lt'ger, .1. 1‘liarni. (')iim. 1IM>T. 2.‘, 
5; (,Nimj)t rend llKiT, 114. 4«H). 

flnrdrudu su!/ihtUc i iyflalhses in neeilles uiul 
liUH a slightly latter ta.Nte. It forms Inown 
orybtalH with iodine, but gives no pjeeipitale 
With tile tannins of vege table infusions in 
small doses it inus a tonic action on tlie heart, 
Imt in toxic do.sc's fl 2 giains per kilo) it pio- 
duce-s tlie leveise clhat. 

It ims been ciiip]o\ed as a remedy in cases of 
typhoid, dysenb-ry, ciiteiifiN, etc. It in not sjo 
eiicrgctie as digitalis, spaitiuiie, or slio[ihanlhiis, 
but is le.SH toMc than any of tliese (Sabrazes and 
Oucrevc, (iompt. rend. ltK)H, i 17. IDTO ; also 
Camus, ihid. 142. 110, 237). 

Hordcni)!^ nufhttxiidr, winch jiroli.ibly 
|K>hsc.sscn h hinnlar ph\sioiogical action to that 
of adrenalin!', has bi'cn svnthe.siseil from ;>• 
methox’yphcnvlethylainme W treatment with 
methyl lodule, an almust quantitutnc >j<‘id 
being obtained. If eryslaihsos in ooloui'lehs 
prianui, in.j) 22!t 239' (Hosenmund, i.c.). 
Other organic and inorganic <‘omponndH of 
hordenine have also been uliluined I.c., 

and Compt. rend. 11K)7. 144,298). . 

i)etertion.- A few drojis of hordenine are 
disAolved in a few c.c. of acetic acid and boiled 
with a few droi)8 of forrnaldcbydo ; 3 c.c. of 
sulphuric acid is now added, when a griHm 
coloration is produced (f>cnigi‘S, Bull. »Soc. 
chim. 1908. [iv.] 3, 789). 

1 c.c. of 1 p.c. hordenine sulpbatc solution is 
boiled with an equal volume of urotropiiu* solu¬ 
tion of the same strength, and 2 c.c. of strong 
sulphuric acid, a line emerald-green colour is 
pnrauoed even with 0‘0CK)1 gram of hordenine 
sulphate (Ijibat, J. Pharni. Chim. 1909, 29, 
433). 

HOREHOUND v. Makruuicm. 
HORNBLENDE. An. important roek-^rm- 
ing mineral belonging to the monocbnic scries 
of the unphibote group, connisting mainly of 
metMiiicates of calcium, magnoeiuni, and iron. 
The name hornblende is soiactimes applied to 


the group itself, which Inoludee the uhIbI 
minerals asbestos (g.u.), nephrite (o. Jade), and 
crocidoUte (9.0,). More usually, howeyer, it is 
restricted to the darker-colourM (green, brown, 
black) aluminous varieties, the composition of 
which is cxprtNwcd bv mixtures in various pro* 
portions of the molcculoH (ja(Mg,Fe)|(SiO|)4, 
(Mg,Kc)(Al.I'V),.Si(),, and NaAl(SiO,),. it forms 
jiait of many ktiulH of igneous txicks, e.ff. horn* 
olciidc-gramU', syenite, hasalt, &c., and crystal* 
line NcliiNtH, r.ij. hornblcndo-Hchist. L. J. S. 

HORNFELS e. ilnH.ssTo.NK. 

HORN LEAD r. 

HORN QUICKSILVER. ( '<ih,nd v. Mbbcobv. 

HORNSILVER. Native silver chloride v, 

('miAKi; VUl 1 K ; SlIA Kil. 

HORNSTONE and HORNFELS. Names 

applu'd to a variety of hard and tough, fine* 
giaiiied and compact. Hplintcry. siliceous rocks 
with a hornv appearance, which have gonomlly 
been fi.Tiiied bv the baking aelion 01 igneous 
roi'k-niuNNt'N on Miriouiuling Hcdimentary ix>cks 
(NaiidNlonc.N. grits, nIiuIi-n. slates, Ac.). They 
fie<jneiitiy show 11 banded structun' reproflonting 
the original iKahling planes, but they do not 
lireak along tlieae directioiiH. 'j’ho name hom* 
stone IS more usually u|>phc(l by mineralogista 
to 1li<‘ higlily siliceoiiH kimls, and ifgunlod as a 
vanct'. of (piart/ allied to (lint, eheit, uuvaoulite, 
and jaspi']-; whilst the (icrruun name horufeU 
IN applu'd by ]ietrogiaplH‘rs to materials more 
of tlie natuie of locks, <.fj. biotito-honifelH, 
aii<la]u''ite-iioriifclH, loutmalino-liornfclH, c»lu* 
silicat(‘-liornfc]s. ^c, the laxt-namod having 
Ix'en produi’(‘d by the thermal metainorphism of 
impure siliceous liniestoncH. The (Swedish 
I/(illtJhutn (meanuig rock-fiint) is also very 
siinilar in eiiuiaeter; tins may in Homo cases 
repi'('NeMt an uttered felnitie lasa, but in others 
it tlocH not dilTcr from hornfclK. These matoriaU 
are iisedjis honcx (r. Wliotwtone). L. J. 8. 

HORSE-CHESTNUT. Marronkr d'Jnde, Fr. j 
/I'oWu.Wo/iir, tier. Tlie well-known horse* 
ehestmii trci*, .KwuIum hjtji'imHUinum (iiinn.), is 
a native of lVp>ia and Northern India, and WM 
intrixliieed into Kurojie in (he Hixt<«.*ntli century, 
'^'he bark ('oiilaitis, ix-HideN tannin, fat, and other 
I ('ornrnon KuliHtaineN. a, gliicoHido (e^cuiin knd a 
little of its lisium pnxltici (ZMCulctin. On 
j account of itn blue (liioreNeeiiee in aqueous 
! Hoiution, still recognisable at 1 : I.l.OOOttKM, the 
: sulfHtanco aUrae9>d early attention, and WM 
i first UTmed tStdiitJeretol! in Oerman. It has 
; Ih'C'Ii ehiefly e.xumiued by Itoehleder and 
j Schwarz (Annalen, 1853, 87, 186; 88, 360). 

I .llHculin IS obtained by extracting tfao bark 
I (Ix'Rt colleeU'd in March) with boiling water, 

I precipitating^ the extract with lead acetate, 
i removing tlie excens of lead from the . filtrate 
I with hydrogen suljihide, and then vonceatratiag 
i until crystallisation begins. Alter a few da^ 
j the ciystaU an* eollecU^d and secrystaUised flm 
j from alcohol and then from boiling water, 
i .F^cufin, forms white needka 

of slightly bitter taaU% wliich lose their water 
of ciystalUsation at 120 '~130^ and melt at 
292^; it disflolves in 600 parts of cold, and 
parts of tKiiling water, in 100 pa^of coid,aBd 
; 24 parts of boiling alcohol. As in many CMSi» 
aci(w abolish the fiuorcscenco. AAtAtion witit 
, a little nitric acid gives a yellow eohitidii, 
i turning deep red with ammonia (Soiuiensofac4a» 
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Ber. I87(;. \K 11S2) Tlio solution in a few 
drojm of concentrnlofl siilpliurie acid in colouri'd 
<loej) violet l»v addition of ftodiinn 

hypoclilorito Holution. Bromine fuminlioP cry- 
Hlallinc f{il)romi-;i‘M( nliri. f ^ 

sodium aniiily.'im nmorjilmiiH fiydrcta'sculin ; 
t rvHlidlim* ]»cntn-H'<'lvl an<l )>eii/ovl derivativcK 
are known. I'-niiihin and warm (Idiite mincrfil 
acids JiwiroiyHc 1o di'xtrosr and o^ruhl'H 
(Zwi'Jiycr, Annak II, iH.'ii. P<>, tir)). /Bsciiletin 
anil ^iuciivan luc formed I'N' lu’atinj' asciihn lo 
2H0'. .Km iilctm, may i*e ]niriticd 

by precipiliil loll 111 ak’oliolK' solution willi l<-ad 
ucolaU', wasliintr t lie lead coin|ion!id wit )i alcohol 
and rcj'cncnil 111 *: with li\dioccn siil[>liidc. it 
cryHfalliscs m m-cdlcs. m p 270*'. Iidlc soliilile 
111 I'old, modcratch in hoi water, readily in hot 
alcohol, iuirdly in ether. Jt reduces KelilinL''f' 
and iiMinioniaeal sihi r solutions. It is (>: 7- 
dihydroN}ci>uniii!in as sliown lt\ the synthesis 
h 1 
() 

7 llti ('() i: 

i> lit I t’i! J 


lioin liydioxy li\ dto(|UUi«ine aldehyde, aeetiv 
antiydriile, and sodiuni acetati' ((hiltermann 
mill Kohner, Bet iJKfi) /Khimletm 

has in inpicoiis sotiidoii onlv a \('ry sli^dit 
tiuoivseenee. l‘’oi leduclion |iroducfs. t<vv Kie- 
bennann and liindenlanim ( Ber. 11102, Wit. 2010}: 
for Sigmund (Monulsli. IDIO. 111. iutl ); 

for the nuei’oi liennstrv of mseulin, Tunnmnn 
(Chom Soc. Ahsti, I'.HT. in h!)). 

The hark of the linrHo-ehestnut further 
eontain.i tlio ;;lueosi(h‘ frarin (hfiffisflin. ulso 
imiseiit in the bark of the as!i. Jt is liylioly.spd 
to dextrose und frnxdiu (hMe. a tnellio.xv 
•eseulelin (Kornev and Bimtu'lii, thu./. eliim. itttl. 
I8U1, 21, ii. •ir>2). SrojtnJih. in the root of 
AVo/xi/m Hp., iti Alropn htllndo/iiin, and in other 
SoUmat'ra’, is a ylueoside of sconolelin or 7- 
hydroxV'b-nu'tlin.'cy coumarin, anu therefore of 
u'HCuU'tin inononu'thyl <-lliei (Moore. Cheni. 
Sou. Trans. IH), Idllt ; in this jiaper an 

ttueount of tlie earlier hlemtuie is given ; a 
different Hystem of nuinhi‘rini>: the sulxstituentH 
in employed). Seopoletin has sometimes been 
eonfuaed with iwenlelm; it occurs free in 
OvlftriHittm Ai'infH rrln us. 

Tlie c(>tylcd(m.H (‘ontain two little-known 
glucoHuies and otlu'r derivutnos (lloohleder. 

pr. Cheni. |i.| 87, 1 ; ji.] lUl, 415). The 
leavea quereitrin. the tlowi'rs (jiiereetin (Koch- 
Iwlo-T, J. 1859. 522). 

HorBo-ehiistnuta are rich in cut boliydnitos, 
and can Iv used for the production of alcohol 
andacetone bvfcimcnlation: thoyieldof aleoliol 
may l>e 11'5-12 ii.e. of the nuta ns picked. 
('f. J. Soe. (Ticm, Ind. 19\9, 411. T. 
Bitter and harmful principles (sapoiiinH) can Ik- 
extrjfrted by boiling water, and then the nuts 
constitute a valuable cattle food; they have 
even been ineorjiorated in bre«<l (c/. Dechambre, 
Compt. rend. Acad. Agric. 1917. W, 927). Entire 
fresh obratnuts contain al>out 45 p.c. of water, 
and air dry about II p.c. The following per¬ 
centage analiwib (Baker and Uulton, Ana]\*8t, 


Nov. 1917) refi't-H to peeled und grated nuto dried 
at 55“: inoistgre, 1'85-3*5; ash, 2*4^2*9 ; 
ether extract (oil), 5*0-7*2 ; protein (Nx6*26), 
7'2r>-10'8 ; n’diicing sugars as dextrose, 1*6-9*! ; 
eane-Hupar, 7‘27-17*5; starch (Lintner), 21*9- 
47'8; stareli (taka dia^itase), 15'2-39'0 ; pento¬ 
sans, 475-5'44; crude fibre, 2'0-2'6; matter 
.Soluble in cold water. 32*5-48'4. The oil, at 
one lime used in medicine, has been examined 
by Stillesim ((’lurn. Zeit. ]tK>9. 33, 497), 0. 
Masson (Bull kSci. Pbarmaeol. 1918, 25, 66; 
('hem Soc Ahstr 1!)1S. i. 518). (h B. 

HORSE FAT. The fat obtained from 
(lif'ler<‘iit jtirts of th(' liorsc is a pale yellow to 
oranp(‘ semi solid inass with an unpleasant 
odour On standing it separatt's into a solid 
and liquid portion, the lattr-r being known in 
emnmeree as hoisf oil, not to b(‘ confused with 
/mrw Joot oil. Botli tlie fat and the oil have 
drying |)iopertioK. which render them un- 
siiitahlc* for lubrieatiiig putqioses. I'lie fat does 
not fip])e.ar to contain any sleane acid (Hehner 
a>id Mitch('ll). hut contains about 16 ]).c. of 
linolie acid. It molts at about 34“-39“, and 
lias an iodine value varying from about 75-90 
according to the part of the nnitnnl whence it 
was denied (rf. Heidusclika and Stemmek, J. 
in- ('hem. 102l' 102, 241) 

Horse fat is used as n substitute for lard 
in some parts of Kurope. Its use is claimed in 
Kiig, Pat. 25046. 1905, ns a medium for coating 
eahium larlmle in tlie tiroducliou of acetvleiie. 

C. A’. M. 

HORSERADISH. I'he root of I'urhlcaria 
Anii'iinnit (liinii,), used as a condiment. Its 
pungent flavour is due to tlie ])i’escucc of 
/sf)bu!\l ixotliioeyanato (’4llsN(7S. Tbo root 
contains— 

>’itroS(’iuni' A-iree (’rude Orsaiiiu 

Watci siih-.tiUin‘' I'iil extr.at tUire Adi sulphur 
76*7 2*7 0'3 15*0 2'8 1*5 0*08 

Tlie following is an analysis of the ash of 
horse-radish :— 

Percent oi _ c ... * c” n 

nsii la the « 7, o’ ? - 

dry Mibst 'x ‘y. C ^ ^ -j: o 

7 1 30 8 4-0 8-2 2 !) 1 9 7 8 :i0'8 12'7 0*9 

H. I. 

HUANTAJAYITE e. IUlite. 

HUASCOLITE v . Zinc-blenuI'. 

HUBNERITE e. Wot.FRAMiTi;. 

HULSITE. A black, opaque, ortliorliombic 
(?) mineral originally described as a hydrous 
borate of ferrous and ferric iron and magnesium, 
but subsequently found to <-ontain some tin 
(SnOj. 7 07 p.c. in a sample w'lth a considerable 
amount of insoluble gangiie), th<‘ formula being 
given as 12(Fe,Mg)0-2Kej().,'.SuU,'3B2()a'2Ua0. 
It occurs Qs small crystals and tabular masses 
in a nietainorphic limestone, near the contact 
of this rock with granite, at Brooks Mountain, 
Seward Peninsula, Alaska, and is associated 
with magnetite and tin•o^<^ L. J. »S. 

HUMIC ACID. The sultetance produced by 
tbo decay of vegetable matter and found in the 
.soil.« Various humic a<'ids have been described ; 
an octobasic acid C’ioHjjOjj (Dotmer, J. 1873 , 
844 ): ftfiacidC'j,HjoO,ft(Thenftrd,J. 1873 , 844 ); 
' an acid ( 0,A, from brown coal (Moppe, 

' Zeitseb. phi'siM. (Jhem. 13 , 198 ); and on acid 
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S'vS 

CWI O Ii„t> ;„. r 7''',P''-‘‘',""" ■'■'rr'm (,,.r). Oll.rr »(„■■,.«„( «,nilnr colour to 

ai.„,jii»: v.hi;.h is ",:;;‘^:;;';;^;:!':;;S'?^;:':i,!;::;:';:;;:;::.^^;;;;; s::;:;:'f r;;:,j^ 

(Kz;; i';hor''z™;;‘/T;:;^^^ ;:;.si!:„;r(Z;lr;;^u''by::“‘'"r,'''’‘‘‘ '•'■'“''"‘'‘M 

‘W>8'^“'j’ "Z <*''»■ ^'‘' Vr^..vms': v'll“'w!.srr«7«,‘,'im'rfrom 

or \VH'!i>Ip'‘r f I"-'-' ''Inm-s ^t,vnx, lira/il ; U>pa7, from liruzil; and 

nro W 1 ,?.'^^^^ ' ' 'rir romn.lum (Oriental liyaointh). 

rfiiioval (f flip"!' f/" " '* of the niutt-nU wuh, 

.v?.p«y f J I^«i;nd manor ,s tu-atr.i with lK.^^o^o^. a bluo or jxupio stono. probablv^ 
c\cpfl8 of liino. DotiiHsnim soh.h^itr. i« .., .i. /_i . , ‘ ^ uu,u,jr 


CXCPH8 of Inno, jxitiLHsiuin .suipliato is lultbal, 
iind the resulting substaiirc si^lu a^ u iiiaMuri'. 

HUMULON (a-Aop-^yfPf r (o'/(/ or luinili 
(i(td) f-silfao^^s. A aubhlaiico t oipajucit u 
l^Upulm, oiu' of (lie lult('i jinm iplos of flops 


.• •• jfH/l 

iiriHidurn (Hapjilmc). or perlinjis anicthyHt. 

L. J. 8. 

HYiCNASIC ACID (’^,H./(‘()()I1. m.p. 77-5®, 

l^ found as a t.dye(Tidc m the anal pdaudulor 
pom lu'H of tlio HtniM'd liy irnu (('anus, ^Vimalen, 

l ‘>0 IOv\ 1 . V 


, , ,., • 1.1"'^ JIV'P^ poll' lU'H ( 

it may be oblamed tiy irneatcd nrcf'ipifulion J2!», KaS) 

'.. ' ' ' HYALINE CORUNDUM ,■ 

HYALITE r Oi’vi. 

XHCH, 

HYDANTOIN,'//ytofi/n/z/a/iadid^ (JU. I 
, ^'XIIOO 

iH found to^cthi’i’ with allautoin in the leaf 
buds of Platuniif* <irini(iili.s (JaiAi.) (Schulze and 
ifarbien, her. iSKl, M. Is;j4); and aiao in beet 

-.. -'old and di'cp jcddi.sh.vi'ihd (v. I.ippJnann. her. 18!)(l, 21), 2(ir>2). Ilia 

colour with alcolinlie fi-nic chloiide (iisi-s I'C(‘P«>''‘d (1) by rcdiicm^ allantoin or alloxanio 
cryMlalline pn'cjpit.ilcH wilh Malts of copper and concentrated hydrogen iodub at lOO** 

lead. Subjected to hwIrolysiM fonris iao- Annaleri, 1H(I-1, IIM).'lOH}; (2) by the 

butyraldehyde, neetie acid, .hunudic acid, an cxcchh of alcoholic ammonia on brom* 

unsaturak'Ll acid, ('oH,bp. jn.V 10 min. 


as tho lead Halt from u mcliiyl alcoliuln. extract 
of lupulin and may b<- piirdied by cryMtallisjitioii 
iv. ‘'^(>^bjnali'»n uitli o-jiiienylenediamine, 

»»iLh it forms slender x ellow needles, m o J1 .'i 
117^ ' ^ 

Humiilon melts at 212 iii tlO p.e 

alcohol. • 2.12 2' in beii/ciu'; is oiIouiIcsh and 

almost tasteless, lleiluecs amiiioniacal hii\ei.... . oniti m i/cvii 

oxide in the cold and ui\<‘s a di'cp jeddisli-vi'ihd 20, 2(ir>2). It is 

1 . . T . .. jirenared (1) by nuiuemg allantoin or alloxanio 

aetd with eoncentraled hydrogen iodub at ICH)** 



[^cnated, whereby it sullei-a fiiwjon mio an . .m me vunyi 

Ci.Hj^Ojand j9-methylbutane . j-lUl, ‘ with potasHium eyanak (Haniew 

— Cj^Hj^Og + CjHij. The acid forins yellow ('r liy the interaction of glycoUic 

:iryfltal8, m.p. 123'"-12r>^ I>elia\es uh a mono- : woiiiocarlKinato (Diela and 

basic acid; forms a idruheuzoak ! ^I<‘jntzel, lier. l!K)o, 38, 305). It may bo pre- 

in colourlc88 flat prisms, m.p. 108^ Alcoholic : hippurie qckI bv efitiverting It into 

lolutions give a dark Idiic loloration with lead: ‘^•*-'^'”^-"yJ‘-dhioliy<lantoin (.John.son and Nicolet, 
icetato. A warm methvl-aleoholic solution m ^ '[ and then 

current of air viehla a dthydron/quihoiu' m'Mnlpb«nsjng this compound with an arj — 
J.jHjjOj; slender/ied needles, m.p.'o:r-t) 4 '’ !chloracoth a<id (Johnson 


..(HjjOj; slender, i-ed needles, m.p. (bT-()4 , 
ivhich conden.sed with o-jihenvlendiamine gives 
k dark red azine m p. lOfr 

WoUmer, Bcr. 1916, 49. 7H0). 

HUMGARIAN TURPENTINE e. Olko-ke-sins. 


then 

ueous 

and 


J i liengis, ifiid. 1913, 35, HHJo). 

IlvdanUnn crystalUfM-H in colaurlnw noedlea, 
m.p. 2l(' fSchulze and Barbiori, Anschutz, l.c.); 
217 -22d ^Har(i(» and WeisH, l.c.); ita neat of 
combustion at constant x'olume i« +3I£-4Ca., 


HDHOARY BLUE. Ccibaltblmr Piomexts fcunljunUon at constaat volume ia +3I£-4Clal., 
HDHOARY GREEN. Malacinl, nn.n t! I "* lormatinn -fUmCal, (Matignoa, 

?iaMKKTa. : Anil. Chim. IK93, fvi. ] 28, 70). Ita diaaoiW' 

HUTCHOrSONITE. .Sulph aiwiiilo of thll-’ J.!''" raKtsnt Ka la 7 of»x 10-‘" (Wood, Phil. 


HUTciuKSONITE. .Sulph aiwiiiio of thll 
ium, lead, ailver, and copper 

(TI.Ag,tHi),.S Aa,S, + PbS .Y«,S 


. , , * * “ j has a sweetiah taate. Hydantoin is not attacked 

ryataluaed in the orlhoriiomke Hystein, and by ammonhi, liydrocbJoric, or dilute nitric acid; 


...... ..aia. ... . v.//-. av V " I 4 UI. 

Trans. 1006, 1833). It is sparingly soluble m 
cold, readily so in iiot water, and the Solution 
has a Hweetish taste, Hydantoia is not ottocked 

bv atiimnnia tivrlnwiilitrir nr nifMA m,,iA . 
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HYDANTOIN. 


when boiW with liarvlii water it ia ronverted , 200°, when a larger pr^rtion of bromine ia 
into the barium salt of In/dntiUiic acid i employed, parabanic acid (oxalylcarbamide), is 

Iho heat of ((jitilmslion of whicfi is 308'9Cal. 

urul heat of formation -f-l8l't»Cal. (Mutignon, lx‘ing probably first produced. 


^NHCO 


I.C.), m.p. tTO'-lHO', 

Tfie Hili'fr dirii'<ilu>e 

jirecipitfilcd by nilver nitnitf from nn ammt>- 
niai-al «<»lution of hydantoiu, 

4 :4 dibydatitoin 

Ml-('t) aMl-('<> 

A' ; 

CO -aNH CO—Nil 

prepared by boiling r>-aniino-4-liv(lroxv-4 :5- 
dihydrourie arid widi coiieentrated liydrochloru' 
acid, (TvM*lal[iMen in stout rhotnliolicdra wiiuh 
onl^ slowly blacken and deconipoHc al»ove 400 . 
It iH remarkaiily slalilc t.owaids acids, and is 
not attacked by alkaline jiennimganate ; it is 
converted by hot cfinccnlraled afjueous barium 
Iiydroxide into nliantoin. Jt. is tlie jiarcnt 
Hulwtanee of hvjiocalTeme (1 ; 7 : O /n-iacM///- 
«;n/o-4 : ■\-lii/(lonioin) (Ibll'A and lb‘)n, Annalcn, 
1U1(».41:C 38) 

yiibstituteil deinalivi'S of Jiydantoin aie 
.-MlCJIo ' 

referred to the ling fOv j 

' Ml CO 
,Nn’Cii(\o..) 

Nltrphydantoln CO( . prepared 

^NH'CO I 

by the uetion of mtne acid on hydantoiu. forms ! 
afaning eryslnls, melting and lU'eomposing at I 
170® (Franehimoiit and Klobbie, Hoc, trav. : 
cliim 1888, 7, lU) 

4-Aminohydantoln hydrochloride, pii fiuied I 
by the action of I'onci'ijtrated liydrocldone acul : 
on triaeolylaminoliydaiitoin, has m.p lM 8"°'22'2‘' 
(decomj).). Kilver oxide reacts with it to yield 
audaqueoufrjiotassium 
t-yanatc reacts with it with formation of allantom 
(liiltz and Gieeler, Her. lUlU, 4{i, 342;(). 

,NAfCllj 

1 :3-Dlacetjlhjd»ntom CO: | , ub- 

■XAc-CO 

taified by the action of ueetic anhydride on 
hydantoiu, has m.p. 104‘-105 , and yields 
NAc'CIlj 

^•arriylftt/danfoin CO'' I ,m.p. i43^“l•14^ 
XII • CO 

when Iwilod witii wivUt, and this forms a 
sparingly soluble /if«i (Harries and Wcisfc, 
Auoalon, ltK)3, 327, 3^5; Siemonsen, Annalcn, 
1004,333, 101). 

^XC'l-CH, 

Dlchlorohydantoln cor' I obtained 
^SCli'O 

in the form of lustrous erv-htalUne leaves, m.j). 
120''-121®, by the action of chlorine on an 
aqueous solution of hydaiitoin. has the cluirac- 


Condensation with aldehydes. Hydantoin 

condenses with formaldehyde {1-3 mols.) in 
afjucous Bulntion to form /lydroiymclhyl- 
CHg-CO 

hydaitloin OHt'H./X, \ 

CO-NH 

,CO-CH, 

or • OHCII , N^' t 

coxn 

mi). 12")'-13.")', it fields chlowmcthylkydaiUoin 
(-brl ,OaiN._.(1. ill ji. lob-1,'ll®, when treated 
will) pliospiioniH pentai'hionde or concentrated 
livdrocldoni ac;d When liydnntoin is warmed 
Willi forinaldeliydc in the pr('.s(‘iice of acids more 
complex jiruducts iii(‘ ohtaim'd (Behrcnd and 
Niemeyer, Annalcn. !!)(lb, Ibi,"). 38). 

Hydantoiu condenses with aromatic aide- 
liydf's 111 the presence of glacial acetic acid and 
. sodium acetate to form conuiounda of the type 
COaMi 

KHC;C^ i , wlkieh, on reduction, yield 
i WHCO 

I the eorrespomling 4-fi/yb,subslituted hydauioin 
! ..CU'Xll 

! RlljC'IlC I . The following comiioUnds 
I ''NH CO 

1 are deseiibed :— 

I CO'XH 

, JJ('/ir.ijlid< ntliydnnloin ldiflC:C\ ( 

^NHCO 

: m.p. 220", violdij 4-b( nzi/linfduntoiii {pkenyU 

\ ' \C0-XH 

' alfiniwhyduHlui/i) Plill ,C ('ll, | , m.p. 

XTICO 

I8H'’>-11)0* on ri'diiction, from which phenylala¬ 
nine is obtained by Ixnhng with baryta water 
{Riihemann ami IStajiIeton' Pliil. Trans. 1900, 
24(5). Johnson and Bates (J. Amcr, Chem. 8oc. 
1015, 37, 383) record two isomeric modifications 
of ben/.ylidenehydantoin : llic ordinary form 
(ct«), m.p. 22(J'', and a /roiw-form, m.p. 246®, 
which crj’stallises in aggregates of aistorted 
needles (rj. Komatsu, Mem. Coll. Sci. Eng. 
Kyoto, 1012. o. 13). 

J fi ivjhdcmili ydantoin 

-CO-NH 

OMe-C8ll4CH:C^ I 

NH-CO 

m.p. 243''-244° (decomp.) yields a bromo 
derivative, m.p. 247°; and on reduction with 
iiydrogen iodide forms ■i-p-kydroryhtmylhydatk^ 
toin {tr}jQsiiichtfd(in(o\n) 

.CONH 

OH-(:,H,-CH>-CH( : 

^XH CO 


teristio properties of a eldorimmo compound j m.p. 2r)7‘^-258'', from w’hicli tyrosine is obtained 
(Harries and Weiss, Annalcn, L403, 317, 355 ; i by prolonged boiling with hydrogen iodide. The 
Siemonsen, Annalcn, 1904, 333, lOl ; Biltz and | tyrosinchydantoui, m.p. 275°-280°, described by 
Behrens, Bor. 19U), 43, 1984). Attempts to i Blendcrmann(Bicd. Zenlr. 1883,209) Uprobably 
prepare bromiue derivatives of hyduntoin have I the optically active isomcride of this compound. 


Doen unsuccessful; by the action of ^ molecule of 
bromine hydantoin is converted into isoolliiuric j 
•• .HHCH—N—CH,. I 

acid COC 1 1 >00, iu.p. 258®- 1 

CO'NH/ ! 


■ P\pcronylidcnthydai\loin 


CH,:0, 
m.p. 245°. 4 


C.Ha CH : C. 


CONH 

1 

NHCO 





HYDANTOIK. 


Minyiam^id€nehydantf>iH 
NH • CO 
CO/ i 

\ NH—C:CH CH :CHCVi5 

crystAJliaes fitun hot plarial arctic acid in 
elustore of canary-yellow ncodlrtt whii'ii nirlt 
at 272®-273‘* to a red ojl (drcfimp.} (.lolmsnn 
and Wrenshall, .1. Amer. Chein. Soc. ItMo, 37 
2133). 

FurJurylideiyihydaT^toin 

.CO Mi 

CjHsO CH :C 

Ml Ct) . 

in.p. 232®. • 

3 : ^-Dichloro ■ A ■ hydfori/h’ uzi/lid' tn hydtiiiioin 
('{»M1 

on . C ' : m p 

MHO 

}i \ifrohi iizj/lidt III }n/duul<iiii 

CO Nil 

XOjC.Hi-CH : C I 

Ml ('O 

m.p. 2.>1® {WheritT njid Ilidljiiami, Ann-j. Clicni. 
J. 1911, 4.'). 3(iH) iSVr iJiiluihoti Hfid Mnuith'clit 
(J. Bio). Chrni. 1912, 12. 1K4) for the pH’- 
])arati<)n of \-ph*nyl 1 i>nriiU}trohru.£rilh\idiniU>\)i 
and allu*<l riini|Knin(is from thiiiliiiddiitinh 
derivatives 

Alkyl and ary] substituted derivatives, 
Ml •Cllj 

I’AIfihylhydanioinCi) _ mollij latint: 

X.MeK'O ■ 

hydantoin by tnruris of mothyl io(Ii(lr>, potjw.siiini 
hydro.xidc, and mcUiyl alcohol at )•>(►' (J'ranchi- 
inont and Klohljic, Hcc tniv. chim. 1KK9. S. 
289); from mctliylrarhamidc itiid ^dv<'inc (tdia 
roschi, Choin. Zentr ]8!»2. i. MO); ‘('rystalliscs 
in prisma, in.fj 182'’. 'I’lio uiiro dfirivatnc 
>'(XO,)*('ir8 

CUy I htus in.u. IfiS" {Fraiiphiinont 

\NMo —CO 

and Klobbip,/.-)■ \‘ptolylhyd(intrnn 
MHCO, 

'NC',ii..\ro 
CH, ( 0 ^ 

from p-tolylcarbamidc and pdycinc (Qticnda. 
Chem. Zentr, 1892, i. MO); it haa m.i) 
200 ®. 

.NMe-nij 

" ^•Meihylhydantoin CO^ .iirepurcd 

NH ( O 

(1) by fusing sarcoflinc and urea (lliipjicrt, Bcr. , 
1873, 6, 1278; Horbac/.ewski, -MonatHli. 1887, 8, 
686); (2) by passing cyanogen chlondo through 
fused sarcosine (TrBul>e. }^r. 1882, l/>, 2111); 
(3) by heating cafTuric acid with baryta water 
(F^cher, Annalen, 1882, 215 , 28t5); or (4) by. 
reducing S-methylallantoin with hydrogen iodide ■ 
(Fischer and Ach, licr. 1899, 32, 2748 ) forms 
soluble prisms, m.p. 156° ; the nlvcr derivative 
AgCiH^iO* is crystalline. 

Z’Pheny^ydai^in from phenylglycine and 
urea has m.p. 191° ; ^-tolylhydnntoin has m.p. 
210° (Schwebel, Ber. 1877, 10, 2045; 11, 
1128). • i 

fiomologm of hydantoin containing the 
Bubetitoent in position 4- are most numerous ; 
Bud are prepMud by the following general 
m^bodB: (1) by interactions between the 

vou III.—r. 
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cyanohydrin of an aldehyde and carbamide 
(Pinner, Ber. 1887. 20, 2351 ; 21, 2320; 22, 
1>85); (2) by the ai'tion of dilute hydrochloric 
acid on the hydantoic acid obtained by evaporat¬ 
ing to dryiH'firt a Holuliori of an a-amino acid and 
pot:i.4siuTn cyaiuitc (Dakin. Amer. Chom. J. 
DHO, 44, 48) ; or by the int<*mction of carba¬ 
mide. the a-amino acid and barvta water 
(Lippich. Bcr ItKlS. 41. 29.-):i) ; (.3) by reducing 
liic ct>m]iounil obtami'<I l)y tlic comicnsatioii 
t>f ii\diuiliim and .nn aromatic ahlchydo (Wheeler 
and Hotliimiin, Is.). 

/NHCHMo 

I -.)/( thiilfii/dantoxn [Uu'tylnrc a) (’O' j 

NHCO 

(Hcint/, .Annulcn, 1873, 169, 125; Drech, Ber. 
18,3. 6, I M3), m ]» Mo (jr M5'*. Tlie mfro- 
,.\ir(’(X(),.)Mo 

d.-rivativs CO^ | lu.n. I 48 ‘> 

XIK'O 

(I'raiK'him<)iit and Klol)liic, Kcc. trav. chiiii. 
lS8S, 7, 1!)). } imlintyUiydnuioin 


CO 


xii cue,II, 

I 

XIK'O 


has m.p 299 -210 (I'mncr and Lifschiitz, Bcr. 
1887. 29. 2:i5J), 212^ (I.ippu'h, ihd. 1908. 41, 
2'.t>3). / } i-iuliniylhydantfnu lias m.p, 212°, 

t>8-2'' in normal sodium hydroxide 
dilution, becoming rcro in 30 liouni owing to 
the i ntjl-kcto di'smotrojiy of the group 

f'lK'O (JiOOH. 

^.MlCMeEt 

•iA-Mcthy^hthylhydinUoiH ('.()' I hoa 
NIICO 

m.p. 172'^--173', and ^ this is 

‘’on-itanl in normal fifnlium hydroxide solution 
Hhikin, I r^. A-F/icvyUiydunhnn, ui.p. 178®. 
Thfj ftrrtt/l derivative'has m.p. 146° (Pinner, 
fr); the/,ro»iy derivative 


CO( 


^Nll-CBrPh 

I 

Ml CO 


• 

mcltfl above 200°, and i« docomposed by 
water, yielding 4-hydron/-4-j>henylhy<lfinioin (Ga- 
briol. Annalen, 1906, 3.50, 118). i .i-Fhenyt. 
clht/lhyduntoin (n-nanol), m.p. 107®, and its 
so<Liim salt arc hyfmotica ; the free acid is 
tasteless, the sodium salt has a bitter taste 
(Wcrne-kc, Dcut. Mod. V\V>ih. 1016, 42, 1103; 
Piotrowski, Chem. Zontr. 1916, II, 1182; from 
Munch. Med. Wehschr. t}3. 1572; Farb. vorm. 
M.L. and B. Swiss, 72, 561). i :4-PhenyU 
ptopylfiydantoin^\n also a soporific, m.p. 170® 
(Farb. vorm. M.L. and B. Swiss, 74, 189, and 
79, 190). For the preparation of 4: 4-diBtib- 
.stitiiteil hydantoins which have soporiflo 
properties, me CTiemische Fabrik®von Heyden, 
J>. R. PP 309598, 310420. 

Phrii;Jlnutnyl§lychu'hydaTUoin{A‘heuzylhy6An‘ 
toin-1-acetic acid) 

^N(CH3C00H)C0 
coC I 

NH-CH-CH^h 

polypeptide hydantoin, has m.p. 18^-186®, 
and crystallises in flat prisms or raomfaio riatre 
(Johnson and Bates, J. Amer. Chem. 6oo« 1816 

2m 
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HVDANTOIN. 


38. 1087). i-M!thoxi/phrnulhydti-nloin has m.p. 
lSS“-iS0’. Ih/ihuloiii.A-rnrliori/hnntU’ 

.Nil—CO 

! ',CJ|-C'0X1I, 

(D-XH 

ha> III p. 2 tic (licnomp ). IhjdfuitontA-ardic acid 
XII—CO. 

I '.CHCH.COOII 

C()-X1|C 

2H ' 2ir>‘. }hi<l(ni.tnin-A-'jii‘ojifnnii' actd 
] »M'. Hyd vlnoi-'\-B-l/romn}>uip)/)ii’c 
(vi'l ini’* in |> 22K --'M) ; hyd ■\ Hy pro 

jxinybr ai'rl Imn in p 222 22:5 ; hyduntoui-A ft- 
(hlojopinpioint: itrul foims rn (, mmUiir 
htpliiritoin-A-"i 7yIi( lo id Ins in p 2.'>i')-2.')S' 
f i)'ikin. I^Hifhcin .! 11)1 ik ! :5, Il'.IS). 

hiplii iilo'II 

CO MI 

('111‘ii ; CM Oil ! 

172^ fPiMiK-i' ami Spill;.- 
|■dhylh'^dauln|H, in p 


liiLS in p. 
Inis in ]). 


i.p 171 
• (;h5). 


Her 

1)7 - MS'. 


\'i«-lfls 4-hn))iiiiiIhylidi )n'h//d<nif(ini 
■ XHCOIlrMn 
CO 1 
XfiCO 

in,]* 2:i<)2:U’C, on hnniiinnl ion ; t In* roi rrspoiul- 
jn^i JMctliyl coinponml vn-lds Adtioniontrllii/h'io ■ 
XII (’.■(’IIHr. 

hyiidnioin f'O I in p. 2-!i‘ 212 ’ 

Xli CO 

((Annalni, IDOI). IMS. 50). 

4 : 4- DnuiUn/lhi/ditidoin (ai't-ltinylcailniimilc} 
/Xll-(\M<*/ 

r.'Os I fornmd hv tlic mtion of livdro- 

XH-ro 

cynnic acid, and fynnio mnd I'li iiralom’ lias in,|i. 
175“; the iidKi dniviitivc lias in i). 1()M--1()2' 
(IJrorli, Annalcn, 1872, 104, 204 ; Km-rii, (Oi/.z. | 
(•him ital. 181)0,20, 1,210): 4 : 4-nirMy/n/(/f/n- 
fuin hiw m.p, I0,")’, and 4 \ 4-dipiopnllnftlnni(un, 
m.p. 11)0“ (Krroni, lx.) ilv tin* ai'tion of 
aodium hvporldnrilo and fna- li\po<‘ldoHini> acid 
on 4 ; J-diHubstitiilfd jivdantiuns, the cone- 
bpondim* 1 •.[\-diihlinn mnipounds 
XCI-CHIC 
CO. I 
XCl CO 

arc obtained These e(.in{K*un<l'^ can be cr\-stal- 
lised from ehkirnform, but are <lee<*m])esed by 
water, aleoln*!, nr hydinuen mdide, regenerating' 
tlie original hvduntoin (Hiltz and Jk-hrena, IJer 
1910, 43. 1984). 

1 : Z-lhchlaro-4 • A-d<phnvjlhydnntotn 
CPhcXCk 

I )co 

Co-xci- 

hft» m.n. 104’ with deoompixsition. it. yields 
A'.A-dipn€nyl‘*\ when treated 

witli methyl sulphate. 

1-J/e/Ayl-4-pnrni/f/(ivrf/i»/f)iwrha8 m.p. 10I°- 
102^ (Pinner, Ber. 1888. 21, 2320). 4-.Vr/Av/-3- 
(th%flhydafUoin forms volatile plates (Duvillier, 
Bull.Soc. chilli. 1895, |ii.] 13. 487). 

^\A-DiinHhy}h^aiUo\n has m.p. 120^-121“, 
and yieliis Z-mfthylA-hromomcthiUnfhydcmtoin 
.NMo’CiCHBr 

m.p. 143'’‘-144®, by the 


action of bromine {Gabriel, Annalen, 1900, 348, 

50)- ^ ... 

■i BcnzyVojdfiid.oin (inactive) 

IfN-CO 

I I 

CO 

I I 

XH—CII-CHjC.H. 

WHS jnepured by W'heeler and Hoffmann (Amer. 
(’hern .1 M)li, 45, 372) by heating benzal 
hvdantoin with ])hoHphoiMis and hydriodic acid. 
It ei-\sTa!lises from ab^ihol in laniret-shaped 
iTVsIal-j or in ])risnis, in.]*. 190'’. Dakin and 
I)iidl<y'(•!, Biol, ('hern 1914, 17, 35) prepared 
d- ami Idii/i.zyl/iydniitoia by hydrolysis of /• 
and of d-li-/dinii/l-a-iniinud(> propionic acid^ 
fC,n-,( ll,) ('H (XlI C()XH,)COOH ; d-henzyl 
IniddnUiiii. lias rn jt. l8l' 183”, and [a]^, + 9(V4“ 
in 50 }) e. uleolio! ; *1 raeerni.ses eonifiletcly on 
stamlnig in alkaline solnlion at room tempera¬ 
ture: !-li< ii-:i/lhydnrilinu ha.s m ]). 181’-183''; 
on piolon^cd iieating with com-r-ntrated acid it, 
raeciniHcs < orn|ilel.<-U ; Hie inelluig jiomt of tfio 
/• lU'id lieiiiL' l!)4 '-105 ' 

4-/C \itiohi iizylln/doidotfi, 

IIN-CO 

• I 

CD 

NH ^(’H('lU(J«Il.NOs 

crvsLalhsi's in jiale \ellow priMiis, and has m.p. 
238^-210“ (di'ciinip,). 4-/J- \ »iinohr-nzyUiyddniuin 
has m p. 145'; when diazoti-scd and heated it 
\ields t.u'osine liydantom (.lolinsoti and Braut* 
)echl,.f Biol Cliem. 1912, 12. l87). 
i ■ i- I>ini' Hiyl-l-odolylhi/doiihtiii. 

IhV-(J(ClIJ, 

DC 

(CaH,Me)N -CO 

ervsI-alliHes in tliin prismatic plntcs, m.p. 172® 


cod 


■ho 


{Biulev and McPherson, ibid. 1919, 11, 2520; 

Ik-r. M)l)8. 41, 2497). 

For the synfhesi.s of the polypejitide hydun- 
tom, plienylulanylglycineliydantom 
,X(CH3-C00H)-(J0 
CO i 

.MH-CHCHaPh 

m p. 184'’-185'’, V. Johnson and Bate.s (J, Amor. 
Ciiein. ‘•'oe. 1910, 38, 1087). For other deriva¬ 
tives of hvdantoin, ^re We.st, J. Biol. Chem. 
1918. 34. 187. 

Thlohydantolns. 2- Thiohydanioin 

sn-co 
CS( 1 
^XH—CH, 

was obtained by Klaaon (Chom. Zeit. 14, Rep. 
200). It may be obtained quantitatively by 
hyilrolysiB with hydrochloric acid of 2-thiO' 
3-acetylhydantoin or of 2-thio-3-benzoylhydan- 
toin (produced respectively by the action of 
potoaHium tliiocyanate on giycocoll or on hippurio 
hcid in presence of acetic anhydride). It 
eryslalliseB in yellow priems, m.p. 227^->228^ 
(de^omp.). It is stable and yields stAbla oodinm 
and potassium salu (Johnson and KieoJc*, J. 
Amer. CTiem. 3oo. 1911, 33, 1973; ibid. 191S» 
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35, 780). 2-‘Thio-i-p‘tolylhf^7UoiH, m.p. 226^ 
18 converted into l-p^towlAydanioin on iieatins 
with ftqneoua solution oi chloracetic acid {ibid. 
1012, 34, 1045). H-ThiohffdaiUoin is formed by 
the condensation of rarl)ethoxyainidoacet-tlu(j- 
amide in presence of alkali 

,MI—CS 

CjHjOOC.VHril jCSXHj CO I 

Xfl-Cll, 

It crystAliisoi* from hot water in sjn-ar ^'hitprd 
twinned crystiils and cratliml]\ 
above ; it hydroIvs«-!< with hydnx lih»nc 
acid, yieldin^r livdnntoin and Hiiiphnn-Urd 
hydroitpn (Johnson and ChernofT, i/of/. UH2, 
34, I20H) 

'Z-Thu>Jii/'ionfnii>-i prnpionir acid ha-s in p, 
105“ ( Johnson and tiuost, Amcr Chein. .1 1SU2, 
47, 242). 

2-Thio A h'-nznilo/d'nito'in, micrnsropu- no'-allc'^, 
ha'^ ni.p. 2.‘>S' (“In.lii th'rotnp ) f.Iohn>’on and 
Xioolct. -7. Arncr Cliotn. Noe I'.M2, 31. lOtS, rf 
also Itnheinann and Stajilcttm, Clictn .Sue. 
Trans. 77. 21<5) 

2- Titto i-o-fl U(h n njhf 71 zyUi nloin 

Xli-CO 
CS, 1 

Mi-ai cii, (. 4 U 4 O 11 

m.p. 107‘^, IS readily dcsulji)iiin-fd In liealinc 
with 25 p.f’ Holiition of niono'diloracctii' hcjcI 
at I40'^-I5(C, yu’idiiii; \-o-hijiho.nj}n7r,ijl}i7jdnn- 
tain (4-0 tiirostiuhyd'tiHom]. 

Acylthiohydantoins. 2-77oo.3 rfcch/M»/'5/a/t/m 
crystallises from absolute alcohol iii beautiful 
square tallies or blocks; it melts at J7r>‘'-17t)' 
to a eloar oil without etferveHcence. 2-77oo-3 
hcHzoiflhydimtoin crysfalliHo.s from alcolml in 
square plates; it melts at lb."/’ to a r-lear oil 
without eiTiM'voscenee. 2- Thio.^-nc.ttyl-Admruh 
hydanioui, prepared by the actmii of nminonuim 
tliioeyanato on plienvlalanmo in acetic anhydride 
bolution, has m.ji 170®. 2-ThwJ 
iiU’thyih7j<iaiUoin, jm pared by the' action of 
j>otai“Rium thioeyanate on alanine in presence 
of acetic anliydride. ery-staliises in stout jn’isni.s, 
andliaa m.p. ItiO® {Johnson and Nicolet, J. Arncr, 
Chein. Soc. 1911, 33. 1975; djul. 1912. 34, 1041 ; 
ihtd. 1913, 3o. 11.30; Amer. Cliem. J. 1913, 49, 
200; J. Biol. Chem. 1912. 11, 9S). 

4 : 4-Dimcihyl-l o-iolyl 2-tliw/n/d(i7itoin 
HX-C(CH,), 

sc j 

(C,H.CHa)k’—CO 

is prejiared hiy boiling equimolecular amountfi 
of o-tolyl mubtard oil and aminoisobutvrate for 
an hoar, distilling off the alcohol, dissolving the 
residue in water, and precipitating the tliio- 
faydantoin by the addition of liydrochloric acid, 
m,p. IGS'S® (Bailey and McPlicreon, J. Amer. 
Chem. Soc. 1910. 38. 2525). M. A. W. 

HYDNO CARPIC ACID, HYPOGALIC ACID, 
V. Oms, Fixed, and Fats. 

HTDRACETIN. Mono-acetyl derivative of 
phenylhydrazine. 

fifTDRACRYUC ACID r. Lactic kciD.m 

HTDRiESCUUN v. HoBSS'CHXSTXtTT. 

HYDRAHDf. A trade name for a Aimbma* 
Uo n of f >»^ieoyIenediamiDe and quinol. 

HTOftUMnXlTE r. Gissitk. 


HYDRAROOL. Mercury sucoinimido 

(C,H,'CO‘CO‘N),Hg. 

HYDRARGOTIN. Trade name for mercury 

tanmito. 

HYDRARGYROL. A mercury salt of p* 

plnmi'l sulplionir ai id O—}tHa. 

j HYDRARSAN. A .solutitm of anienie. and 
the lodnh'.s of meniirv and potassium with 
ant ipvrmo. 

HVDRASTINE An alkaloid 

occurring t<ig<'tlier witli Is'rherinc and canadine 
I in tlic i-oof of lli/dr<t.-^tis riiiutfirwiM (Linn.), 

■ Lolden Senl.' to the extent of hIhiuI 15 p.c. 

Its preparation slid physical pnqHTlies aro 
desciils'd liv Ihinind, Amer. .1 I’Jiann. 1851, 
23. 112; I'eriins Pfiarm J. IHIH 1802. |ii.] 3, 
r>t0; .\lahla, Amer .1 .S<i. 30, .57; Power, 
Pharm -I ISHt !ss.">, [ih.| 15, 297; Kijkman, 
Pt'r trav. cliiiu !.SHii, .5. 2!M); Freund nnii Will, 
Ber, !MS0. 19. 2797 ; 1HH7. 29, SS ; Schmidt and 
Willielio, .\i'!i. Plinrni ISHS, 22<», 3211; and 
' KIsa Schmidt (Amer .1. Plmrm. 1919, 01, 
279) 

Pffjyiratinn --llydinstiiH' may b(' isolated 
frrim the molhiu-Iiqiior from winch the Ix^rlxirine 
salt has (Tvstullisi'd (s'c Hkhbkuine). This is 
: largely diluted with water, uml almost neutralised 
w'lili atuiuonia. On (‘vnporatiori. ainrnoniunisul* 
[iliide. re'^ni, Ac.,separate out; these kiTV nunovod, 
and the hydrastliie precipitated from the cold 
i liquid hy nnimoma The coloured precipitate 
IS di«s(tlved in alcohol (Perrins, Power), or ethyl 
acetate (Schnndt and Wilhelm), and the noiuiir- 
jng matter renioveil bv digestion with animal 
charcoal; the alkaloid (’rystallises from the 
euncentrafed sejution. Puritientum of the 
I liydrastine in efTected i>y repeated crystallisation 
: front alcohol. 

j Some auihurn prefer io extract hydrastine 
j from tli# ffiot iK'foro herheriiio, thus, according 
j to Fnmitd and \\'ill, h,vdraMtmu is most readily 
I oblainod by percolating lim-ly fwwdercd hy- 
I <lMiati.s root with ether, and crystallising tne 
I ethereal residue from alcohol. Pllsa Sohmidft 
I onqduys a similar method, using benzene aa the 
I solvent. - 

I Properiiptt. —Colourlewi, rliombio prisms, m.p. 

132". Insoluble in water, rearlily soluble In 
chloroform or benzene; less reaflily so in ether 
or nlcofiol. (ajp in cliloroforrn, —07‘8* (Freund 
land Will); in chlorotorm, —03‘8''; in dty 
I alcohol, — 49 8"; in 50 p.c. alixjhol, -pH®* 

; (Carr and Revnolds, Cfiem. Soc. Trans, 1910, 

I it7, 1334). TIio onlinary saltei of faydrastlne 
! are soluble in water, giving dexf.rorotatoiy 
solutions, bid do not rryatallisc well (c/. Schmim 
and Kerstcin, Arch. Pharm. J890, [iii.] 228, 49), 
Hydrastine and its liydrochloridc, a hygroacoplo 
powder, arc official in the U.S.P. 1910; they 
are chiefly employed for thc*arre«t of uterine 
hfpmnrrhage in doM<‘« of ^ to J grain. Hydraitine 
is p'jAououa^n larger doses. 

fJftfdioTi and cfitimation .—The moat ohano- 
terifllic colour reaction of hydrastine is the pro¬ 
duction of a fluorcHi^enl solution (due to tite 
formation of hydraatinine) by the addition <A 
permanganate to an aqueous solution of ita 
sulphate (c/. I^'ons, Pharm. J. 188581686, fiii.] 
16, 880). For other colour reactions of hydrai- 
tine, see Power, Pharm. J. 1685-1686, [U.] 15, 
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1092 ; Labat, Bull. Hoc. clum. 1909, [iv.] 5, 742, 
745. The aaHay of hydrantis rliizome prescribed 
in the U.S.P. 1910 eon^'ists in the gravimetric 
iwtiniation of the cthfr-Hfjluble alkaloids, which 
should anioujit to rn)t lews than 2 5 p.e. For ; 
oth(‘r methods of asnav. Gordin and Prescott, ! 
Arcli. rimnii, TM, 43!); 1901, 239, G3S : I 
van der Jiimr, I'hann. Weekblad. J91J. 48, 1302. ! 

—'J’he oxidation of liydniHline by 
mine acid yields ojaanio acid and hydrastnune. 

HjO 

IJydrastlno (ijiianlc arid Hvdrastlninc 
'J'iie d(“l(Tniiiialion of its eoiistitiiljon is 
bound up with that of tlieso fissiun-product.'i 
and JH duo mainly to the reseaichc'M of Freund 
and ItoMor. The work, wliidi has bemi reviewed 
by Freund lAnnnlen. 1892, 271. 311). leads to 
the following eoiiHlitulional fni iniil.e : - 
OMo 



I rotatory base identical with canadine, which is 
' therefore /-totrahydroberberiae, Jowett and 
Pyman have found Z-a-canadine methochloride 
in Xaidhotylum hrackyacardhum (Chem. Soc 
Trans. 1913, 103, 293). F. L. P. 

HYDRAULIC CEHENTS t;. Cements. 

HYDRAULIC LIME ». Ceme.vts. 

HYDRAZINES. The name ‘ hydrazine ’ was 
applii'd by Kinil Fischer to the then unknown 
diiirmde JljN NIK, winch lie n'garded as the 
parent HubHtanee of tlio hydrazines, a largo and 
important elasn of bases wbieh had been pre* 
jiared l>y liim and tlie reactions of which showed 
them to jibssesH a structural formula derived 
from ilitimide b\ tlie re[)lacenient of one or two 
fiydrogin atoms liy hydrocarbon radicles, Thi* 
miiiM' was mlcMided to indie..tc the connection 
of tlx'se comjMmmls w’lth the azo and diazo 
(oiiijii.imds and particularly with hydrazoben- 
/.eiie, (‘fllls Nfl Nil CgHj, tlie oldest known 
menilMT of this class, whieli itself may be re¬ 
garded lus a s\mm<-tricallv disubstitutcd hydra¬ 
zine 

Jl IK a))j)arenl that there are live different 


I 

'V X/-.A'h. 

CH, CII, 

HjiirasUne Uydrafttlnlnc 

An optically-iiiactivo stereoisonicridn of j 
hydrostino has been jirepansl Hynthetically 
(Hope and Robinson, Cliem. .Sue, Proc. 1912, ; 
28, 17). 

HydrEsUnine Ci]lfmO;N. is prepnn'd by tii(‘ 
oxidation of hydrastme (Freund iiud Wdl,’ Per. 
1887, 20, 88 ), and Iuih la-en synt liesised by 
Fritzscli (Annalcn, 1895, 2Ht). 18); Deeke'i 
(I). H. P. 23485)0,1911), Riwi'niniiiid (Her. Deut 
phann. Gcs. 1919, 25), 2tK)) i 

It may also be i>re]iareil iroin berbenne I 
(Freund, 1). R P. 2ni3t». 1911) and eotarnrnc | 
(Hyman and Uomfry, Chein Sue. Tnin.s. 1912, 
iol, 1695). Like berbenne (7 r ). the five base 
oecura in two isoinene forms, m mpieous Nolutmn 
ns the quaU'rnary liuiroxuh' .sliown above, aiuf 
in the eohil state as tiio caibinolaimne {if 
Dobbic and Tinkler, them. Sue. Trans. 15K)4. ; 
86 , 1005). It melta at llt;'^~117°, cryslalhse.s 
from light ]>etroleum, and is easily soluble in 
alcohol or other, but ajianngly so in water. 

The hydrochloride, projK'rly liydnistminumi 
chloride, (^nHiiOjNCl, iti official in llio L'.S.J’. 
1910. It melts and doconiposcs at 210", and 
is easily soluble in water, giving a neutral solu¬ 
tion showing a blue fluoroHcenee. It gives no , 
turbidity with ammonia, but sodii/tn hydroxide i 
causes a milky turbidity whicii disajijiears on 
shaking, and, on keeping, the solution depoMt.*- 
free hydrastinino., 

CEOEdim C|oH Orem'S with crude , 

hydrastine (see nl)ove), fro^ which it mt.y be 
isolated by fractional cr\-atallisaVion of the | 
nitrates, toe canadine salt l>eing less soluble. I 
Milky needOee, la.p. 132‘6®, [aljj—598® in chloro- | 
lom (Sflhmidt, Arch. Pharm. 1894, 232, 130). 
On oxidation with iodine it is converted into 
berberine.' By fractional ciy-stalliaation of tetra- 
hydroberboriue d • bromocampborsuiplionate, 
Gadunor {ibid. 1901, 239, 016) isolated a Invo- 


w.iys in wltnh the four hydrogen atoms of 
diamide nia\ lie rejijaced by hvdrocarbon radi¬ 
cles. thuH: ( 1 ) HNH Nl'f,, ‘( 2 ) KKN-NHa, 
(3) HU.N NHH. (4) RRN'yjllU, (5) RRNNRR. 
, but the name hydrazine wo-s formerly only 
apjihed to those deruativos of diamide whicn 
liad the liydroearbon radicle or radicles asym- 
I metrienlly attached to the molecule, that is to 
say, llioHc wlueli are eonHtituted in accordance 
I with forniule ( 1 ) and ( 2 ). 

This wah mainly owing to the fact that the 
compounds couHtitured hh in formula ( 3 ) had 
already lieeu named, as for evarniile hydra- 
zobenzene, Cfills.VH-.VH'l'jHr,. and that no sul- 
Kiiinees of tlie formula’ 4 and 5 had as yet been 
prepaivd. At the prcHcnt time conipounris of 
all live elasses nie known, and therefore tlie name 
liydrazine ih applied to all derivatives of 
diumide. 

Tlie liyili'ocai'bon radicloH forming the hydra- 
/iiK's ma\ belong citb(‘r to the aliphatic or 
aromatic Mories, although the most important 
me in born of tlio group ix'long to the aromatic 
senes, lake the amines, they are divided into 
primary and secondary hydrazines, according 
a.s one or two hvdrocarbon radicles are con¬ 
tained 111 them ; that is to say, the primary 
hydrazines arc constituted os m formula ( 1 ), the 
secondary hydrazmos OvS in formula (2). The 
secondary liydraziues may bo symmetrical or 
A.symmetrieal ns in formula ( 2 ) or ( 3 ) : com* 
poumLs constituted as in formula (4) are tertiary 
hydrazines, whilst quaternary hydrazines have 
, a structure represent^ by formula (5). 

(tcv< ral methodfi of preparation. —The primary 
and secondary hydrazines can be oonsioered as 
being derived trom the primary and secondary 
amines respectively by the replacement of one 
of the hydrogen atoms attached to the nitrogm 
by the primary amino group— 

RNHH RNH NH,. RRNH RRN‘NH| 
These compounds are therefore prepared from 
the primary and sccondarj- amines tnrough the 
agency of nitrous acid. 

Sinoi the primary aromatio mwinAA yield 
diaxonium salts when treated with nitrous ackl, 
theee salts are aluisys intermediate piodaots in 
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the formation of the primary aromatic hydra* 
sinee and are coifVertM into them by the action 
of reducing agents. For general purposes this 
reduction may be effected in one oT two wa\-H— 

(1) By the reduction of the solution of the 
diazonium salt by etannous ohloridi* (^^ Meyer 
and I.iecco, Ber. 1883, 10, 2070)- 

C,Hs N,CIi -tH-f’.lIi NH NH,.H01 

(2) By tr<*ftting tin* diazoniuni salt with 
alkali sulphite, in order to pn>jian' tin* alkali sail 
of the sufphonii' acid, and then hy rediu’ing tins 
with zinc dust ancl acetic acid to fonn tiie alkali 
Sait of the hydraziiu* sulplionic acid^hiis • 

CeHj-NjiSOjK-i 2H - <’,1U-\H NH‘S(),K 


acid. The solution of benxeae>diaionium ohio* 
ride formed in this manner is then treated 
with a solution of 00 grams of stannous 
chloride dissolved in 50 o.c. of concentrated 
hydrochloric acid, the rt'dueing agent being 
c(K>Ied by iiieanK of ice an<l added gradually 
with oonHlunt stirring to the solution of the 
diazoruuin hhU. After Rtanding for one hour* 
tin* ph('nylhvdt'a/in<‘ hydrochloride is filtered at 
tiic pump. di.HmiKod in water and converted into 
1 lie tree base hy tin* iwiditKin of I'xceiss of aqueous 
cauhtic potjunli. 'I'he hlK-rated base is extracted 
witli ctiicr. lined b\ pota-SKiuiu carbonate and 
I ])arilicd by dl^^tlllutlon under diminished 
jtrcs.'sun'. 


Finally, by boiling thin salt willi hydrochloric 
acid to convert it into tiif* hvdrocliloridc of tlic 
hydrazine an<l jKitaSRinin iiydrogcn .sidpiialc 
(E. Fischer, Annalen, 1S77, 1!H), 71 ; llcytlilcr, 
1887, 2(h 24d3) 

• H..() • MCI 

C,IJ;,\\H NII,.Il('l r K11M>4 
Tlicac leadioiiH can only ))c upjilicd to tin* 
aromatic aniincH hecaunc tinisc of the aliphatic 
aencH do not f<jrm dnizonium saltn. 

rnmary aliphatic hydrazines have, ho>\eve.i, 
been prepared by K iMHcher (Ber. 1884 , 2841 , 
Annalen, 1877. ilMl, 281) fioin tin- .symmetrical 
dialkyl ureiw by tniasforming them into tlicir 
nitroso deri\ at i\ cs hj the aid of nitrous acid and 
then by converting the hydra/.inureas, formed 
from these on rcilmUon, into the jinniary 
hydrazmc.H hy the action of fuming ludrochlonc 
acid. 


! (2) f'min (j;u/iar (>// <tid of sodium 

i fifnh. A solution of .V) grains of aniline in 
i 2i inoiccnlcs of hydrocliloni’ acid and 3()0 O.c. 

; of water is diazotiHcil by tla’ addition of the 
I calculated ipianlity of Ktidium nitrite aolution, 
i and I- then im\i*d with a cold concentrated 
I u(picou^4 Koliitjon of 21 moh'culcH of sodium sul> 
])]iitc. 'J'lu* wlioh' iH then g<‘ntiy warmed on the 
water lailli and treated with zinc dust and a 
little acetic ni'jd until colourlcRs, when it is 
iicnU'd to till* hoiUng-point and fiil-cr<:»<i, whilst 
hot. from (lie iincliangi'd zinc. One-thini of its 
xoluinc of conecntrateil hvilnicliloric acid is 
then added to the liot solution and the phenyl* 
hydrazine hylrochlonde, whieh separates on 
eoohng, IS ioniov<‘<l by liltralion and treated 
ill the same mamicr as in tlu' previous prepara¬ 
tion 

h’or till* preparation of jihcnylliydraiine and 
Its dcnvatiNcN from urea and Mubstiluted ureas 


RHN-CO-NIIR.I NOOH ItllN (.'0-X(iNO)K 
RnN Ct)N(Nt))Ui 4JI 

-- KlIX (’OX(MI,)H I HaO 
IlHXCON(NiIs)K-f-li2(J 

-.C’Oj + (Mla)iNIi K-| Mi ll 

Primary hvdrazniCM of the anirnatic senes arc 
also fornieci wlien (*ertuin {liazouniino compounds 
are reduced in alcoholic solution with zinc tiuat 
and acetic acid. Thus diazoaminolicnzcnc 
paasiH in this manner into jihenylhydrarinc 
(E. Fischer, Annalen, 1887, IK), 77). 
C.HeX,Nll{t',H5) + 4H 

= C,lli XU XH, i r,H,xu, 


The secondary hydrazines l>oth of the ano 
matic and aliphatic senes are prejiarcd from the 
corresjionding secondary Riiiines. The amines 
are converted into their nitr<«o llenvativeH by 
the aid of nitroiw acid, which are then trans¬ 
formed into the liydrazine.s by reduction. 
RjNH-+-N()()H .R,XXO-hiI,0 
R,NX()-h4H-R,XXli + H,<> 
Phenylbydrazine CeUsXHXH,, the most 
important member of the hydrazine group, can 
bo prepared by either of the methofls mentioned 
above. 

(1) From aniline hy the aid of sUinwus 
chloride. Ten grams of aniline arc dis8olve<l in 
100 grams of concentrated hydrochloric acid, 
and tne semi-solid mass of aniline hydrochloride 
is then cooled, externally, by means of ice. 
A solution of 10 grams of sodium anitrite 
dissolved in 50 c.c. of water is then gradually 
added until a test portion diluted iftth water 
shows, by moans of starch and potassium 
iodide pftper, the preseneesof ezoess of nitrous 


by the action of alkaline hv}>obroinitos, 

(■]>. Schcutukow, 1). K, P. 104755; Fatontol. 26, 
1800. 

Tertiary aromatic hydrazines of the general 
formula liXH’XRg may ixi prepared by the 
interaction of jS-arylhydroxylammo and mag* 
nesiuni lialogc.n aryl (Huseh and Hobein, Ber. 
MK>7, 40, 2000).* Thuv triphenylhydrazino 
(’ellnXlI XlCflUala ih formed when *phonyl* 
magnesium bromide redacts with )3-phenyl- 
iiydroxylamine. The oorresjionding quatemaiy 
hydrazine tetrajihenylhyrlrazinc 
(CJUl.XXfC.H,), 

has Ixen prej)ured by Chat taway and Ingle 
(Trans. 1805, <17, 1000) by the action of iodine 
on lii<‘ sodium c ompound of diphenylamine, and 
by ^Veian<l and Cambarjan (Ber. 1900, 39, 
1501) by the oxidation of (Uphcnylamine. 

( V.M'tani eomjiounris belonging to th<r group of 
till* dihvdrazinc*H have Ix^cn prepared by V. 
Braun (iier. 1008, 41, 2169; ibid. 2604; 1910, 
1495). and arc recommended as reagente for 
compounds* containing carbonyl oxygen. Thus 
diphenylinctliandimcthyldihydraiine 
[NH,N(CH,)C,H 4 ],CH, 
is prei>ared by condensing methylaoiline with 
formu'dehvde to^givo p-dimetlwldiaminodi- 
phenylmeAane the ai« 

troBo compound of which gives dm dihydsMhia'** 
on reduction with zinc and acetic acid. 

Properties end reactions of the bydnitaiM. 
The primary aromatic hvdnuunes are mono* 
acid bases which form wcu-definedpetaUe eeki 
with both mineral and o^anic aoide. Usilto 
the corresponding alipbatto primaty 
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they do not form flaltfi oonfaininc two equiva- 
lentfl of a inoiio-baHic ncjd, I’/ie Hrcoudary ' 
aromatic hvdrazjnofl arc also mono-acid bones, ; 
buttheirsalls arc parfialiy dccompoHcd by water. ' 
The priiiiniy iiromatic liydrazincs, for c.xamplc 
nhcnylliy<Iru/.inc. kucL Mith metallic sodium 
lorminy a soduan compound from which alk\l 
dcrivHhws can be jirc'jiarcd by the action of 
olkyl lodidcfe— 

(',11 5 -X.\a \ M; H 1 (VH ,-X K XJ1,1 Xa 1 

(rp. Micha«dih, Jb'r iKHti. Hi, llllH; IHST. 2(b 

; also Amiidcii. iHHb, 2b2. 2r)7). The pure 
sodium coinfjound <’aii l)c ]ircpaicd h\' acli/i” on 
Hodaniidc with a ddiil" bcn-/ciic solution (.f 
phcnvl)i\'djazini' (Titli(ilc\', (.'hem. Soc Tians 
I81>7; 7]'. 4tdj 

NaXff.;-i(;lI:;Xll XIH XH, i XH, 

'riic coircs[)ondin;_'; [lotassnim salt nia\ be 
obtaiiH’il as colourioss ihomiur ar\stiiis 

when pheiivlh\di'azin<' is ticalcd \ulh a salu- 
rafed alroliolic sttliiljon of )»otassjuin li\(lioM(lr 
m the abscuM- of aii' {< 'lint ta\\a\. Cbcm Soc. 
Tians. JtM>7. !)}. i;)2<i) 

The priiiiary hydruziiics arc icadily atlcctial 
by oxiiiiHinp ii^.;cnts and aic conHcipicnlly stroiiu 
leducin^’ a>i«'nts, }’)icn\lli>dt.izmi' naliiccs I'ldi- 
litijii’s holution 111 the cold. c\cn m mtv dilute 
Holution. a ivuclmn vUiicii di'-ljn}iuishcs this 
eomjjoujul fiom tlic sci-ondary basi', diplienW- 
hydrazine, wliu h icduccs I'Milinii's sointmii only 
on wanning, (loir the hclun-iour of piuuivi- 
hydraziiie on <.i\idfil ion. > ji hViluu. Aniialcn. 
1878, HKb b7; lS7‘b IHU. 2Si ; I’lvrhrT and 
Ehrhanl, Annalen. Is"!), 1!*!). TH; llidler, 
Her, iHSo. 18, !10 ; J'lim be. ilntl. 1K8.'), IS. "So; 
Stroclie, Momitsli. |:». o2:i; IS!I2. Hh lll'i; 
Muivlev, Her, JSST, 2(). 2<*Ibt ) 

The ori^nnal slatenient l)\ J''iM'lier that the 
oxidation of phcM\lhydiii/ine b\ nieruiiic oxide 
leads to ii jiailnii prodiichoii of the du^vomum 
salt has been itiodilied by ('Imitaxsay (Ciicm Soe. 
'I'lans, bih 270). ulio liiids Ibat dm/onnim 
sails are not produced mIk h tlic action is earned 
out in ulkuline solution but onlx in the jncHence 
of a largo excess of atront’ aeni Azoiniules are 
fonm'd wlu'ii alkali is absent and the Jiydra/mes 
un* pn'siud' in excess The <|Uiiiifit)iliU‘ ton- 
version of ))lttn\ Ihulue/ine mio ben/cnedia- 
zonimn dilorule may bo ctTeited In dissDhini; 
the hytlrazine in glacial acetic acid, comIiiil' tbe 
Holution to alinut 1.*' 1>\ the addition of 

crushed ice and cither b\ pasMiiir in a rapid 
Htri'am of elilorinc oi' (if the dia'/oiiium liromide 
ifl desired) adding the cnleulafed (juantity of 
bromine dissolved in aeetie neiil and similarly 
cooled by ice. 'I'he reaction exidently jiroeei'd.s 
in oeeordanoe with tlu- scheme* , 

(.THj’NH (-'ttHyXCl (.’ells-XCl 

{ -» ! 

U NH II X a X 

(ChattAway, Chem. 8oc, 'I'rans. I'.HIK, Boll). 

The mechanism of the ruction jnvoIvcM in 
the o.xidatioil of phenyl hydra 7 me either by 
oxygen or an o.xulising agent, is explained in 
the following wav (Cliattawiix. Trans. IWS, !.I3. 

270) 

In the first instance, one of the liydrogen 
fttoniB of tbi hydrazino group is attacked and a 
hvdroxvhyUrezino is produced 

’eNH-NIT, ; O-RXH XH(OH) 


ThiH substance, however, not being stable in 
the presence of alkali, undergoes disruption in 
accordance with the Bchcmc 

K-XH R N H 

I “!+!''+! 
ll-XOH H N OH 

tlie splitting olf of the hydrocarbon and water 
occurring lu cither one or two stages. 

If, Imwevei, a very (‘niugclie oxidising agent 
IN Used, a certain number of mole<ule8 may, 


licftiK* breaking down, ii 
o.vi'hition thus :— 

ndorgo a 

further 

XII H 

X JI 


i ■ t 

110X011 on 

~ 1 

X oil 


yielding a [ihcnol and free 

luf rogf'ii. 

111 the 


iibseme ()f alknh, which acts us u catalytic agent 
and iniK li acech'ialcs the decomposition of these 
liulmw hyilia/mes. the intioiluclion of the 
second hvilfowi group takes place to a much 
giealei' e.xteni. ami in the [ueseme of strong acid 
and at a low teiiijiciatlire a dia/.miiuin suit i.s 
formed, thus— 

K Xii j; X’Ci 

IIOX-Dli X 

'I’lie o.xidation of plieiix lliydtazjiie by ba-sic 
metallie oxides liaids to the foMiiation of the 
free metiil Tlie foliuxsiiig proci'.ss is rccom* 
mended for ]iUKliicmg a tilm of riiet,allic copper 
on glass vessels (Clmtlaway. C'liem. Soc. Trans. 
H.IOS. bih 27."); >11 also Ibm. Hoy. ,Soc. 1!K)S, 
A. K(!, SS) One ])art (>1 frcslilx distilled ))henyl- 
liydra/me and 2 paits of watei aic heated until 
a clear Koliition is obtami'd. ulicii it is mi.ved 
with about half its bulk of a warm saturated 
solutmii of cupric li\dio.x'ide in strong ammonia. 
Xitrogi'ii IS freely exolxed (hiring tiie addi¬ 
tion. and the cupric iiydroxidi* is reduced to 
ciiproUH bydroMde, whieli remaiiw disimlved in 
the aminonmcol liquid and does not undergo 
any inimedmte furtiier reduction. A hot 
10 p.e. solution of jiotnssium hydroxide is then 
added until a slight jiornianeni precipitate of 
'cuprous hulroxidi' i.s jirodiict'd. and the clear 
liquid IS (hen cautiously licuted in contact with 
a perfectly clean glass .surface. iMetalhc copper 
IS do]iosited on it in the form of a thin reflecting 
Coherent lanunii. 1\) obtain a tilm of sufficient 
tliickness, it IS b(*Nt not to pour off the warm 
rcMliu'ing fluid but to allow it to remain in 
eoiitacl xvitli tlie glass until cold. When the. 
Iiqiud IS jioiirf'd off, the film of copjM-T should 
l>c wi'll washed with water and ufteiavarda 
with alcohol and ether. It should then bo 
protected by one or two coats of quickly drying 
varnish. 

Wlicn ]jiicnylliydra7.in<‘ is oxidised with 
C()j)p(‘r HulpliaU* or feme chloride, the parent 
hxdrocarbon is formed and the whole of the 
nUrogon is cliniinaU*d in the frei* state (Haller, 
B(“r. 1.S8.7. IS, IK); Zmeke. ibul. 780)— 

C'sH5-XH XH s-f CuSO,4 H,0 

— ('jH j 4 f-hi 4 N14 2H jSOj 

Tlilk reaction can Ik* u.sed ob a means of 
estimatiuc piienvlhydrazino by mcasudng the 
amount oi iiilrogen evolved (Gallinek and V. v. 
Richt<‘r, Bor. 1885, 18. 317" ; Strache, Monatoh. 
1891, 12, 524 ; Stra(fae and Kitt, ihid. 1892, 18 
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510). (For other methods of estliuating h;y'dra- 
zlnoe, rp. l)enig(», ^Ann. {’him. 1895, fvii.] 0, 
301 ; Cauflee, Compt. rpncL 1897, 125. 712, find 
Forater, Cheni. Soc. Trann. 1808. 74, 792.) 

Phejiylhj’drazino also reacts willi hydrogen 
peroxide, yielding benzr'no together with woiiih 
diatobonzeneiinide ; it juon'ovcr aetn an a strong 
reducing agent townnln nitro i-otiiponmls, re 
during them to the (orresponding ammo 
derivatives (llurr. Her 1SH7, 20. 140S). (lor 
the reduction of nitro eonijioumls, <]> also 
W’aller, d. pr. (‘hem. iMOli. [n.] .'ah 4:5:i Hedue 
tion of 1 ; a-dinilroantlinojiarnMi'-. .Si lunidt and 
Gatterrnann, Her. IWX), 20, 2041, l^-dmtjon 
of nitro <lenMiti\es (jf |)hen;intlino|iunone. 
Sehmidt mid Kaiiijif, Hei. 1002. d-*, {{121 
Reduction of h\(ltu.\.\(i/<> eoni}ioniid'-. ttd-lo 
and Hu.veddo, Her lOo.'i. ;w, 27.)2 Ueiluition 
of 5-nilrosalie\ lie aiid. Ihix'ddo. (di/./.. ehiin, 
ital. 19()0. 91),'ll. H7 ) ’j'ln' li\dia/iius icsihI th<- 
action of reilucing agents hnl }iuss on ))iotriu ted 
tn-atinent with /in<' dust ami ludroeliloiie in id 
into aniline and anuiionm (K I Vclier. .\nimleii. 
1887, 230. 24S) - 

Ml N'Mj 1 2H Mi, ; M! ; 

l^rinmrv hytlra/mes \ leld w it h nasi eiil iuImu.s 
ai'id in !(•(' i ohl solidum uustahle nif tovo di ii \a- 
lives which iiuh-i into dm/o jinides and walei. 
when wanned viitli alkali 

.... N 
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The diazoinmle i,-. foinied diteel)^ if tin- aliose 
miction IS larned out at a higher ii nijieia 
ture (I']. Ki.si h<T, .Annalen. 1877. 101). SO, l.'*H. 
1 HI). Hhen\ Ihv diayine \lelds (sodia/ohenzeiie 
Halts witli aiiiNl'nitiite in the on'seiiee ol sodium 
or potas.sinTii etlioxide (Stolle, Her liKtK, 41. 
2811). The T)nmar\ aliphatic fiMlra/.iiic's are 
hygroscopic li(]unls leadil^s solnhle in water 
and wliich tiossess a Miieli* lesemhhng that, of 
animonia. J'hc aromatn primary lijdra/ines 
arc usually solida at tin* otdinury tefriperature. 
They possess a faint aioinalie smell lUiil are only 
Bparingjy Boluble in watiT 

Pheriylhydrazlne (',Ha Nll NH ji when 
freshly distilled in a prai tic aUv r ()lt«iirles.N. Inglilv 
refracting oil which di.stilH under iliinnuslied 
pressure without dec<imjH)Nition, or at 240' 241“ 
(780 ram.) with .slight evolution of ammonia. 
When cooled it sots to a ina.ss of tahular inono- 
clinic erjwtalR which melt at ITo'. .According 
to E. Fischer (Bit. ISK)8. 41. 73). the melting 
point of phcnvlhydrazme is lO'd". after the 
substance has lieen jairillofl first by fraction.i! 
distillation at 15-20 nim., then by solidification 
and removal of the liquid portion, an ojieration 
repeated four times, then by reorystallisation 
from anhydrous ether, and finally by distillation 
under a pressure of 0'5 mni. tor ordinary 
purposes it is sufficient to erystallise the base 
once OT twice from its own volume of pure ether 
and then distil under a pressure of H) 20 mm. 
The base should bo coloured pale yellow and 
should dissolve in 10 timos its volume of a mix* 
ture of 60 p.c. acetic acid (1 i>art) and water 
(9 parts). Phenylhydrazino is rather 
volatile with steain than aniline and rapidly 
becomes brown when exposed to the air. It 
has a sp. gr. of 1*097 at 23“. The baso is 
sparingly siMuble in water but^forms a hydrate 


of the formula 2(C*H»'NH'NHg).H.O which 
melts at 241'’. It is almost insoluble in con* 
centrtted aqueous caustic alkali, but is very 
readily soluble in certain alkaline salta, such as 
the alkali saltH of the sulpliinie and sulphonio 
aciils, Noa|)s, Ac. (Otto. Her. 1894, 27, 2131). 
Kor some time it has bi*en prepHn*d on the 
large N»-iile from ibazotised iiiiiline by the 
Niilpliiti* met hod. ami in usi'd ei>mrnen‘inily for 
the piodieluiM of nntij'vrnie. A:c., and in the 
form of it^ hulplii'tiii acid for the production of 
the so railed tfiituu.ine eolouniig matters. 
Pheiu lh\dra/uie is a Mtluabh* leagent ill organic 
chemistry, owing to tiu' ease with which it 
forms enstallim- eompoiimi» with sulistonees 
eoiitaining caiboiul owg.'ii. dlieHe emiipouiid*. 
w hmli belotiL’ to the ( lass of the liydnizoncB and 
osii/.oiies, aie ile.dt with elHcwhere (■‘ye IlVDRA- 

7,0 ms) 

\\ lien t;ikeii mleinallv ]iheii\Ihydrazine 
acts a.s H \ loh lit jioison, and when brought in 
u'litait with the skin raii.ses painful mflamma- 
tion. ('liemihls who work miieh with tins sub* 
htaiiee u.suallv .sufTer fiom ill health, of wliich 
the nioNl proiimieiil feutiire ik a kind of eczema. 
It ht'cms to loim a deliiiile green eonipouiid with 
tin- blood to will'll the name h<rirnmrdin has 
been given (rp. bewin, Compt. nnul. IfWl, 133, 
59!); Zeit. liiol 1901.42. 107) 

Of till' saltH of plieiniliyilia/me, tlm hydro- 
<hlurid< C^Mj.-Ml'Ml8.‘llCl IS the nioRl im- 
iioitant It enslaliiKCS as eoloutleNS glisUuiing 
(eafji (s which dissolve nadily m hot water but 
sepalate fmm the .solution on I'ooling. It can 
be reeiyNlulliscd fioin alcohol and by careful 
lieuting* can be siibliine<l un<-liang<'<l. Otlier 
ai'otnntie iiydru/.mes of importaneo are- 

Diphcnylhydrazlne (( 

I’ompoiind i.s proilueed bs’ the reduction of 
mtrosodipheiislainine (('ellfJiiN'Nd. which is 
obtained liom dijiheiiylamme by 

the jietmnSif nitrous mid (10. FiHcher, Annalen. 
1877, 190. 174; Staliel, tbid. 1890, 258. 242 j 
Overton, her. 1893, 20. 19). It forms colourless 
plates wliich melt at 34 5 , iiinl is partially do- 
eonqjoNcd on .distillation under diminished 
jircNHure. 'rim hydrazine yielris well-defined 
ei^-stalline compoundH with siigarH and can be 
u.sed for the quantitative cHtiinatum of arabinose 
(XeulK'ig and Wohlgemuth, Bor. J894, 27, 
3109). 

Methylphenylhydrazine 

may be prepared either by tho reduction of tho 
mtroso compound t’ellifCIlylN'XO (E. Fischor, 
Annalen, 1877, 190, 159), or by the alkylation of 
sodium phen\'lhvdni7inc by means of methyl 
iodide (A. Mnfiaehs, Her. 1K8«, 19, 2460; 
Phdli|iH, ibid. J887, 20, 2485) Jt is a colourleaa 
liquid, boiling* With slight decomposition and 
evolution of ammonia at 227“ (746 mm.); 
under a pn^ssure of 75 nini. it Ixiils without 
decomposition at 131'". Methyl^icnylhydraiine 
is a valuable reagent for the isolation of oortain 
ietom '•iVeubcrg, Hei;, 1902, 35, 959). 

Pbenylbenz^lhyilrazlne 

(Ofner, MonaUih. 1904, 25, 593) is prepared by 
tlic direct action of benzyl chloride on phenyf- 
bvdrazine and is a colourless liquid b,tliitff At 
2l6°-218° at 38 mm. It is a useful reueat for 
the isolation of tho sugars, as the bydreconee 
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forraod from it aro soluble and more capily j 
produred than those from Himplor hydrazines I 
\cp. Ruff and Ollendorf, Bcr. 1899, 32, 3255 ; ' 
Lobry do Rruvn, Roc. trav. chim. 15, 97, 
227). 

/oBromophenylhydrazlne HjpN NH CaH^Br 
may be prcpuml by brorninalinp piionylhydra- 
zmo hydrochlondo jii tbo ]jroHonf(* of a liirtfo 
oxcosM of stroiip' hvdfoclilorif acid (Ncufold, 
Anmdori. 1H.8K. 248. 94 ; L. Ma liaciis. Bit. 1893, 
21b 2191). It (Tyslallisos fi'om liot water a^ 
louj; nceillc.s wliii'li iiioll at 107 and is a useful 
rra^o-nt for the oliaractci-jsation of supniis. It 
has boon iiscd for the jiropaiation of liydrazonos 
from oorlaiti naturallv ocoiirnnj' kotonos, as for 
I'xainplo catnplior ('I'li'niann anrl Krn''or. Bci' 
1895, 2H. 175('»; Tioniann. ilud. 2191). 
Phenylhydrazine P'Sutphonic acid 

it* of bistoriral intorost-as boiiu^ the first di-riva- 
live of hvdra/.ino to l>o projiarcd, and was oli- 
tainod from dia/oli.sisl /onmidolicnzoMOHulphoUK- 
acid l)v rodiiction witli sodium liydroycn sulpiiiK' 
(StrcckiT and Hoinor. Bor. 1871, 4.781; Jtoiiicr, 
Zcitsch Cbmi 1871,482) It may lio pn'parod t)y 
tbo ditocl-Hidplionatioij of plionx lliwlrazim* and 
wiion pure orvstalliHOH as ylistoninn iiooillos enn- 
lainmn 4 niolooido of water of oiystalliKatioil. 
lli IS pro[iarod on the laii:o ncalo from psul- 
piianilio (U’ld by dia/.otisalion and rodtution 
with Hodinin Hulplnle, ami is used for tlio pio. 
duetion of Dio taitiazinc oolounnu mattci's 

p-Nitrophenylhydrazine 

This Hub.staiico is n'comim'iidod 1)\ Bamborj'i’i 
(Bit. IKlIl), 32, 180(1) for tlio iii\'osti;;ation of 
aldehydes and ki'lones as betn^ nioioslablo thiin 
p-brornophenylliydraziiio It i,s prepareil fi’om 
the Kudiinn salt of /miiI iopiieii\l)i,\dra/ineNn]- 
phonic acid by the action of I'oneentrafed 
liydiwhloric acid (Pm^otti, Ber.« 1802, 25 
liO; Bambor^'er and StiTtiitzki, ihul 2ii, 130(1). 
and also bv bodnut the pola.ssiijni salt of p- 
lutrophenylliydrazmedisulphonir acid miIIi ddulo 
hydroehlorir rokI (Jlantzscli and Bor>;tians. Bor 
1807, 30. 01). Jt may oBo be prepared from 
n-mtnvniiine by iliazotisation and r(‘dm'tnhi. 
The base forms oranm* red li’ailcts and needles 
from hot alorthol, whioh molt with doroiiijiosition 
at 157". (For tlie ii.se of tins base in tlie ^irt'para- 
lion of hytlra/.one.H of Die aldehydes andivOtones, 
cp. Batnberfier, Bor. 1800. 32. 1800; Hyde, 
ibid. 1810.) 

The naphthylhydrazlnes. Both the a- and 
^•naphtliylliydrazines eaii be used for the 
pix'paration of hvdrazones from com[K.iund.s con¬ 
taining cnrbonvi oxygen, but the /8- compound 
is espeeittlly reeommended by Hilger and Rot hen- 
fusser (Bor. liK)2, 35, 2027)* for the isolation of 
imincroua sugars. 'The twt> ba.ses arc prepanal 
in a similar manner from the eorre.s])ondmg 
diazonophthalenos on n'dm’tion with stannous 
chloride, or by lieating the naphthel witli 
hydrazine hydrate at 100' (Hbnmann, Ber. 
1^8, 31, 2iK)9). o-Xaplithvlhydrazine forms 
leaflets frx)m ip'ater whieli melt ai 116“-117‘’ and 
boil almost without decomposition at 203^ 
(W mm.) (Knorr, Ber. 1884. 17, 651). /3- 
Naphth^lhydrazine forms ghsteniitg leaflets 
from water which melt at 124®-125‘’ (cp. also 
Fraioen, Bor. 1905, 38, 266). 


Hydrazine and some op its DsBXyiTZTSs 
USED AS Reagents bob the Isolation 
OF Aldehydes and Ketones. 

Hydrazine H 2 N*NH 2 . This substance was 
first prepared by Curtins by the action of hot 
dilute acids on triazoaectic acid (Bor. 1887, 20, 
1032). It has since been obtained by other 
methods of wljich tlie more important are 

(1) from aminogunnnline HjN'C(NH)NH*NHj 
on treatment with caustic alkali (Thiele, 
Annalen, 270. 1), (2) From sodium hypo- 

cldontc and ammunm (Rasehig, i). R. PP, 
1027H3. 108307 ; ('hem. Zentr. 19(38,1.427,1957). 
This prir.-es.s eoasists in licating the hypochlorite 
Hdlution with <‘\ce.s.s of ammonia, when the 
moiiochlor.nmne first formed reacts with the 
ammuiiia (o form liydrazinc: on boiling off 
the <'\ce,ss of ammonia and neutralising with 
siilphiinc a<'id Die sjmnngly soluble hydrazine 
Kuljihate crystallises out. 

(1) Ml.-f-NaDCi -Mr/’l+NaOH 

(2) 3.\H„('H-2NH, N24^,3XIl4Cl 

(3) N1I/:M NH-i .N^H^lICl 

li> draziiir liydrorliloride. 

By lidding eanc sugar, dextrin, starch, glycerol, 
gelatin, albiiium, to the solution so as to 
increase i{.s viscosity reaction (2) is retarded 
and llu' yield of Die liydrazine salt according 
to ciiiiation (3) is gnuvtly increased (Eng. 
Pat. 30, 1008) (3) From dichlorocarbamidc 

((’hatliiway, ('iiem. .Soc. Trans 1000, 95, 237). 
^'I’iie Jast iianied jirejiarution is carried out in 
th(’ following way 

Dichlorocarbamide MK-TCO XH(.3 (Chat- 
taway, ('hi'in. Soc Trans ]‘K)0, 05, 465). Six 
' grams of carbaniiih' are dissolved m 50 r.e. of 
I <ijstilli‘d ttiiti'i’ and 10 grams of finely divided 
zinc oxide are added. The mixture is cooled to 
ahout —5^^ in a freezing mi.xture and a rapid 
.sln'iini of chlonne pas.sed through the liquid. 

J If the fipcraLion is carried out m a small flaek, 
nntl tins is well sliaken in tlic freezing mixturo 
during the ^iiwsage of tlie gas, the temperature 
1 doi's not rise above zero. The zine oxide quickly 
disHolvcH and a clear li<(Uid roauItH, from whicn 
in a sliort time crystals of dichlorocarbamide 
begin to .separate, When the liquid has become 
a tbu'k puljifrom Liu* sejiaruUnl solid and crystalB 
no longer ajipi'ar to .s<‘parato, the dichloro- 
carbamide i.s rapidly eolleitcd at the pump, 
w'a.shed twice with 5 e.e. of lec-cold distilled 
water and then seviTuI time.s with chloroform, 
j The vK'ld is 7T‘5 p.c. of the tlieory. 

p-Urazlne. 'J’hi.s substance is formed by 
tlic elimination of hydrogen chloride from two 
molecules of monocliloroearbamide, which may 
! be regarded as the initial product formed by th© 

: action of ammonia on diolilorocarbamido— 

' CIHN-^'"^ 

P'Unzlne 

; the condensation is therefore effected by th© 

, action of ammonia (Chattaway, Cliem. Soe. 
Trans. 1909, 95, 237). Oude dichlorocarbamid© 

! frcif from all adhering motherdiquor is diasolTad 
I in from 10 to 20 times iu weight of water aad 
: rapidl(' added to excess of strong ammonia, the 
I mixture being thoroughly stizred. A Tigorov 
! evolution of uit^,)gon takes plao© and a white 
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or 7 «tftiliM powdw separates; a little more I 
orpstaniMS out oh keeping, and a still further | 
small quantity on evaporating the mother-liquor i 
after neutralising with bydrtx’hloric acid. 

Hydrazine sulphate. Wiicn 7 >-urazine is 
mixed with about 5 times its weight of conc'en- 
trated sulphuric acid and warme<l to ahnut 
it diteolves apparently withtuit change; on 
heating the solution to about !)•'> -UMJ'. liylro- 
lysis slowly takes place with evolution of carlion 
(liojude. On raising the U'mjvcralun* still 
higher, the rate of evolution of <iirl)on dioxide 
increases, until, at about 120 -130’, it is vorv 
rapidly liberated; at tins toni]HTat#rc, hydro¬ 
lysis IH soon eonipIcU* and a clear colourless 
liquid is obtained which dcjiositH crvHtals of 
hydrazine suliilmie on cooling. 1( is best, 
however, to add to the coolc«l iniuor its own 
bulk of water, when jmre hydra/inc sulpliato at 
once separates as a white crystal line powder. 

Free liyilrazinc lias b(K‘n jirejxired In I.,(*bry 
do Bruyii (Bor. 180o, 27. 308o) by the action of 
sodium inethoxule in metiivl akohoi on hydra¬ 
zine hydrochlori(h‘. and also by heating tlie hy¬ 
drate NjUj.fUO with barium o.xide at 100^. 
It is a very staliii* liijuiti whicli lioilh without 
decomposition at I13'*V (7()1 mm.), ami at 
(71 mrn.), It solidifies when (ooled below' 0-’. 
and then melts at I -1 It luw a sp gr of 
at 23® (cp. Baschig. Ber Ibid, 13, 15)27). 

Hydrazine hydrate is the form in 

wliich hydrazine is liberated fioiii its salts bv 
the action of tH|ueous alkalis. It is a strongfv 
refracting, almost odourh'ss Iii|iiid. which boils 
without ciocomposition at llH.T (73!)‘.'> mm.) 
and solidifies w-hcii placed in a inixliire of solid 
carbon dioxide and ctlim', but melts again U'low 
—40®. It IS adMsabh' when preparing this 
Bubstance to employ a silver retort and to avonl 
the use of rubb<T eoniualions, as the hydrate, 
when hot, attacks g]us.s strongly and (quickly 
doetrovH cork and rulibt'r. 

Semlcftrbazlde HjjN (’(i’XH Nli^. This sub¬ 
stance was first used for the preparation of 
derivatives of ketones by Biwyer acting on the 
BUggestion of Tliiele (Ber. 1S5)4. 27. 191S), the 
compound having been jirejiared earlier in flU' 
year by Thiele and .Slange (licr. 1894. 27. 31 ; 
Annalen, 185)4, 283, 19). who obtained it by the 
action of ixitaasiutn cyanale on hyilraziiie sul- 

f bate, and by (’urtius and Ueidenreicli (Bor. 

894, 27, 50), who prepared it by tiic inter¬ 
action of hydrazine hyarate and nrea. Semi- 
oarb&zido may be eonvenientlc prepared in the 
following way; 225 grams of nitrourea in 1700 e.f. 
of concentrated liydrochloric acid ore mixed at 
0® with exccBH of zinc dust and are then left for 
a short time afterall action ha« subsided The 
filtered solution, after being saturated with 
sodium chloride, is treated with 200 grams of 
sodium acetate and 100 grams of acetone. The 
aoetonesenucorbazone zinc chloride, which 


forming semioarbazonss which poMssses ibe ad¬ 
vantage of lx)ing readily decomposed into Uieir 
components on treatment witn dilute acids. 
The method recommended by Baeysr (Ber. 
l8fM, 27, 1018) for the preparation of a semi- 
carbazono is as follows : 

Semicarbazide hydriichloride is dissolved in 
a little water and the ixujuisito amount of alco¬ 
holic potaa-siuin acetate* Uigelher with the ketone 
are ailded, ils wi‘11 as sutlicient alcohol and 
wab*r t<i ctTecf c()tn[»lcl^* siilution. The length 
of time iO(|utrcd for the reaction (ioperds on 
tlu! nature of the ketone and vanea from a few 
minuU'.s to 4-5 day'll; it is fimshed when the 
adflition of w’aU^r iinnipifales a crvatollino solid. 
Si'TiiicarbazKle is u.>*ually met’ witli in the form 
of it.s hvdroehloi'idi!. The free boMO slowly 
altcrx on keejung. 

Thiosemicarbazide NH,(5SNUNK,. Thin 
sul»slance, like HcmicarlNizide, reacts with com- 
jiounds eontaimng earbonyl oxygon in oooor- 
ilanoc with the eciuation-- 

lI,N(‘SNllN:Cll,-fU,0 

forming tliiosemicarbazonos. which posHcss the 
pra{S‘rty of forming insolublo salts with the 
liouvy metals from winch the ketoiio or aldehyde 
ran Im> readily rogoncraU’d (Neuborg and 
N'cimann, Her. 1902. 2049). 

Tlie basi* can lie jirejiared from hydrazine 
sulphate in tlie following manner (Kround and 
iSehaiuler, Ber. IH90, 29. 2rK)l ; freund and 
lingart, ilnd. 189.5, 28, 948); 50 grams of 
iiydruzme siilpiiate and 27 grains of anhydrous 
potiiMsium (;arl>onat<- an* dissolved in 200 o.o. of 
water and ini.xed with 40 grams potOHsium tliio- 
cyunate. The mi-vturcis boihal for some minutes 
and is llien treaU^d with 2t>0-3(K) c.c. of hot 
nieohol and filUu'ed. The filtrate is freed from 
ale<ihol Iw vigorously boiling and, when cooled, 
dep<i«iiH Tong needles of the base which melt 
at 181'. 

Senloxamazide NH NH. (Kerp 

and linger, Ber. 1897, 30. 580). This suMtanoe 
may lx* pntpanxl by gently heating oxamethane 
With un alcoholic Hoiution of hydrazine for a 
short time on the water bath. It crystalliiMS in 
slender iustrous leaflets wliich melt and deoom- 
, pose at 220®-221®. Seinioxaraazones arc pro* 
i duced in quantitative yield from aldehydes, but 
, the ketones react in a less general manner and 
I sfxjm to riMpiin* special conditions for their 
j formation. 

Amlnoguanldlne H|N‘C(NU)NH'NH| is 
' prcparc'd fr(.>m nitroguanidine on redaction 
■ (Thiele. Annalen, 270, 23 ; D. R. K 59241 ; 

; Frdi. hi. 10)^ And from cyanamide, bvdncine 
I hydrochloride and alcohol (PeUizari ana Ounao, 
I Gazz. chim. ital. 1894, 24, 453). The hydro- 
I chloride forms long prisms frop dilute afoohol 
i which melt at 163®. 


separates after some time, is washed with salt | base is recommended by Baeyer (Bar, 

solution and decomposed by strong ammonia I 894 , 27, I91t) for the prepaiation of d^vatives 
(350 c.c. to 200 grama of the comjKiuud) (Thiele j of ketones, the following method being usetL 
and Heuser, Annalen, 1895, 288, 312). | Aminoguanidine hydrochloridfe is disMlved 

Semicarbazide c^tallises from absolute ; iq a little water containing a trace of hydro- 
alcohol as prisms which melt at 96®. It reAlily ! chloric acid and is then mixed with the kotoBO 
reacts with substances containing <^rbonyl | together with sufiicief^ alcohoi to effeog scdutloB. 
oxygen, in accordance with the scheme | The reaction is finished after wutaing lor a short 

H^*00’NH*NH|+0CBj ' time on the water bath, when water and oaortia 

: CR|+H|0 potash solution are added and the base is 
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(•xtracU‘»l by ftlior. Tlio oil which remainH 
ftftor cvapnrafin^' the ether in suMpended in hot 
water and heated wjtlj an atjueouH solution of 
picric n<ifl. The picratc weparatOB as a crystal- 
l/no prrcifatate which jh recryKtalliHod either 
from diiiifc or abs(jlute alcohol, according' to its 
fioliilalitv. d. F. T. 

HYDFAZOBENZENE Fripared by re- 
diicin;' nitMiben/ene in liot. ulknhne Holution 
With /iiic dust or iron in ]>n-Hcnce of alcohol 
(»r Nolvt'iit nnphtliji, May also he olilmncd by 
electrr)i\siH : in ji 127 (harnisfadtcr, I). H. J' 
JHll Mb lH9:n2) 

HYDRAZONES Snbstaneen containing' the 

<’onip!c\ ' N \1!., rca< ( with thos«- eonipoiinils 
wliK'h lniV(‘jn llicir niolcciih- an o\\;.'cn ntoni 
doiibiy bound (o carbon. foiinin(.' i oiideiisaf ion 
pnalucts in accoid.UM c u it li t lie yi-neial <-{nmtion 

'>r .0-1 ll^N N (', N X-; ; 11^0. 

Such I’ondcnsalnui jiiodints arc leiincd hvdia- 
7.oncK. Only till' «aib<in\! ctnnjjoiuids wliicli 
bclonc to the j.ooiips of flic a|rlch\<les uiid 
kctoiicM react in tins inanncr: tli<' (ait>o\ylic 
acids eonlainin^ the uroiiji ('Ot)H do not 

l•eH'■f a'- if they emitaiiied eaihonvl o.\yf/<'n, 
blit jiiNe iiydia/ndes ni aeiordanee with the 
seluMiie 

ifcooii i 11 ,N X li CO xn 1 \\J). 

One or nior<‘ e.irlionyl- unnips piesent in the ; 
eoinnontid may enter into (omhinalioti NMth [ 
the iiydru/ine residue, iotmino for esaiiipie, in 
the ciiKc of the dieaibony I ileriv ali\e- dihy dni- 
zones, thus 

- CO C N 

- CO C N N 

Those ddiydra/Miies. ulneli iik' deiiveil ftoni 
(licjirhonyl <‘om|H)iimis liavnu; the two earbonyl- 
^M'ou|>H on eontt^nmus cuilion atoms, an leimVd 
osuzones, Tims in tin* ease of the tsvo com¬ 
pounds formed from pdyoxal CHO'CllU and 

phenylhydnizinf' 

C'HO 

[ is uIvtiNalnhi'iivlludrazoiiu. 

ClliXXHC.H, • i . . 

CH ; X XHCfiHj, 

is ^;l\o.xahiiH'iulosnznne 

(TI ; N-XllCflll., 

(FiBchev. Her. ISSS. 21. hHo). 

Thetulludruziiie (’,11^ XJl XH. was llie 
lirat niemlaT of the i lass of the hydrazines to be 
apjihed to the ehuraeteiisation and isolation of 
the earbonvl compounds (comp K. Fisclior, Jicr. 
18H4, 17, 572). but snua- that time the reaction 
lifts been shown to Is' n gi-nerai one tor all 
(h'nvatives td hydrn/.iue having a jinniary 
aminu group intact . 

Hydrazine HjiN XJij itself txacls with 
aldehydes and ketoni's, ns Curtiua has shown, 
forming either hydrozones of the tyjK* ,, 
UCHiXXH, " 

(or RRC ; N'XHj), in whn h one molecule of the 
carbonyl eoniubund roiK U. or azincs of the for- 
niulft R CH : N N : CJIK (or KRC i X X CRR). 
in which J.wo molecult'ti of the c&rbonyl deriva¬ 
tive take part. The azincs fiuiu Lho ^dehydee 
are known aa aldazinee, tlK*ae from the ketonea 
af ketaainee. In the lUiphatic aerios, tiic alde¬ 


hydes pass directly into the aldazines when 
treated with hydrazine, whilst the hydrazones, 
HHCiN'NHj, which can be isolatecl from the 
roduct of the interaction of ketones and 
yrlrazine, rt'adily pass into the ketazine and 
hydrazine in aeconlanee with the equation 
2(1{,C : X XH,} KX : X'N-Ra+HaN-NHa 
It IS a])pan'nt that azino formation in the 
inaniM‘ 1 ' des( ii))C(l above cannot occur with the 
HiibRliluLcd <lcri\a(ivcs of liydrazine of the 
gciHTal formuhe RXHXllj and R.jN’NHj, 
and it is llicrcfon* compounds oi this type whicli 
arc of siiclugicat importance as rcagentH for the 
jiicparat ion of the )iy<lrazoncs, osazoncs, and 
M'lnn ai bazoiics 

Constitution of the hydrazones. The con- 

slitiitioii of liic India/.oiics formed from car¬ 
bonyl coinjidiincLs liy tlie action of .Secondary 
iu-yninicinc hydrazines I'^X XH,, adinitH of 
only one iormula, nam<-ly, lUX'X : (.'R;^; but 
Ihc liydiaztmc.s formc({ from tlie primary 
hy<lia/.iiu‘s nia\ coiicenably be I'on.stitutcd in 
aiI'onlanci' wilii one oi other of tlie tbrcc forniH 

(I) Will! (2) 

Of these, foi'iiiula (2) may la* ili.scarcled, 
because tlie same compound is formed by the 
inlei'iiction ot lauiziildeliyde iiml phcnylcthyl- 
liydrazme 

C^l^'CllO i II. X X(C,H,)Cnll-, 

C«H.-FH :X X(CjHa)C,Hs 
as by the ethylatmii. by means of staliiim <‘th- 
oxide ami elliyl iodide, of tlic liydi'uzonc fornu'd 
bv tiic tauideiisat ion of bi’ii/aldcliydc and 
plictivliiydrazine 
(;«ils-Cl‘lO + H,N-XH C„ll, 

( „ 11 ,('H iXXHXJI* 
CBH,CH:XXH'(TH,-hXaOCallr. 

CHllr,('II :N NXaCslls-f-llO-CjUj 
OoH,-CH iX*XXirC,Hr.-br„H-.l 

- CjIs’Cll : XXX(Ci.Il5)CoH£;-hNaI 
The azo hji'inula (3) would appear, at first 
sight, to be untenable, because tlic hydrazono 
prepared from jilienylhvdruzine and acetaldc- 
liydi' IS dilTercnt from etlium'azobenzcnc 

Cll^ t'Ha'X : X-CgH:, 

whicli is prepared by the oxidation of ethane- 
liy^lrazobcnzcnc. It lia-s bei'n showm, however, 
tiiat tluTC IS an intimate connection bi*tweeti 
lhc.se two .substances, unrl that the change 
t'«Iir;N : X (',H, (’aH^ XH-X ; CHCH 3 

IS iradily elTected by imneral acids (Fischer, 
Aiiiiulen. 1879. 199. 328; Her. 1800, 29, 703), 
or by sodium cthoxidi* (Ihiruberger, Rcr. 1903, 
31), 5t)}; whereas the reverse change 
t’,Il, XH N : CHCH, ^ CeH^ N : N CH,CH, 

IS tficcled bv the action of light (Chattaway, 
('kcm. Soc Trans. 190t). 89. 4b2). The question 
os to the azo or hydrozonc structure of- those 
compounds has given rise to a great deal of 
controversy, and is even at the present time 
not definitely Bclilcd. The discuBsion may be 
said to have arisen owing to tho discoveiy made 
by Japp and Klingemann (Her. 1887, 20, 3284, 
3396), ^at the liydrazone of pyruvic acid 
CdIjNIl N: C(CH,)<X),H 
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WM identical with fa#nzeue*a-a7.opTupionic acid 
C*H*N : N CH(CH,)CO.H. R. Meyer {Her. 1888, 
21 , Il 8 ) aUo showed that the dicarboxylio 
acid obtained by the hydrolyHis of the ethyl salt 
which is formed by the interaction of bcnzonc- 
diazonium chloride and ethyl inalonnte, tlnin : 
C,H,N,Ci + CH,((0,R), 

-t'.H. X : . IK'l 

C,H,*N : L>IKn 

N : N ('H((’0,H), - 2K OH 
was idciiticnl with tlie eonipoiiiKl prcpareil lt\- 
the condensation of nn soxalu' m nl and iiti«‘n\l- 
hydrazine, thun ; • 

C.Hj-NH NHj rCO(0()Ji}^ 

Nil N .t'(('Oj|l), ; 11,0 
That is to nay, the ijnention arose as to wiietln'r 
theac compounds wc're trii<‘ li\dra/orn's ha\ iiij^ 
the Btructure oj whctlier tlie\ 

were uzo e«)inr>oim(ls lia\ine the slrintuie 

R N 

Since tliat time ninny other inslatues of the 
name kind a^i tliat leeorded l)\ these elienu'ts 
have been investigated, and rejK'iited atfeiii|its 
have been matle to e-t.iltlish wtlier one or other 
of thewc constiltilioiial foriiin),i foi the h\dra- 
zonea (R. Meyer. Jh-r iHtH. I.M. ILMI , '.Iap|i 
and Klmp’iiiann. Annaleii. issh. 247, J!M), 
V. Meyer. Her. iHhH. 21. 11 , Haller, ('(jiiijit 
roml. 18S8. Itin, ilT!!; lh'\eran«I Claisen. Her 
18112, 25, 74d 1 V, I'ei liiiiann, iter JK'.i2, 2o, 
JIHH) ; Jiamberuci and U’iiee]wii^lit, IHd2. 
25,3201; Raniber;:<'r. 18!)4. 27. 25!M ), 

Much of l}i(‘ eMdeiK'e falls un<ler the head of 
the (‘on-stitulmn of file a/o compounds^ and the 
article undtu tins he«i<.lin^ should be i'onsult('d 
for furtlier Jiifoniiation ; but it is f'Mdent that 
much htill icniains to 1 m' learnt ir-yardniy the 
conditions eontrollm^r the temlem v of a liwlro- 
gen atom ntlai iied to tJie tennmal atom o! any 
sysUim Mueh as 


HN-N:N HC-C'iO HO \ : N HoCiO 

f 1 ' i 

R, R* Rg K, 

to {jasa to the other terminal atom with a 
conscfiuent shifting of the double bond, tlius : 


Ii. R, 

R Rj 

R. R, 

H. 

1 1 

N : X XH 

i 1 

C:CCH 

1 1 

C : X XjI 

1 

( ' • C'Oil 


I i 

H, R* 

1 

Ii. 

R. 


The evidence at jircsenl available Huenis to 
show that the iiydrogen atom in compoundH of 
this tyj>e may aasumc either one or other tif 
these positions, in which case dehnile com|Kminis 
arc formed, having, as in the cone under dis¬ 
cussion, either the azo or hydrazone form : on 
the other hand, there may bo tautorncriam 
between the two forms, m which case the hydro¬ 
gen atom acts as if it vibrated bf'iween the two 
terminal atoms of the systiun (cf. Rulow and 
Hopfner, Ber. 1901, 34, 71; Biilow and Hailer, 
*6id 1902, 35, 916). There is, however, little 
doubt that in the majority of cases the cem- 
pounds formed from benzenediazonium chloride 
and Bubetancos of the type of etfairl xnalonatc as 
wall as those produced oy the acuon of phenyb 


hydrazine on carbonyl compounds have the 
hydrazone structure. 

The formation of phenylbydnsoDet. As a 

rule, plienylhydmzinc nwlily reacts with ketones 
and aldehydes, yielding nhcnylhydrazones, 
which are crystalline and of delinite melting* 
point. The following method generally gives tho 
)henylliyilni 7 one in ii iiurv condition. Phenyl* 
lytlra/ine ih dLs-ioh imI in .'»(> pc. aqueous aetdiu 
acid and dilutiMl with three tiiiU'f* it.s v<ilume of 
water. The carhonvl compound tliiuU-il when 
uecf'.-Kiiiy l)\ a suituliie hol\enf is lluui ad<led 
ami the whole ih watmed 'J'he pheinUiyilra- 
/oiH" ttifui separatcH eiflicr in lltc <‘rystalliiie con¬ 
dition or i\-i an oil wim h UMually cryMtalliscs 
when uralched with a glasn rod. 

l)eii\ali\es of p)ieii\lh\dni/.iiu', Audi os 
plu'n\ I]i\ drazim'-/! .sulphoiiic acid 
(’,H.(,S(i,II)XH M!j 

]} nitr.(}ilien\lli\drii/mc (\fl 4 (X()^)NHXH| 
or yebroimqihcnv Ih \ dia/.im' 

(;n',fKr)XH XH, 

may be used for tic- piTiduction of hvalrazoiies ; 
moi'eo\er other livdt'ii/incH. Hm h uk /5 naphlliyl- 
h\dni/iiie t',JlyXH Ml,. mi'tliylphenyl- 
hvdra/itie ('flH.,((’H ,)X XHj, //-i/wj-dlphenyl- 
hydra/me (baMi)jNNilj. and tietizyliihcnyl* 
)i_\dra/.me ( gH f,'( 'H a(('*11 ,lN'Ml ^ arc o(U*n 
used fortius pun)Ose{f/* IlYUilAr.lN'l’.S). 

Reaction of the hydrazones. \Mion wanned 
.with mineral acidn, the hydrazom-H an* more or 
less reaflilv hydinlssed into (he carbonyl com¬ 
pound and the iis'drazine 'i'his r(‘(U'ii<)n pro* 
••ei'd-. however, much mure reailily wiien tlio 
liydia/.rine ih warmed witli an inpieous solution 
ol pynnjc acid, when tlu' following maetioii 
often oeeiirs (ITsehttf umi Ach, Annaleii, 1889. 
253. 57) 

RjjC . X XH-('*II,4 ('ili'CO t'OjH 

i ('11.1 •('( iX'XH'C.HfJOO.H 
'I'lie liydra'/om-M of the nliijliatic al<leliy<bf< 
and kf'toiieH form addition prodiK'lH with hydro* 
evanic at ul, yicltling nitrilcK in acconlanco with 
the (‘ijuatioii 

(’eH*, XH X : ('K,-t-H(*X 

--r,H,XHXH-C(CN)U» 

{‘■p. \', Miller and PIdchi, Rer. 1802, 25, 2023). 

Hydrazones wlieii reduced break at tho 
[loint of union of thr- two nitrogen atoms and 
jjiLss into ninuK'H. Thin method has Ikhui inorhi 
use of by Tafel (Ber. J 8 H(i. 19. 1924 ; 1889, 22, 
1854) for the formalion of nrimury arnines from 
aldehych'H and ketorwa. Thui* the hydrazone 
of acetaldehyde yields in ihia manner a mixture 
of aniline and etbylariune 
CHa CH :X XH C*H,^4H 

=.CH,CH,XH,-pr*HBNH, 
When oxuliscd by amyl nitrite, hydrazones are 
converted into hydruletrazineH (V. Pechmanzi, 
Ber. 18'.‘:>,»2(1, 1(^45). 

, C.Hj CH : X C*H, CH : N N : CH C,H, 

2 ! -> t 1 

C 4 H 5 XH C,HtNN-t,Hs 

These compounds disaolve in concentrated 
i sulphuric acid, forming intciwoly cokiored 
I solutions. It is probable that BuIow'b reaction 
for hydrazidcs and hydrazones, which depeodi 
on the formation of a coloured solution, whn 
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the hydrazonc. disftdlvwl in concontratod buI- I 
phuric acid, in trcat^'d with a drop of ferric | 
chloride NoliitHJii, jh due to the production of the 
liydrol^'truzjiic. 

The uclion of /.me elilorule oil hydrazones 
cauncH the clinimation of nnimnnia and leads to 
llie fornmtu)!! of derivatives of inilole (E. 
FiHi'her and Hcks, Ber. 1K84, 17, ; E. 

EiHcher, zhul IHKI). lii, IGdlJ; Annalen, IKK<», 
23h, 110; Jtnirniei', .M(;natsh. iHOo. ]0, 183, 810). 

The reaction may he expressed by the 
followmj^ ^{cTierai eiiuation, Init is ddlieult to 
follow by iiH'iin.s of structural formulie :— 

CFl^ (Tl 

/ 

(',H, C- Cllj 

'■ / 

.Ml 

This react ion has been made use of by Ewins 
(UIkmii Soo. d'rans. Ibll, IM). 270) for the 
pn-paratioii of 3-^-aniinoctbyliiulole, thus - 

(Vf/-Ml ClUCHsCIKMI,. 

I ■ ‘ ‘ 

('ii(0(;,ii.). 

CC'lljt'II.XM. 

/ 

d Ml 3 |- 2 ('oH ,011 
XU 

This compound was found to be identical 
with tlio«baH(‘ obtained by the action of putre- 
fftctivo bacteria on Iryplojilmn It will be 
noticed tliat, owin^ to the uiistalile charuetor of 
the aldeh,\de, it uuihl not be used in the free 
state for the nroduction of tlie liydra/oni' and 
that the acetal (h'rivntue was used in its place, 
Hydrazones wliieh an' foi^iied from tf-ketonic 
ethvi Balts jiass, when healed, into iileoiiol and a 
denvfttivi' of iiynizolone. 'J’hus the phi'iiyl- 
hydrazone of ethyl aeel.oaeetate.''' wliieli is a 
colotirlcHH crystalline substance and is therefore 
proliably ethyl U.>n7,eneiiyduiziKTotonate formed 
in accordance with the equation 
C,H,C0,CHj 

1 -f HjN-XU-CelU 

rjll^t’O^Clla 

I 

{’Hs'(,'(Oll)NII'.\HC,Hi 

C,llsCO,'C’H 

II 

CU, t' NH XU C.H, 


passes when heated at 200^ under djininislK'd 
pressure into phonylmethylpyrasolone 


co-cu ■ CO—CH 

C,H,-N:H I 'j II 

\N’a—C-C'Hj NH—C-OH, 


In many casw the formation of the pyrazo¬ 
lone derivative lakes place imirediatAy without 
the intermediate formation of Vhe hydrazone. 

SterooiBonierisrn, in accordance with the 
Hantzach-\\emer hypothesis, has been obeeired 
among Uie hydrazones, and in certain instances 
the two forms 

R_C_H R—C—H 

fl and li 


N—NHR 


have been isolated {ep. R Fischer, Ber. 18S4, J. 
17, 57.5 ; Biltz, ibid. 1894,^288 ; Hantzsch and 
HornbosUd, ibid. 1897, 30, 3003; Bamberger 
and Schmidt, ibid. 1901, 34, 2001). 

As already mentioned, the name ‘ oeazone ’ 
demites a (^omjiouiid containing in ita molecule 
Iw’i) hydrazine re.sidues, R —NH — N=, attached 
to two contiguou.s carbon atoms. E. Fischer 
{Her. 1884, 17, 570) obtained from carbohydrates 
u sci'H'.s of ehuractcnstjc coinpouiids formed by 
llie introduction of two jilienylhydrazono groups 
into tlie molecule of a carbohydrate. The com¬ 
pound from dextrose was termed ‘ phenyl 
gluco.si<t,oiie ' ; that from galactose ‘ phenyl- 
giilaclosazoae,' and .*^0 on. Later, when it was 
found that in these compounds the two phenyl- 
hydrazine residue's were m contiguous positions, 
the name ‘ osazonc ’ wa-s applied to all com- 
liounds containing this particular grouping 
(E. I'l.schei, Jier. 1H8H. 21, 985). Osazones arc 
formcil l»y the action of two moleculeH of phenyi- 
liydrazinc on a-dicarbonyj i-oinpounds, namely, 
fimdi as contain llic group CO'C'O ; 

EHyCO 

I +2('oll3XJlXUa 
(’ll.,CO 
Dlm'olyl 

CHj-’C I N-XH'CoH 

I +2H,0 

CH 3 -C: X-NH CbHs 
D iucet ylphcnylosazooe. 

The yellow colouring matters known as 
* tartraziiu's ' arc derived irom osazones, formed 
in tills way from dihydro.xytartaric acid. 

(.Isazonow are also formed by the action of 
phi'iiylliydrazine on eompounds containing the 
grouj) -CII(Oll)'(!(t , tlius oil a-keto-alcohols 
and a-ald(‘]iyd()-alcoholH ; and it is the mombon 
of tlie carboiiydrate family belonging to those 
classes which yield ozasoncs. In the cold, 
unk'ss on long standing, only the carbonyl 
grouj) reacts with phetiylliydrazine, and a 
hydrazone containing the group 

18 formed ; but this compound, on heating with 
excesH of jtheiiylhydrazinc, i« converted into an 
(»sazone, the alcoliol group also taking part in 
the roactiou. 'I'lie molecule of hydrogen which 
is removed in this jirocesH reduces a molecule of 
plu'nylhvdrazme to aniline and ammonia. 

! Thus with dextrose— 

! CH2()H[CHOHl^CHO + 3C,H6NH-NHg 

; ->CH,OH[CH(>H] 3 C:(X 3 H-(:,Hj)CHfN,HC,H.) 

I Phcuylglucosazone. 

I +NH,C,Hj+NH,+2H,0 

' These osazones have proved of great use in 
; identifying various sugars. Sometimes, how- 
; ever, two distinct sugars yield the same oeazone : 

I thus laovulosc, like dextrose, gives phenyl* 
glucosazone :— 

CH,OH[CHOHJ3COCHjOH + 3C,H,NH*NH, 

Leevuioae. 

->CHjOHtCHOH]jC(N,H-C,H 5 )CHfN,H-C,H,) 

PhenylglucosaioDe. 

+NH,C,H,)+NH,-1-2H,0 
*(he a-aldehyde alcohol and the a-keto alcohol 
yielding the same osazone. 

The osazones are crystalline compounds^ ilf 
a yellow colour, and generally hare a 
mating point," by meoBs of ^^oh they may hh 
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identified. CoDoentrated eulphuric acid dis¬ 
solves ^ yarious ceocooes, giving characteristic 
oolorationSt and the solation generally exhibits 
some particular colour-change on standitig 
(Japp and Klingcmaiin, Ber. 1888, 21, 549). 
Fumu^ hydrochloric acid Imirolyscs the osu- 
aones in the cold inUi phcnyihydrarinc and the 
a-dicarbonyl compound from which they arc 
derived (E. Fincher, 1888, 21. 2()31). 

J F. T. 

HYDRAZOTOLUENE. Frepared by rcilucinj; 
o-nitrotoluonc in hut alkaliiu! Holuijon with 
tine dust or tinolv divuictl iron. M j). 

hydrazon£ colouring matt|:rs t. 

PVIUZOLONE COLOrRINQ MATIEKS. 

HYDRINDENE r. Kekink^ and Indkne. 

HYDRINDONE i. I.miknk. 

HYDRIODIC ACID n Ioiiim;. 

HYDRIODOL A I p r uddilion 

of mercuric iodide to htcnliscd (cl. 
HYDROBROMIC ACID > Ilao usn 
HYDROCARBOSTYRIL r. yriNoniNi 
HYDROCHLORIC ACID r. ( iilokine 
HYDROCURCUMIN I 'J't UMERK’ 
HYDROCYANIC ACID c ( yamdks. 
HYDROERGOTININE () r ICkuot. 
HYDROFLUORIC ACID r. Fl.rDKI.VE 
HYDROFLUOSILICIC ACID r. l''^i^'l>r{l^K, 
HYDROGELS i ('ouoius 
HYDROGEN. At.Ml. I (K)77 Sunbol II, 
The existence of this iras wjis n-co^nihed in 
the l(>1h century ; lin roiMbiistiblc jiitipeity 
was discovered in the foibiwmjj eenliirs by 
TurqueL de Mnycnic, ninl in 17(HI Ix-niery 
observed the iletonatni^ property of a nu.xture 
of air and liydro^ton, 

CavendiKh, in I7♦l(i, sliowed tlntt when the 
gas was pruduced from dilute ncid and one of 
the metalH, iron, /.me. or tin, it was obtained in 
amount varying with the in<‘ta! used. 

Hydrogen wivs for a imie confounded witii 
other eoinbustible giiSCM, Hiich a.s marHh'gas, 
carbon monoxide, and vapoiu of ether ; all were 
supposed to i-oritiiin the same innamniable 
principle, phkxjt^-ion, niodilied by lanublc 
amounts of other sul>stancea. 

Moequer and iJe la .Methcne first oliseivcd, 
in 1766, that water wjis pioduce<l by l>unnng 
hydrogen, but it was then thought that other 
products than water were pioduced at flv 
same time, and I.Avoisior made inanv cxjK'n- 
monts with tlic object <d detecting the presence 
of an acid which he imagined sfundd be among 
the products of coinhuslion, as v i».s Mic case in 
the combustion of such IkhIioh as suiphur, 
oarlMin, phosphorus, &e. Cavendish, Jiow<‘vtT, 
in 1781, proved oonelusivcly tliat water was 
the only product of combustion when hydrogen 
bums in air or o.vygen, and that if a nu.vture 
of hydrogen and oxygen in the proportion of 
two volumes of the former to one of the latter 
were burnt, the whole of the gases wore con¬ 
verted into water. 

SOQfCtl* Hydrogen occurs free in nature in 
the gaseous mixtures evolved from certain 
volcanos (Bunsen, Ann. Chim. Phys. 1853, {ni.] 
38, 815; Deville, Compt. rend. 1862, 55, 75). 
^nie gases evolv^ from Mtc. Pel^‘ in MarU' 
olque during the eruptions of 1902 contained 
22^ p. 0 . m hydrogen by volume (Moiasan, ' 
Ooa^. xwimL 1902, 135, 1US5). It also occurs 
ia ttM of steaiD« known as j^marcUSf which 


I occur in T^cany and other places. Tbs gasss 
I issuing from the salt beds of Stassfurt (Red* 
I ohardt, Arch. Pharm. i860, [ii.] 103, 347; 
j Pnx ht, Bor, 1880, 13, 2320). and Wislioaka 
I (Rose, Pogg. Ann. 48. 353) contain hydi^sn, 
, and it also (Kicuro in the gases given off by ths 
( oil-wellx of Penasvlvania, West Virginia, Ohio, 
; and Indiana (Engler. lier. 1888,21, 1816; U.&A. 

; (leol. JSur. 2, 297). llydnigeii has bmn 

, fouml oeeiuded in I’ertaui ineti'uriteH (Clraham, 

; Proe. Roy. Soo. 1867, 15. 502; Mallet, ^id. 

• 1872. 20. 36»."). and in a largo number of minsratl 
; Obimway and Traveni. Pro<-. Roy. 8oo. 1897, 60, 
. 442 ; 'I’ilden, ibid. 1897, Wb 45.^), and in clays. 

' T(i a very Hlight <'xtent. hy(ln>gen oeouni free in 
, the .'\tm^K‘^pho^e {tJuutier, Ann. Ohim. Phyt. 
I{K)I, Iv'ii.j 22. 5; Ijivcmg and Dewar, lAt'd, 
i!>01. 22. 482; Ravlcigh, IMiil. Mag. 1902, [vI.] 
3. 416; I.edue. (.-mupt. nnd. 1902, 135, 800, 
1332). Aeeording to Clamle ((.’onipt. rend. 
HK)9. IIK. 14.54), Iheri' i.s Iohh than 1 part of 
bydiogen in one mdiion pHrt« of an*. ]t« presenos 
m the air is jiroJiably ilue to the de('uin[>ositioD 
of eelhilose under llie infim^nee of ansrobio 
micro-organiHnis. Hydrogen Is also produced 
in tlu’ rlecay of variouH orgatiK’ bodioH, being 
found HI the intestinal gases of many animals 
(’rappeiiicr. Hit. JH81, 14. 237.5) 

SjK'i trosi'opie olwervaljons Imve shown that 
fiydrogen eomphdelv surrounds the sun. forming 
an envelop!* which ^las received the nanio of the 
rhrom(»Mfib(rf. llydnigen also oei'Uni in certain 
stars and n<‘bube. ^ 

In u Nlato of combination, liydrogcn forma 
one ninth the weight of water and one-fourth 
the weight of marHli-gos. It also occurs in 
smaller quantitiot* in eomhination with phos* 
phnru.s, Mulphur, iodine, bromine, carbon, and 
nitVogi'ii. It IS an^esseritial cfinstituent of all 
acids : most animal and vegetable Hulwtanoes 
contain it, and it m u constituonl of many 
miiieral.s. If e.vists jn the uir in small quantities 
in eombination with lutnigen as ammonia; and 
in certain mineral and volcanic springs it is 
found in eombination with suliihur and clilorine 
0.1 hydrogen Hiilphitle and nydnx'hlorio acid 
rcHut'etively. 

t^eparatlon. (1) liUrtndifMijt of 
f\<}UionM •‘ohiUoiiH. Pun* hydrogen is readily 
prepared liy the elec Irolysi.s of a mixture of 
1 part of sulphuric acid and 10 parts nf water 
lK‘t ween [ilatjnuin elec'trodes. j’lie j)otential 
dilTen'iiec* bc'tween the terminals must exceed 
1'7 volts. 'J’he hydrogen is evolved at the 
cathcxle, and suitable provision must b<‘ m^e 
to prevent oxygen from the ancxic* cLffusing into 
the hydrogen A convenient methexi consists 
in iinmerMing the anode in a mass of liquid 
zme-amalgam, which aL»orbs the oxygen com¬ 
plexly, ffirmmg zinc oxide and eventually zinc 
sulphate. 3’he current from three or four 
Bunsen elements is sufTicient to avork such an 
electrolytic (xdl for lalxiratory use. A suitable 
piece of irat^ is described in Amer. Cham, j, 
1897, 19, 810. A 30 p.c. solution of 
hydroxide may also be employiKl ; plate gfc-kel 
electrodes arc most convenient, and a ussfni 
piece of apparatus for this purpose is described 
by V'^zes and Labatut (Zeutsen. anorg. 

1902, 32, 464). Hyd^en prepared* from 
sodium hydroxide solution always oontaias a 
little oiganic matter, owing to the preseoes of 
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cartMjimlo in Rolulion (Morloy); it can be ob- 
tttinrd »jniU' pun- by ( bH-tmlywitv? a Kolution of 
i)un> n-fTv.^tuliihnl t)tii\fa {(inkf-r. ('hem. Soe. 
mb:i. Hi, 41H)). 

Tbchi- t I. i lin|\(ic urt- onipldVKl on 

a cmiitiicn iitl Hcal'-. diliit*- milphuru: acid being 
iM'iween Icatl flcrtrodcH, or fiodinni 
or |jota-'‘‘iiii!i liv'lroMflt- iK-lwccn iron cicrlroili-s. 
'rill' eiit'-f dilli' nil V fiii'(i\in1.er(‘(l is t iial a mixliiii- 
of oxvv'n and fisdrogr-n is givon olT ill bolli 
flri-trodcH ’I'lic liydiogoH I'onliunH iif)oiit 
1 p.c. of oxif/cti. iiml 11 h‘ oxygon nboul 2 |i o. 
(»f bvdrogoii f'mlor oortiun oiroiim^laiioos ilos 
Kiim'iKtun- of oxygon tiiav piovo <lang<T(Mn 
'I'lio iiilni'luotion of diapbiagiiis inoro.isi's tlio 
|•o.slHlaIM■o <i\ tiio coil, uml is Ifiorofojo 1o bo 
iivoidod'if jio'sil.lo, N'anous iiattoins of coll 
huvo ix'on (lo\ tso<l, ami aio dosi 11 liod in .) S(»o 

(’liotn, hid I'luo. 111 . 1120 ; 1001.20. 2.'.s ; l<kl2. 
77H ; lOOd.'.M, I00.'>. 1210; |!)0!1, 

7!1‘! I Kng Tai' 2S20. t0o2. and 27210, lood; 
Kr. ValH 0:.r.i.ri2, lOo:,. and :j07:il0. IOOK: 
l>, K 1’. I0K()21'>. 1000 'I’lio Kl. ktion works at 

(Irioalioim nso as (’loclrohto potas-siuiii iidomio, 
Uioii-hy olitaining ]»olaHsnnn li\dro\idr and 
oldoniio in addition lo tlio bydnigon The 
Of'i’likoii Masoliini nfidmlv otnploy llio Siiinndl 
process, iiMin.' )it>lassiniii ra^lionalc solntion, 
and Ific liciaoiis Coiiipaiiy at llanan a 2l) [m-. 
moluhnnof oiinsfic soda at abunt' 00' (Si-lnu-kcrl 
process) i.aigo <|iianliUcs of liNdrngcn luo 
also iniulc h\ lln’ Castiioi-kollncr C'omjiany 
liV till' ti^'cttolvsis Ilf umuiion salt solutions 
’hicY siippli llu' gas in Ji coinproscil stati' 
Otlii’r I'lcotrolylio prooossos wliicli liavc proicd 
roiiiiiUTi'ialiv siioci'ssfiil arc tliosc of llaiuti 
Hclioop, the International (K_\gon Co, of 
Ncwarli, N •! . Sclniccr, Clmrchill, and Uurdett 
Kor di'sciiptioiis of tin* vni’fitis cells einployi'd. 
niitnn* of clecinide.s, diaphragms, iVe . yields, 
and ctKTgv <‘\[ien(jiltir<', or (itvcnvvood s 
Industrial (laHes. iitJO; F. Halo. rt. iSot-. Client 
Ind. 1021, 40, 122 Ik 

(2) Chrmiivl (lfri)nt}M).silmn of wilt r ---lUdro- 
gi-n mav !«' }*rcpaivd by decomposing water; a 
large nuinlu-r of readily o.Kidisablc suiistancos 
can lie emphned for tins purpose ^ 

* The alkali metals and the metals of the 
alkaUne eartlis deeomposi’ water at oidmary 
t<'m]>oratn res, hlierat mg ii\ tlrogeii ami pj o- 
duomg tlie eonvspondtng melallic hydroxide. 
The action js very vmlent. jiarticiilaily with 
pota.'^siurn, rulmlium. and eiesiurn. 'J'he re¬ 
actions can be readily controlled, however. l*y 
omploying tlie amalgams of thwi' metals 
Rction of steam on pun* sodium has been used 
for the jiTepiration of pmx' hvilrogen (SeoVt, 
Phil, Trans. IStKk 1H4. MK ; Mehor and Hussell, 
(them. Soe. Tmns. liH>2, SI. l‘i7Sl). and tlu* use 
of aodhun. mixed with oil. nluinmiiim. and in¬ 
fusorial earth, for the pit'paration of liydmgen 
on a commt-rmal seak* has been patented 
(U.S. Tata. HKmi, IIHIS ; lK)f»53«, 11)09). 

Magnosunn decompwes wajer at'tempera¬ 
tures alxiYC 70'" (Ditte. Compt. rend. 1871, 73, 
108), and bums vigonnwly when heated in 
steam. Mafenesium anmlgam decomposes cold 
water (Fleck and Basset, J. Amer. (jhem. Soc. 
1895. IT. 789). 

Aldmlnium does not decompose water unless 
some means is afiordod of removing the oxide 
iTom the fluriaoe of the metal. ThU is easily 


I ofTcctod by amalgamating it with weight 

i of mercury, wlien the amalgam produced reaoily 
; decomposcH water and can be employed as a 
; source of pure hydrogi-n (Bailie and Fcry, Ann. 

, Cinm. Pliys. 1H89, [vi.i 17, 240; Wislicenus 
and Knuffinunn. Ber. 189r>, 2H, 1323). Hydrogen 
is readily obtained {>ure by slowly adding wat-er 
t(i a Tiii.stuie of line alununiurn filings containing 
I to 2 }) e. of mercuric chloride and ()'5 p.c. ol 
[otaf’Mum cvunide, ke<‘pmg the temperature at 
7(1' (MaunclK-au-Beaupre. Compl. rend. lOOH, 
147, 3!(i, Fr, Pat. 3!>272a, 190H). One kilo, of 
tlii.-i imxiure vukls 13<M> hlrcsi of hydrogen. 

.■\1 ^ red ticat. water vapour is easily decom- 
liy iron, hydrogen and tnfernc tetroxide 
sing [irotiuced (i..avoisici‘, (J-luvros, 2, 3()0). 
Tlii.s MH-lliod IS em|)l()yed on u largo flcale and 
has bcrii iln‘ .siibp-et of numerous patents (Eng. 
Pal.s. T.'.iH, 1HH7; 207.i2. IHIM); 4134, 1891; 
2H72I, IHIMI; l(i;{.')(i, PK)3; 21479, 1908; 

17.-.9I. 1<KI9; 12117. 1912; Fr. Pats. 373271, 
!9(»7; 3H(i991. 190H. 39ol32, 1908; 444105, 
liH2; 4(i)4HO. 4(ili;23. 4bl(i24, 1913 ; U.S. Pat. 
97120(1, 190S; D K l‘P. 22()4”i3, 1909; 
2.'.1222. 2(i3:hKl. 2(i3391. 2(i80<i2. 2(i«339, 1012 ; 
</. Uorgius, ,j. Soe. ('hem. Ind. 1913, 32, 402. 
'I'ho o.vidc produced is icduecd to metal by 
heating with coal or by lieatmeul with water 
gas a,s m the -Mc.sseiM'hmidt, jiroeosK, or by edlier 
caibon or ciirlion Jiiono\ido as in tiiu Borgius 
piocesH, and used again. 

Steam iH readily decompo.se(l by piu»sing it 
over red-hot eoke, uheii a mixture consisting 
essentially of carliori itioiiovide and liydi'ogen 
in ajijiroximately (-([ual volumes, is produced) 
known as Jiwd'i-i/rr (i. Cas. wati;!!). Numerous 
methods have been pixiposwl for tlie jmrpose of 
jireparnig iiydrogen eommereially from this 
mixture. In one process (Frank, Fr. Pat. 
371814, llKMi). the dried tnixlure is pa-ssed 
ov(>r calcium carbide at a lempenituro above 
300 » when onrbon monoxide ami dioxide react 
with the earbide, fonmng calcium oxidu, car- 
bonnlc and carbon, while tlie nitrogen present is 
converted mio calcium eyauamide. The oxides 
of ('arl)on may be partially removed by a 
pn-ljimnary cooling process, wliereby the nion- 
o.xide is lK|Ueliod and the (lu).\ido solidified. 

.leave and (.fauticr (Fr. Pat. 372045, 1906) pro- 
]KKse to })ass the gas through a jioroua partition 
m order to separate the hydrogen by reason of 
its rapid power of diffusion. It is said that by 
on(‘ such, operation the |>ercentago of carbon 
monoxide may lie reduced from 45 to 8 p.c. In 
other proceaHCH, the carbon monoxide is removed 
by chemical means ; for this purpose it is paasod 
over a ealnlyaor, e.g. feme oxide, heated to 
4(K) -500'° with excess of steam, when the 
nionoxido is replaced by an equal volume of 
fiydrogcn, carbon dio.xide being produced, 
whh'h may be removed by solution in water or 
by absorbing it in milk of hme (Henry and 
Hembert, (knupt. rend. 1885, lUl, 707 ; D. R. P. 
224K62, 1007; Claude, lUem. 1921. 173, 053). 

The oxidation of carbon monoxide by steam 
wiUi the liberation of hydrogen can be effected 
at 4()0°-500° in the presence of reduced iron or 
iWc-kel (Fr. Pats. 355324. 1905; 375164, 1906; 

Mond and lAnger, Eng. Pat. 12608,1888» and 
Fr. Pat. 361429, 1905). 

The Qiieaheim ^ekteoa Company (Sng. 
Pat 19049, 19^, J. Soo. Own. ImL 1919, 
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para w&tor-^ftA mixed with eteam, into a heated | 
retort containing lime, when the oxides of carbon | 
are removed as calcium carbonate. In the j 
Linde-Frank-Caro process water-gas is first 1 
treated with lime or a solution of cauHtic soda 
to remove carbon dioxide, an<l is then subjected 
to pressure and eooled with liquid air wlierehy 
carbon monoxide, nitrogen, and other inipuiities i 
are liquefied wliilst the hydrog«'n ntdl I’ernains 
gaseous. Tlie Ijquiil eorhon niunoxide tan bo 
nurnt in a gn.‘< ongnu' oml so ^erve to drive the 
plant, hy further trentnienl hydrogen of 
99*2-f>n'4 p.c. purity is olitained which may be 
ernployeil for filling balloons or caialytie 
reactions, (loir a method of di-teriuining small 
unnlities of eaibon monoxide m hydrogen, >rc 
. K. Rideal and 'J'ayior, Analyst, I'.H'.t. Sh ) 

Hydrogen fret* from conipotimlH of eaibon 
and oxygen, ean l»e prepaied by lieafing e(>ki', 
im])r(‘gnated with !<• p e poiussium carbonate 
and mixed with live it.'i weight of Imrnt 

lime, in a (‘iirr<‘nt of .steam at or»t>' T-iO (Kng 
Fat H7:U, IhlD). 

The fleeoiiiposition of stcjim may also be 
efTi'cteil l)y ]ja.Hsing it o\ei’ led-hot. liiitium sul¬ 
phide, whn h bfcoiiK'S oxidised to Hulpimle, with 
(he Hirnultaneoiis formation ol hydrogen (l’'r, 
Pat. 3()18t)(h !!«>.>). Th«‘Hulpliute is ledueed with 
coal or ]irofliu'i'r gas to siilplnde. and tisial again. 

(11) Ai'tm/i of tnffnh on ncni/i --'I'he coiniiion- 
est method of jirepanng lixdrogen for laboratiory 
purpoHCH eon»i*«t‘- in acting up<in gramilaleil /me 
with eitlier ililule liydrochlonc and (1 of urad to 
2 of water), or Hulpliuric and tl of and to S of 
water), will'll liydrogen is enilved and /.inc clilo- 
ritle or Hulplmte is left in sidutron Very pure 
liydrogen is obtHmed from pure /me and inirc 
diluted acid, hid the action is extremely slow’. 
A regular stream of the gas may be obtained, 
however, by adiimg a little plidmic chloride 
solution. IMatimim is tlejiosiled over the 
surface of tlie /me, and the libi'ratetl liydrogt'n 
escapes freelv from the surface of the platinum, 
leaving the /.me surface free from biibhlf's^ of 
gas (fJourdon, C'omjd. rend I Mol, “b, J2.)b). 
A similar effect is jirodiiced by adding a small 
quantity of a salt of copiX'r, silver, gold, tin. 
antimony, bismuth, nicki i, or eobalt. 

The apparatus shown m the annexed figure 
may be used for obt.ainmg pure hydrogen for 



UboTftiory purpoBOfl (Edwards, J. Ind. Eng. 
CStem. 1919, 11, 961), Tho apparatiA is ex* 
tbroogh o, whilst the tube d, which 
dips into meranry, serves as^ indicator of the 


residual pressure and as a safoty valve. The 
acid flask./, is nearly filled with (iiluto sulphuric 
acid (1:8) an(l contaitu a few fragiuenU of 
/me, 80 that the hydrogen evolved will sweep 
out all air. Tlie vent e is then oIohocI until the 
nixissure of the gas ih Huflicient to force the acid 
into the tulx*, to free tho connections from air, 
Tho tube l>eyond the tap. h, ent<'r8 the generator 
through a rubber Hloj)j)er, which in always 
under liquid. 'Plie rate of g«*neration of the gas 
i.s controlK'd by the lap r (J. Hi-K'. ('hem. Ind. 
1920.20 \) 

Otfier inetaN. eg. aliiminuim, iirngncbium, 
ami inm. may be iHid misO'ad of /.ino for 
generating hydrogm from mnih. Pure hydro¬ 
gen 18 readily pieparcil by acting upon aluinin* 
mm With n'lercuric chlonii-' HoluUon slightly 
aculitied witli lis'ilr'H-liIniic acid (IbulenHloin, 
/eitsi li. plnsikal. I'heni. 1 m 97. 22, II). The use 
of /me, and mnrx' particuhirlv of iron iimi sul- 
phtiiic acid upon a eominciv ml hchIc, ik very 
common (c. Png. I’als. lKli7: 10277, 

l«0b, 17:)l.’). 1M9M; 2‘»bS». 1K07) 

(4) of iiololi titol tmn-inihtljt 

itUnlo'i Tlie inctiilH /me. uliiniinmm. and tin 
ri'adilv ihssolvr m wmin coni cnlr«te<l alkali 
hythoxide Molnliou.8. libciJiting hydrogen and 
forming alkali /inciitc, iilimumite, and htnunato 
rcHpectively. \'cry pure lixdi'ogen is thus pro- 
duei'd from aliitiimiiim free from carbon. The 
non-metnllic clement, Kiliion, Hiimlaiiy diMMolves, 
and conHidenililc quantities of hydrogen may be 
jin'jmred by lu-atmg ])ow<lere({ sil^^'on or ferro* 
silicon witli sodium liydroxide Holution and milk 
of lime (1). P. I* 21(Wb8. 190H ; Kng. I’ut. 21032, 
1000) (r. vifrn. Htjdro'H n jot 

Hydrogen may be prepared by heating 
slaked lime willi ('itiier /iin' iliist (Sehware, Her. 
ISHfi, 10. llfJ)^>r coal. The resulting culcium 
carbonate iti the hitter }jfoceHH may be recon¬ 
verted into wlaked iinu* by heating in sloam 
(Hioxanfl 

("») IhrnmjutMitton of inttoUtc /fy/dndv’S.—The 
Jiydrides of the alkali metals an<l tlioso of the 
aikalme (‘arths r<*adily fleeomp<*Ho water at 
orflmary trunpiTaluri's, liln'rating hydrogen and 
forming the eorroHpondmg metallic hydroxide. 
The use of calcium hydniie for jux-paring 4*vdro- 
gen 18 very conveiiii'iit, winec tho hydride is 
readily portable, and each gram of the Kuljstanoe 
yields’ more than I litre of liydrogen when (ie* 
composed by w’ater. Tlie liydrogen liboratod 
IS twice that whieii i« ttlj«orlj<‘(l by tho meta.llio 
calcium in tlu' preparation of the liyilrido (Fr. 
Pat. 327878, 1002); (e. infra, Hydrogen ^or 

[ialUmiat). 

Palladium, capt'cially when amorphous, 
capable of adsorliing large quantities of hydro- 
gen ; from tlie .sulwtanec thus produced, pure 
hydix^gcn is ix’adilv obtained by heating itundor 
reduced pressure (r. infra). 

PvrtpaUion.—TUe eUrtrolyeis of either dilate 
Bulphiiric acid or a solution of pure baryt», 
yietils- j.ractically pure hydrogen, u also does 
the action Tif steam on pure sodium. Most 
methods of jireparation, however, yield hydro¬ 
gen containing more or less of a number of 
impurities, nearly all of which may b© imnovod 
by treating the gas with roagenU omhto of 
aUorbing them. The precise noton^ most of 
the imparities depends upon the niethod of 
preparation employed, bnt OPe in poitMtr* 
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viz. atmo«j)heric air, i« common to nearly all 
methods. Jta preaence in the gas is due partly 
to its pfpsenr«' in tho iiipiicls einployed in the 
propamtidti of tlic itjih, a wource of error which 
may ho dnuirnHhiMl l>v previously boiling the 
solution, jiartly U< the fliffioulty of romplotcly 
cxjs-lling iiir from tlio apjiaratus, and partly 
owing to Inikago into the apparatus tlirongK 
iurk or rulihor joints, which shoulil tlierefore 
lx> as few as possible. The oxygen Ihus 
introdueed may he removed by jiassing the gas 
over HMl-hot eojipor or Rjiongv jilutiiium or 
througli oiiromous {lilorule solution, luit the 
iiilrngen cannot he sjmilarly remov'd. 

A eonvemeiit hut exjionsive method of 
obtaining jiure hwinigen consists in jiassing 
tin* dried,* iipj)i’o\imntelv jiuri- gas over 
palladium, flic mi-tui having hein previously 
strongly h'-iited. intiodiieetl into a tulie fitted 
witll u stntxdck and flie Inhe evaeuatetl. 'I'lie 
metal is allowial to I'oo! *lurnig the iihsoiption <>1 
the gas, Tlu^ gasS left in llie apparatus is linaliy 
pumjH'd ou( l'’rom tin- paliadium ii\(iro!.'en, 
)>tm' livdrogen is r<-adiK’ ohtiuiu'd In altaclnng 
the palladium tul»e to the ajijiaratUH into wtiuli 
the gas IS to lie mtrodiued, and gentl_\ w.iiiiimg 
the metal 

Hyilrogen prepared frotn arid and ordinary 
iron, wliieii contains a ((‘rluiti ainoiiiit of r>irhid(\ 
invariiihly eonlaiiiH gaseous lijdroeai honH winch 
give the gas an unpleasaiit' odour, and this 
method of jiveparalion is never used for hihoni* 
tory purpos(‘H. 'I'he liydioeiirhons ma\ h<“ ri’- 
moved by ])assing the gas through alcoliol. or u 
Itabo filleil with pieces of wood-oliiireoal nr 
paraffin (Stenliouse, .Aiinalen, lsr>K, lOti, 12r>: 
Varenne and llehre. hull. Soe. ehini. 1K7", lii. | 
623). 

Aecording to Motley, tlie purest redistilh'd 
zinc alwa\’s ennlHins a little oeeluded oxidoH of 
carbon, which lind their way into hydrogen 
prepared from the metal and acid, llie com- 
mendal melal may also contain, hcsiden a little 
lead, traecH of sulj.hur. arseuie, antimony, 
eorbon. silieon, and even jdiosphonis, which 
cause till' hydrogen gi'iieriited from the metal by 
meaiiH of acid to eontnin the eorrespondinjj 
goacotis hydrides. Sulphuric acid may contain 
Rulphur dioxide, wlii<di will be partly evolved 
with the hydrogen and partly n'duced to hydro¬ 
gen sulphide (KoIIh'. Annalen. IKfd. Mlh 171). 
and also nitrogen compounds, wdueh lead to llie 
formation of nitrogen and nitrous oxide in the 
hydrogen. Frequently sulphuric acid contains 
arsenic anil selenium, winch leads to the format ion 
of the correapomlmg hydridea. Hydrochloric 
acid prepared from siilpluirie acid may eonUun 
the same impurities. ^ 

Sulphur dioxide, the hydrides of sulphur, 
selenium, silicon, and hydrogen chloride earned 
over by tho hydrogen may he alworbed in a 
solution of potassium hydroxide. Tho hydrides 
of phosphorus, arsenic, and antimony may he 
absorbed by solutions of various metollK*’salts, 
e.g. mercuric chlorid'', lead nitrate, or silver 
sulphate (Dumas, Ann. Chim. I’hys. 1843, [iii. | 
8, 189). 

All the above impurities are decomposed 
when the hydrogen is passed over red-hot copper 
tuminffs. * The small quantity of nitre^en that 
may be introduced by Die deoompoeitioa of 
oxides of nitrogen is usually not inconvenient 


For laboratory purposes, hydrogen is best 
urified from phosphine, arsine, and stibme, 
y passing it through saturated pennanganate 
solution and then through 5-10 p.c. silver 
nitrate. After washing hydrogen with ooncea* 
trated permanganate solution, nowever, the gas 
eontaiiib traces of oxygon For removing traces 
of arsine from large quantities of hydrogen, 
bromine is the best absorbent; on a technical 
f'calc jiotassium hy{)ocldorito or bleaching 
jiowder may he sulistitutoil (Reckteben and 
Loekemann. Zoitseh angew. (.'hem. 1008,21,433). 

Arsine is said to lie completely removed 
from liy(l%>g(‘n l)v bubbling the go-s through 
petroleum spinl cooled by liquid air to —110®, 
imrl till' process has been recomnu-nded for 
lechnical use (Clonipt. rend. 1903, 13t>, 1317). 

An elabonite iiielliod for purifying hydrogen 
l)V free/ing out the impurities is described by 
Kamorlingh Onnes (I’roc. K. Akiid. Wctcnsch. 
Amsterdam, IlKMI. 11. S83); UMiig 25 litres of 
lii|uid air, lO.OOt) litres of hydrogen can bo 
puntied in S hours. 

llydrogi'ii may be dried for ordinary purposes 
1 »V piissing It over anhydrous calcium chloride 
or through conceiitniU'd Kulpinirie acid. The 
latter iiroccHs, however, slightly contaminates 
till' gas with suliihur dioMde^ (Dittmar and 
llendemon, Fioc Roy. Soc. (fliisgow, 1891, 22, 
!13 ; Uerthelot. Ooinpt. rend. 1897, 125, 743; 
Milbaiier, Zeitsdi pliysikal. ('hem. 1907, 57, 
049). 'Hie use of jiii'osphone anhydride, free 
from lower oxides, is to lie preferred 

/bo/irr/o'^ - Mydrogen is a eolourless. o'biur- 
less. tiisteU'SH gas. It is t he lightest gn^ knwwn, 
1 litre of hydrogen at N.'l'.l*. and at sea-levt*! 
in hit 45’; w’cighs l>-0H9H73i(>-(KKKK)27 gram 
(.Morley. Zcit.si h physikal. (’liem. 1890, 20, 242 ; 
c/. Regnaulf. Relation des Kxjier 2,121; Ijcduc, 
()ompt. rend, 1891.113. lH(i; ThoniHcri, Zoitech. 
anorg, ('hern. 189(5, 12, 1). The density of 
hydrogen eonifiared with air is thereforr* 0'0G94. 
The jiroduct pv, instead of being constant 
na Jioylc'H law deniauds, continually increases 
as tho ])n‘SSuro is jnereaseil. At 200 atmos. 
(absolute) it is 1134 (Amagat, Ann. de chim. et 
de Phys. (0) 29, 1883, 08). Tho coefficient of 
thermal expansion at constant pressure is 
0IK>30()1 (Regnault), and at constant volume 
the eocflicieut is 0'(K)30024 (Chappuis). The 
thermal conductivity of hydrogen is seven 
times that of air (Stefan). Between 0® and 200* 
the molecular specilic heat at constant pressure 
IS ti'Sl and at constant volume is 4'81 calories, 
'i'lie Hjicnfic heat increases with rise of tern* 
perature. According to Mallard and 1« 
C’hatelier (Oompt. rend. 1887, 104, 1780), the 
im-an molecular specific heat of hydrogen 
at constant pressure between 0® and <® is 
t5-5+0-(HKH5 ((+273); the value at constant 
volume is 4-700+ ()‘00045( (Her, Zeitsch. 
Klcktrochem. 1909, 15, 53C). According to 
('rofU, C,.^4-86+0 000()4(, where C is the 
mean specific heat between f and 15* (Chen. 
Soc. Trans. 1915. 290). The ratio of the spociflo 
heats is 1*405 (Rontgen). Hydrogen is 
diamagnetic. 

Hydrogen is very slightly soluble in water, 
iu absorption-coefficient between 0* and 26* 
being g5ren by the formula 

0'021S28-Oi)p019216<+0‘OOOOQ1728l* 
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(Timofejeflf, Zeitsch^ phvBikal. Chem. 1890, 0. 
141; d. Winkler, Ber. 1891, 24, 80 ; Bohr and 
Bock, Wied Ann. 1891. 44. 310; Gcffken, 
l^itoch. physikal. Chcm. 1904, 40. 257>. For 
its solubility in alcohol, t*. Tiinofejeff, /,r., and in 
various aqueous salt aolutions, r. (IcfTkcn, Ic. 

The liquefaction of hydrogen for many years 
presented the ma'it difficult problem to experi¬ 
menters on the liquefaction of ^mses. Jn 1S77, 
Oailletct suhinittcd liydrogcn to the same pro¬ 
cess as he had Muoccssfully uned in the lique¬ 
faction of oxygon and nilrngi-n, and oliserved 
the formation of n fine mist >\hcn hydn^en was 
subjected to a pn-sauro of 2H0 atnum, and tln*n 
suddenly rdea-sed. In 1881 Wroblewski {('omnt. 
rend. 1884. KM), 970) liquefied h\<lrogrn by 
cooling the gas, under a pressure of liK) nlmos , 
by means of boiling nitrogen, and tla-n (pncklv 
releasing the jiressure. Ky a Kimilar method, 
Olfiz.ewHki (Comnt. rend 1884. 99, 133; I8S.7. 
101, 238) auccceaed in f>htaining colourless drops 
of liquid hydrogen Drwar ({'hem. So«'. Kroe. 
1895, 229; t'hem. Noe. I'r/ins, 1898, r>28 ; I'roe 
Boy. Soc. UX)], 08. 2t»0) was the first to sueeeotl 
in ])rt*])anng' liquid hydrogen in suificient 
q^uantity to .sliow' a definite meniseus hy applying 
the regenerative proi'ess to the eonijircssed gas 
after Hrvt cooling it to • 205'. 'I’raNers (IMiil, 
Mag. 1001, [vi.] 1,411). Olszewski (Ann C’liiin 
PhvR. 1903, fvii.l 29. 2S9), and Nernst and 
Pollitzer (Zeitsch. Klektroelicni. 1911, 17, 735) 
have described proc('.sHc.s w'hcrefiy lupud hydro¬ 
gen may be prepared in quantity. 

Liquid hydrogen forms a clear, colourless 
liquid, boiling at — 252'5’ (Dewar, Jh'oe Boy. 
Soc. 1898, 03, 250; Travers, Phil. Idag. 1902. 
[vi.) 3, 535). The vapour prcwKiireM of tin* lupiid 
at various temperatures between 24‘59" and 
32'93® (alia.) have been nieiisured by C.’atli and 
Kamerlingh Oniu'S, and may be reprcsenK'il 
hy the formula T log p — 50'IW)5-i-3’8015T 
~ 0'10458T* -f 0-(K)3321T® - 0 0000.51023'*, in 
which p=prca8urc in international atmosphere,s 
Liquid hydrogen lias tlic greutesf. specific heat 
of any liquid, namely 0‘4 (Dewar) (rf. Keesom 
and Onnee K. akad. Amsterdam J'roc. 20. 1000, 
1918). When cooled by rapid evaporation 
under diminished prcHsurc, the IkjuuI solidifies 
to a transparent solid, iiudting at - 257 ' (Dewar) 
or ~258’9‘’ (Travers, Proe. Uov. Soc. li)02, 70, 
484), and having a sp.cr. at —2r)9'9'’ of 0 ()703 
{ibid. 1904, 73. 201). Aeeording to Kamerlingh 
Onnea and CYommcUn the d« nsity of liquid 
hydrogen increasee from 0 07080 at the hoiling- 
TOrnt (—252'77®) to 0'07()31 at — 258'27'’. 
Contraction occurs on freezing, and at — 2t)2’0® 
the densiW of solid hydrogen is 0*08077. The 
density of liquid hydrogen at the triple point 
( — 169*2®) is 0 07709, and on the assumption 
that the density of solid hydrogen at iliis K'Di- 
perature does not differ ajipreciably from that 
at —162®, the contraction on freezing is about 
4*8 p.c. of the liquid volume. Augustin (Ann. 
Physik. 1916, (iv.j 46, 419) found the density 
of liquid hydrogen 0*07105 at — 252'83® and 
746*42 mm. The refractive indices obtained 
by the method of total reflexion were at th^e 
temperatare and pleasure A656‘3, 1*10024; 
^679*0, 1*10974; A546*L 1*11003; A466 0, : 

M1179; A404’7, 1 11262 (Austin, lx.). Ac- ; 
ooidiog to Venofaaffelt the viMosity of liquid 
l^rdro^m at 20*43* (^bs.) is 0*w013. Por the ' 
Vou nL—T. 


vapour of hydrogen it is 0*000010. The critical 
pressure of hydrogen is 15 atnios. and its critical 
temperature IB —243® to —241® (2k?warl (33*18® 
(nbs.) and 12*8 atnios. (Onnes, CVom'inelin, and 
Cath). 

Apparatus for liquefying hydrogen. Tlio 

npparatiw works on Linde's principle, w'ith 
prcliminnrv’ codling by im-ans of liquid air. 
It. iH so arranged that many expi'riincnt/* can 
be carried out m (he appiiratu.s itself, witiiout 
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tramsfening the liiiiiefledhydrogen ; to thiM end 
the li(|uefyirig eiiaiiiher is eloscd air-tight, and 
a sfieeial sniall \'iif.’uum vi'sscl provided for the 
eoDivtion of the liquid. The conipH'sucd hydro¬ 
gen critcrH by tin* middle tube, Hliown tliicktmed 
in the Bei'ti(*ns of the spirals, then enton* the 
bath of li(i#i<l air, through wliich it paHses in a 
great number of windingM (/>) of very fine Kpiml 
('fqijK'r tube, t lienee into the slu'ct brass vessel 
(c) jn 26 windings, w'here it expands, cools, and 
lujuelies. After ]jaiihmg ut V a \ alve (not shown 
in the iigure) and expatulmg nearly tu atmo> 
Bplieric jirt'Shure. it leaves, through a similar 
number of windings, to utilise its low tem- 
WTaturtt as far as possible, by the tube shown. 
The evaporut/'d air also leaves hv a third spiral 
tube (d), to utiliKc its cold. The axial tube 
w'ith cross pieee.s (fine to a manometer, the other 
fitted W'ith a cork wduch will yield in coae of riso 
of pressure through any st<)p)>agos) is of Gorman 
silver, and is 25 cm. wifie. It fsrmits of the 
entry of, for examjile, the little apparatus 
shown, for Hjiecific heat determinations. The 
brass vessel can lx? separaU^d into two halves, to 
allow the little vacuum vessel shown to be 
placed in position. With a passage of 2~3 cb. m. 
of hydrogen gas per hour the hourly yield of 
liquid is 309-400 v.c., or about 10 p.c., and 
cnnsuiiipfijn of liquid air about O o litre. The 
apparatus, wheft used, is f>^t warmed, and the 
hydrogen from a compressor or cylinder pawed 
through till all is quite dry. Then liquid air 
ifl pawed in from the vacuum vcesel on the left 
till the brass vessel is covered, and the apparatuB 
left to itself till the whole'has reached tie teia« 
perature of liquid air. Hydrogen at 160 
atmospheres is now passed in, and after about 
ten minutes liquifa^ion be^os. If seeded, 

2 H 
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the hydroffon ran bo transferred by a siphon 
vaoinim-tube with a gauze filter on the end to 
stop any accidental frozen air. Very pure 
hydroeen must be used; with a cylinder it is 
poflsible to work till the pfissure is reduced 
from 150 to 70 atmospheres—with a compressor, 
practically all the hydrogen can of course** be 
utilised, whilst with a oylinder nine-tenths of 
it is lost (Nemst, Zeitsch, Elektrochem. 1911,17, 
736; J. Soc. Chom. Ind. 1911, 30, 1159). 

The spectrum of hydrogen eoneista essentially 
of four bright lines—one in the red, corre¬ 
sponding with Fraunhofer’s dark lino C, and one 
in the greenish-blue, coincident with the dark 
lino F. Their wave-lengths are (Angstrom) 
C=0562,, F=:48fll, bluc=4340, indigo=4101 
in ten-millionths of a millimetro. 

Hydrogen is an inflammable gas, burning in 
air or oxygen with an extromdy hot, almost 
colourless flame, and producing water. Even 
with pure hydrogen, liowovor, the centre of tlie 
flame is coloured green, while the external 
portions aro of a violet-blue colour. On re¬ 
ducing the pressure, the blue colour is trans¬ 
formed to green, and from that successively to 
yellow, orange, and red. Under increased pres¬ 
sure, hydrogen bums with a luminous flame. 

The combination of hydrogen and oxygen 
proceeds slowly at ordinary temperatures in the 
nresenco of sunlight (Uaker, Cheni. Soc. Trans. 

81, 400). The rate of combindtion is slow 
at 180® (Gautier and H6Uor, liull. Soc. chira. 
189C, [iii.] 16, 408), but with rise of temperature 
it becomes quicker and quicker, and explosion 
occurs at about 550® (Gautier and H6lier, l.c .; 
Berihelot, Compt. rend. 1807, 126, 271; Ann. 
Chim. Phys. 1H98, [vii.113,30: Moyer and Uauni, 
Bar. 1896, 28, 204; Bono and uhoolor, Phil. 
Trans. 1006, A, 206,1 ; liowe, Zeitsch. physikal. 
Chem. 1907, 69, 41). Mixtures of the two gases, 
if perfectly pure and drj', mav be hinted to the 
nwting.point of silver without eombmation 
occurring (Baker, l.r.). The ignition-pomts 
of various mixturcM of o.xygeii and hydrogen, 
from to H2-f40,, vary between 

and 507® when tired by adiabatic eompreasion, 
oleetroyltic gas liaving an ignition-point of ^6" 
(Dixon, Chem. Soc. Trans. 1910, 97, (SOI ; r/, 
Polk. J. Amer. Clicni. Soc. 1000. 28, 1517 : 1907, 
29, 1536). The union of hydrogen and oxygen 
proceeds quickly at ordinary temperatim* in 
the presence of finely dirided paliadium, plati¬ 
num, iridium, osmium, or gold. 

Mixtures of air and hydrogen are explosive 
within the limits 74'2-4'l p.c. of hydrogen 
(Coward, Chem. Soc. Trans. 1914,1859 ; Coward, 
Carpenter, and Payman, idem. 1910, 27). 

Hydrogen unites at 260® With sulphur and 
selenium, and at 400® with tellurium. It can be 
made to unite directly with nitrogen under the 
influeooe of athe silent disclianro (Chabricr, 
Compt. rend. 1872, 75, 489; Donkin, I^oo. 
Roy. Soc. 1881, 81, 281) or of electhc sparks 
(Bibelot, Ann. China. Phys. 16W, [v.] 21,265); 
for its oombinatioD with nitrogen under the 
influenoQ ol high pressure, temperature, and 
catalysts, see Auxoku, SrKTBBais or. Com¬ 
pounds <rf hydrogen with anenio, phosphorus, 
antim6iQy, boron, an& nlioon, can be prepared 
iadireotly. 

Hydrogen mdtm with pom carbon dinctly 
when beam to 1100% loetnane being produced 


(Bono and Jerdan, Oiem. %«. Trana. ^07 71 ' 
41; Bone and Coward, 1908, 93, 1976; 1910* 
97, 1219). By passing an electrio are between 
carbon poles in an atmosphere of hydrogen, 
acetylene is produced, aooompanied by a little 
methane and ethane (Berthelot, Com*pt. rend. 
1862, 54, 640; Bone and Jerdan, Chem. Soc 
Trans. 1901,*79, 1002). 

G^eous hydrogen combines with fluorine 
even in the dark and at ordinary temperatures, 
with explosive violence, hydrogen fluoride being 
produced (Moissan, Ann. Chim. Phys. 1891, [vi.] 
24, 22-^. With liquid fluorine at —210®, 
explosion also occurs, and a similar result follows 
on mixing solid fluorine and liquid hydrogen 
(Moissan and Dewar, Bull. Soc. chim. 1897, [lii.l 
17, 932 ; Compt. rend. 1903, 136, 041). 

Chlorine does not combine appreciably with 
hydrogen at ordinary temperatures in the dark, 
but only when heated above 400® or exposed to 
light. In diffused light, combination occurs 
slowly, and there is usually an initial period of 
indvetion (Bunsen and lioscoe, Phil. Trans. 
1867, ii. 378) during which the rate of combina¬ 
tion slowly increases to its maximum value 
and afterwards remains constant. This period 
of induction is duo to tlie presence of traces of 
volatile impurities (Burgess and Chapman, 
Cliem. Soc. Trans. 1900, 89, 1399). Under the 
direct action of actinic rays, mixtures of hydro¬ 
gen and chlorine explode. 

Hydrogen combines directly with bromine 
abov(' 400®, and slowly even at 1()0® in the 
presence of liglit (Kustln and Beatty, Amer. 
Chom. J. 1898, 20, 169). With iodine, the rate 
of riombinntion becomes measurable alrave 2(X)®. 

The alkali metals, wiion heated to 300* in 
hydrogen, directly al>sorb the gas, forming 
wliito solid hydrides of the type MH (Guntz, 
Compt. rend. 1890, 122, 244; Moissan, Bull. 
Soe. chim. 1902, 27, 1141; Ann. Chim. Phys. 
1906, [viii.] 6, 289, 323 : Holt, Clicm, Hoo. Abetr. 
1009, ii. 807). The ulkuline-earth metals 
similarly combine with hydrogen, yielding solid 
hydrides of the type Rlig (Moissan, Bull. Soc. 
cliim. 1899, fiii.] 21, 876; Guntz, Compt. rend. 
15)01, 133, 1209). According to Winkler (Ber. 
185)1, 24, 884), liydrogen combima directly with 
various finely divided inotals, e.g. cerium, 
yttrium, lanthanum, obtained by reducing their 
oxides with magnesium powder. 

Hydrogen is a reducing agent, and readily 
displaces a laivc number of metals from their 
compounds wi^ oxygen, sulphur, chlorme, 

Thus the oxides of cop^r, lead, iron, antimony, 
&c., are easily reduc^ to the mctallie atat^ 
witii the formation of water, when heated in a 
current of hydrogen to a more or less elevatad 
temperature. ^Iver oxide is slowly rednoed at 
ordinary temperatures, and rapidly and oom* 
pletely at 100® (Colson, Compt. renm 1900, 130, 
330), a reaction which may bo used to determine 
hydrogen in gaseous mixtures. Pallodoiu oxide 
is reduced in the cold by hydrogen (WdUer, 
Annalen, 1874, 174, 60), as also is the o on e> 
spending chloride, either in the anhydrcmi etato 
eg in solution (Phillipe, Amer. Orem. J. 1894, 

255; CampbeU and Hart, ibid, 1896,18,894). 

When hydrogen is passed through a lohimBB 
of silver nitrate, enlpnate, or aeetate, mutelHB 
silver Is predmtaM; the amewnt «C aM4ilV 
ihoB separated is small ooB^wred with that ; 
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in toiatkm. The meiurn la earried fuiher by 
niflng the temp^tare, and the pteotpitaied 
metal la very ptim. Palladivm, platmom, and 
gold are similarly precipitated. Under great 
presauree, such roductiona are much more com¬ 
plex Thus silver and mercury are quanti¬ 
tatively precipitated from solutions of their 
saltfl at ordinary temperatures under 200 atmos. 
pressure. At higher tomporatureH. nickel, co¬ 
balt, lead, and bismuth ai’e Hiniilariy pn'cipi- 
tatod, the doj)OBition of nickel i>einu; comploto 
at 200” and 180 atmos. (Ipatieff and Wor- 
ohowskvi Ber. 1909, 42, 207S). 

Occluded hydrogen infro) is capable 
of bringing about a great number or chemical 
changes that tlio free gas is unable to effect. 
Thus hydrogen occluded m palladium will unite 
with chlorine, iodine, and oxygon, even in the 
dark, at OTtlinarj' temperatures (lidttger, Ber. 
1873, 6, 1390). It also n'duecH eiilorates to 
chlorides; nitrates to nitrites and even to am¬ 
monia ; mercuric chlorido to mercunjus chloride ; 
ferric salts to ferrou.s salts ; ferricyanides to 
ferropyanidea ; an<l indigo-blun to indigo-wliitc 
(Gladstone and Tube, t’lieni. iS'ews, 187H, 37, 
68). A number of ihcHe reactions can be utilised 
in quantitative analysis (Clia)unan, Airalyst, 
1904, 29, 34G). Hydrogen occluded in platinum 
or copper produces Himiiar changes. 

Hydrogen also beromos much more (henii- 
oally active in contai‘1 with various linely 
divided metals, such as platinum black and 
nickel, cobalt, ii^n and cojjper n'dueed frtirn 
their oxides, Tlius, hydrogen and oxygen 
combine rapidly, at ordinary temperatures, in 
the presence o/ jilatinum )>laek. The union of 
the gaaos is started by the heat evolved ha tiiey 
are occluded, and, onco start4;d, combination 
proceeds quickly, the metal being heated so 
much that it becomes incandescent. Similarly, 
at 400” hydrogen and iodine vajjour rapidly 
unite in the presence of ntatinurn blu<‘k. 

A very general metno<l of reduction and 
hydrogenation has been based upon the fact 
that hydrogen becomes chemically active in the 
presence oi finely divided nickel that has lx.^cn 
Just previously reduced fnjm its oxide. The beat 

{ iroduot is formed by calcining nickel nitrate at a 
ow red heat and reducing the oxide at about 
SOO*. The temperature of reduction greatly 
affeota the activity of the nickcL It in further 
affected by the presence of certain sulistances, 
like sulphur, phosphorus, and arsenic, which 
inhibit the catalytic action of the metal. By 
passing the vapours of a largo number of sub- 
stances, mixed with hydrogen, over reduced 
niokel at quite moderate terajicraturea, reduc¬ 
tions are easily effected; thus nitrous oxide 
produces nitrogen and water, nitrio oxide and 
nitrogen peroxide are reduced to ammonia, and 
the oxides of carbon are converted into methane. 
Many subetances in the state of liquids may l>c 
hydrogenated or reduced under particular 

S reesures and temperatures, and the course of 
lA reaotion is occasionally modified ^ the 
riHitffrial of the vessel in which it is cf^ted. 
Oigaaio nitro compounds, fatty or aromatic, are 
tedttoed to amines. Unsatorated fatty hy^- 
oarbons an transformed into paraffins, vmile 
hn ^twuwMN nomerooB derivatives ar% easily 
converted' into hezahydrobensMis and its sub* 
w^iMOm-piodnctM, idd^yd^ and ketones are 


ndooed to alcohols wiUi remarkable aaaa. 
Indigo blue is nduced to indigo whHai and 
leuoo derivatives of other vat dyes may be 
ainiilariy obtained. The nickel is not altered, 
and permits of liydrogenation being carried on 
indefinitely. certain oases oMm metals. 
t.ff. cobalt, iron, copper, platinum may be 
used, but nickel is founa to be the mostgmieraUy 
applicable. The hydrogen must be carefully 
freed from impurities wliieh under its action 
and the catul^iit after a time loses its aotivity. 
which, however, can be renewed by appropriate 
tn'atmcnt. (babatier and Sendoreos. Compt. 
rend. 1897, 124, 1358; 1899, 128, 1173; 1900, 
130, ir>59. 1028, 1761 ; 131,140; 1901,132.210, 
66«M254 : 133.321; imf2, 1.34, 514, 689,1127 ; 
135, 87. 225; 1903, 136, 738, 921. 983} 137, 
301, 1025; 1904, 138, 457, 1267;M00a, 140. 
482 ; Bull. Soc. chitn. ifK)5, fiii.] 33, 263 ; Ann. 
Ciiim. Phya. 1905, [viii.] 4, 310, 433; Sabatier 
and Mailiio, Compt. rend. 1903, 137. 240; 1904. 
138,407.245; HK)5. 140, 3Gt); 1906,142,563; 
1907, 144, 824, 955. 784, 1086; 145, 18, U20; 
11K)8. 146, 457, 1193 ; Ann. Chini. Phj'S. 1909, 
[viii. 1 16. 70); Jnatiev and othets, various 
jiapera in J. Hubs. rlivH. Chem. Soo. 1W6 rt Hg. 
Cf. Sabatier,*1^1 CatafyNo en Cliimio Organioue ; 
fice art. CatalyKia; alNo Hcndcreon’s Catalysis 
in InduHtrial Chemistry, Longman's Series of 
Monographs on Industrial ('hemistry.) Many 
proi'CHHOH of hydrogenation under the inffuenoe 
of catal^wts arc rev(‘nil>ie; by modifying fclw 
conditions, ])nrtj('ularly of temperaturo, dehydro* 
gonation may take plac'o; thus, oyolio oom- 
pountls may be regenerated from their hydro¬ 
genated diu'ivaliveM, hydrocarbons may be 
degraded, and aldehydes and ketones may bs 
formed from their ros[ioctive primary and 
secondary alcohols. 

Certain chemical sysiotna which lead to the 
liberation of hydrogen arc oamble of acting as 
reducing sagenU when another substanoe Is 
added to them that im capable of being reduced 
TIiuh a sulutiou of potaoHitim chlorate remains 
unaffected when hyurogcu is pwed throimh it. 
but reduction to chloride readily (Moun it rino 
and sulphuric acid are added to the solution. 
9ther BystemH arc furnished by the gUcali 
metals or their amalgams in contact with water, 
which are capable, among other things, of re¬ 
ducing aldehydes and ketence to alcohols ; and 
zinc, iron, or tin, with either hydroohlorio. sul¬ 
phuric, or acetic acid, systems which are capable 
of reducing nitro compounds to amines, &o. 
Hydrogen evolved from such systems the^ore 
appears to possess an activity superior to that 
of the ordinary gas; it is. teumed •MMCee^ 
hydrogen. 

The superior activity possessed bydromn 
at the moment of its liberation is sappopod oy 
some ohemisto to bo due to the fact that the gas 
is liberated in the atomic state, and Li tfaereum 
more capable of entering into chemical leao^klBS 
than JtcT it has assumed the molecular atate, 
since the ooAbination of atoms to UmCk mole¬ 
cules is accompanied by the dwrading of a 
certain amount of energy. That Jhia cammi w 
a full explanation is seen, however, by tiw luk 
that a reduction effected by one lyrtemevohte 
nascent hydrogen U not neoeemmy efeoted 
another system, the system awe tod 
snlphusio add will vsduoe chloiitet to 
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but the extern sodium'amalgam and water 
will not. For evidence for the dissociation of 
hydrogen into atoms at high temperatures, see 
I^gmuir and Mackay (J. Amor, Chera. Soc. 
1914, 36, 1708; I-angmuir, ibid. 1912, 34, 
1310; Freeman, ibid. 1913, 3.'i#927). 

Adsorption of hydrogen by metals. In 1863, 
Dftvillo and Troost (Cf)mtit. rend. 18(5.3, 57, 894) 
observed that rod-hot platinum and iron wore 
permeable to liydrogon. Upon further investi¬ 
gating tliis subject, (Iralittin (Proo. Roy. Soc. 
1867, 15, 223; 18(58, 10, 422 ; 18(59, 17. 212, 
600) found that i>alla<iium possessed this 
property in a much liiglier degree, and, further, 
ne showed tliat there was no ne(Ml to u-ssutno n 
porosity in the slrueture of these nietals to 
account bj/- Ihis phenomenon, but that it was 
due to th(! fact (hat such metals absorb hydro¬ 
gen, yiehling sulwtanees whieli still retain 
metallic lustre and eharacteristic metallic 
properties, but which readily evolve the nb- 
aorwd gtts under altcn'd conditions. To this 
property, Uralmin gave the name ocrhusion. 
it may be studied by placing the metal within 
a porcelain tube. glaz(‘d inside and out, evacu¬ 
ating it by means c)f a mereury jiump and 
heating to redness. Hydrogen is ftien admitted 
and allowed to flow over the metal while it cools. 
Tlic tube is then evacuated again hiuI the 
eontente lieated to redness oneo more, by 
which moans liic occluded hydrogen Is expelled 
from the metal, and may lie pumped oft and 
mcaaured 

Tbo amount of hyilrogen adsorbed dejiendB 
to some extent on the jihpical condition of the 
metal. In one ex]K>rimcnt, a palladium wire 
wa>B found by (tiuliarn to alworh 935 times its 
own volume of liydrogi'ii, Mond, Ramsavi and 
Shields (Phil. Trans. 1895, A. 18(5, (157;' 1897. 
A, 190, 120 ; 1898, A, 191, 105) have sliown that 
palladium Ma(‘k adsorbs at tlio ordinary tein- 
j)erature 873 to 889 volumes of hydrogen, and 
that palladium wire and sponge adsorb a 
similar amount. Amorphous palladium is more 
active than tlie crystalline variety, csjiecially 
at low temi>eratui'(‘H (r/. Holt, Kdgar, and 
Firth, Zeitsen. jjhj-sikal. ('hern. 1913. 82. 513; 
Andiow and Holt, Proe. R<iy. Soc. 1913, [A] 
89, 170; Holt, idem, 1914, [A) IM), 22(5; Firth, 
Cham. Soe. 'Prans. 1920, 171). Palhidmm- 
hydrogen rt'adily evolves hydrogen in a vuouuni, 
t^t prppim’d from the ‘ black ’ at the ordinary 
tempemture, while the substance obtaine<l from 
the foil requires warming to KX)'^. In all eases, 
however, a red heat is required to drive otf the 
last traces of gas. Even at a red heat, however, 
palladium still adsorbs laige quantities of 
hydrogen if the prewuro is sufficiently incroased 
(Dewar, ('hem. Soc. I'roc. 1897? 192 ; Berr}% 
Chom. Soc. Trans. 1911, 99, 463; Sieverts, 
Zeitsch. physikal. Chem. 1914, 88, 103, 451). 
Hydrogen wlucb has been ionised by the action 
of Rdntgen rays or by and y rays from radium 
will not diffuse through a palladium plate at 
the ordinary temperature ^evertX). According 
to Sieverts, Jurisch, and Wtz (Zeitsoh. anorg. 
CSiam. 1915,9.*^. 329) the solubility is proport ional 
to the square root of the pressure and diminishce 
with increasinff temperature. Altboush hydro¬ 
gen ii iwoluble in pore silver, the addition of 
aUVer to paUadhim greatly increases the solu¬ 
bility, xam a miadmom is reached at all tern* 


I peratures at 40 p.c. Ag, beyond which it again 
I falls rapidly. At 138° ait ooniumng 

40 p.o. Ag dissoWes more than four times as 
I much hydrogen as pure palladium, the solubility 
i becoming ml at 70 p.o. Ag. Platinum added to 
! palladium diminishes the solubility. Small 
j quantities of hydrogen sulphide adsorbed by 
: palladium entirely prevent the occlusion of 
; (ivdrogcn by that metal {rf. Maxted, Chem. 
Tran^ 1919, 115. 10,50). 

Palladuiiii readily adsorbs 935 vola. of 
I hydrogen if it is employed as negative electrode 
; m a water voltameter. iShould the electrolysis 
; be continued b(‘yoifd tliis point, the metal 
i becomes ^uperHaturated with gas; the excess 
IS. however, evolved as soon as the current 
: eeasoH ('riioma, Zeitsch. physikal. Chem, 1889, 
3. (59). 

I (V)lloidal palladium anil platinum solutions 
I adsorb liydrogen very readily and in largo 
I amounts {Kernot and Niguesa, Itend. accod. Sci. 
1 Fis. Mat. Napoli, 1909, [iii.J 15, 1(>8). Various 
, other metals, c.g. iron, nickel, cobalt, gold, 
I iridium, and cojiper, also adsorb small quantities 
of Jiydrogen 

1 'he jirocess of occlusion i.s accompanied by 
I an evolution of heat, 4370 calories being evolved 
I per gram of hydrogen occluded ; the thermal 
I effect is the same for each succcflsivo fraction of 
! gas adsorbf^d (Favre, Compt. rend. 1869, 68 , 
j 1306 ; Mond, Ramsay, and Sliiekls, l.c.). 
j The nature of the sulistanoos formed when 
i hydrogen is occluded by met^U has not yet been 
j d<*t(‘rmincd with certainty. Tho metals are 
I unaltered in appearance, and such physical 

■ properties as thermal and electrical conductivity, 
; si>.gr., and tenacity arc only slightly diminished. 
{ Graham was of opinion that no elienhcal union 
' occui’s, but that the hydrogen assumes the BoUd 
' form and acts os a quasi-metal. This adfior]:«d 
I form of liydrogen he proposed to call hydro- 
] gemum, 

\ From tho expansion of alloys of palladinm 
j with platinum, gold, and silver, when charged 
! with hydrogen, (iraham calculated the sp.gr. of 
: hydrogen to be 0’733; subsequent determina* 

■ tions by Hewar gave the figure 0*620, a figure 
whicli does not compare at all with the actual 
sp.gr. of solid hydrogen. 

Troost and fiautefeuillc (Ckimpt. rend. 1874, 
78, (586) U'licved that their experimenta indi¬ 
cated the existence of a definite compound, 
PdjH, whilst Dewar (Chem. News. 1897, 76,274) 
suggested the existence of PdjH,. The fact 
that when fully charged with hydrogen, tba 
composition of palladium-hydrogen approxi¬ 
mates closely to this latter formula is, however, 
almost the only evidence that can be adduced 
in support of the existence of this compound 
(Mona, Ramsay, and Shields, l.c.). The experi¬ 
ments of Hoitsema (Zeitsch. physikal. Chem. 
1695, 17, 1} have shown that wtween 20° and 
200 ^ no definite compounds of palladium and 
hydrogen exist; at constant temperature the 
relationship between the vapour tension of the 
s^'stem palladium-hydrogen and the percental 
' of hydrogen in the solid phase is such, however, 
as ,would be expected if two iMUiiaUy-niiBeible 
solid solutions of hydrewen in the metal an 
formed, the miscibility ot which increases with 
rise of temperature. 

According to HoH, £48^*, and Fifth, tbb 
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actMm ol tlie pidla^um dependi on ite treatmrait. 

conoloae thM the nydipgen easts psftly 
as an adsorbed layer ot htsh preosure remoTable 
by eraouation, and part-ly absorbed and dis- 
triboted iire^pdariy in the mass of the metal. 
In the sorption 4370 cals, per gram hydrogen 
are eTC^ved and the palladium increases about 
10 p,c. in volume. About 92-98 p.c. of the 
hydrogen is evolved at ordinary l<jm|>erature8 
tn oncud, and the expulsion is complete at 440°. 
Under high pressure the hydrogen is retained to 
the extent oi 300 vol«. at 

The specilic electrical conductivity and 
density of palladium livdn^en alloys Save been 
measured by Wolf (/^cit-sch. pliysikal Chem. 
1914, 87, 675). The diffusion of hydrogen 
through a palladium scjitum at U'nip<TatureH 
ranging from 7(>° to 300“ and at pn'ssuros 
between 700 and 100 Him. lui« been incaauri'd 
by Holt (Proc. Roy. Soc. 1915, [AJ 91, 148). 
At these proHfiures the rate of ditlusiori is pro¬ 
portional to the pressure of the gas. At pres- 
Hurce below 100 mni. the jliffusion is much 
slower, and no simple ivlatioii to the pressure can 
be traced. As regards platinum, platinum 
black, made by'mixing noiliiig solutions of 
sodium chloroplatinato with sodium formate, 
is much more active towards hydrogen than 
spongy platinum, absorbing 100 vuls. as against 
1 voL at 0®. 

Tlio meteoric iron of f^'iiarto, containing 
01 p-c. of iron, yields 2'85 times ita volume of 
ocofuded gas, mainly hydrogen (Graham, JVoc. 
Koy. 8ov. 1807, 16, 602). Since under ordinary 
ressure iron absorbs only half its volume of 
ydrogen. this would scorn to show that the 
meteorito has come from an atmospiioro con¬ 
taining hydrogen under a proKsure much greater 
than wat of our own atmosphere, thus affording 
a confirmation of the conclusions drawn from 
Bpoctroecopio observations regarding tho oiist- 
enoe of dense and heated hydrogen atmospheres 
in the sun and fi.xcd stars. 

Atomic weight of hydrogen. This bos bc<m 
determined by measuring the ratio of the com¬ 
bining weights of oxygen and hydrogen. Since 
this ratio is of fundamental importance, a very 
considerable amount of attention has been 
directed towards its accurate measurement. 
The methods used may be grouped under two 
headings: (a) synthesis of water; and (6) deter¬ 
minations of tho relative densities of hydrogen 
and ox^cn. 

(a) The classical mctlioU, lint employed by 
Dulong and Berzelius (1820), and used later 
^ Pumas (Ann. Chim. Phys. 1843, [iii.J 8, 189) 
in bis elaborate series of determinations, con¬ 
sists in reducing heated cupric oxidp in a 
steeam of pure, dry hydrogen, and estimating 
the water produoM and the loos in weight 
experienced 1^ the cupric oxide. Tho result 
obtained by ^mas, viz. H : 0 :: 1 : 16*9607, 
ooRoboratM as it was by the experiments of 
and Harchand (J. pr. Chem. 1842, 26, 
401) was for many yean accepted as the true 
value; but subsequent work has shown that 
this nsult Aviates oonaiderably from the truth, 
and baa numerous sources* of eifor 

in bhe phtw determinattons, The method of 
Pumaa, with various modifications, has been 
tw OiMdm and Btohatde (Amer. Chem. 
J. 10. 01. 191); KeiseO (iM. 1888, 10, 


S49); Koyes (»6^ 1889, 11. 165; 1880, 18. 
441); Dittmar and Henderson (Proo. Roy. 
Soo. Glasgow, 1891. 22, 33), and Leduo (Oompt. 
rend. 18^. 116, 41); their reenlts are girmi 
in the table belc^. 

The syntbesis of water has been effected by 
other methods than the above. In 1889, 
i Rayleigh (Proc. Hoy. Soc. 46. 426) weighed pun 
I hydrogen and oxygen m glass glob^, mixed 
I them and then gradually expUKled tho mixture 
in a cucbonu'UT. Tlie n»i(lual gas was thm 
analysed, and hence the ratio of hydrogen to 
oxygen deU^njined. Tho first complete quan* 
titative Hynthesis of water in which both gasos 
were weighed separaUdy, and afterwarus in 
j combination, is due to Morley (Smithsonian 
! ContributiouH to Knowledge, 1896,* 29). 

; hydrogen was weighed in palladium (a method 
I due to K('iser) and tlie oxygen in compensated 
; glut>cs, afUT tho mantuT of Itognault. After 
: weighing, the goHOs were burned by means of 
: electric sparks in a suitable apiAfatus, from 
j wJilcii the iinbumed residue could to withdrawn 
I for examination. Finally, the apparatus con- 
: taining the water produced was closed by fusion 
, and weighed.' 

■ The syntheses of waU*r by Keisor (Amor. 
(,'hctn. J. 1898, 20, 733) were eficcted by tho 
I dirt^ct oxidation of hydrogen occluded in palla- 
. dium; the hydrognn, oxygen, and water were 
! ail detcTininca. The cx(>cnments recorded in the 
j elaborate investigation by Koyes (J. Amer. 
Chem. Soc. 1907, 29, 1718) wore nerformod 
I partly by this method and jiartly by tno method 
employed in his earlier work {v. supm), A 
novel, but indirect method for measuring the 
ratio of oxygen to hydrogen lias boon ommoyed 
I by Thomsen (i^eitscli. anorg. Chem. 1896,11,14). 


Tho rcisultdl of these 
' in the following table : 

ox|M3rimHnts arc colloctod 

i • -. •■ . 


1 -- 

At. wt. 

1 Experimenter 

Date 

i 

|lUtloO/H 

Of Hyd. 
(0-16) 

Dumas 

1 1842 

16-9807 

1-00246 

1 Hrdmann &, Marchnnd 

I 1842 ' 

I5'97S0 

l-qpl66 

^ Cooke A Richards 

i 1887 

159600 

1-00826 

1 Keiser 

1 1888 

lS'gsi4 

1-00906 

! Noyes 

i 1889 

lfi-896d 

1-00650 

Dittmar A Hcndcisgii 

! 1691 

16-8077 

1-00894 

; Loduc 

1892 

16-8810 

1-00760 

Itayleigh . 

1889 

16-8000 

1-00662 

; Morley 

1895 

16-8790 

100762 

Keiser 

1898 

16-8799 

100166 

, Noyes 

1907 

16-8746 

1-00789 

' Thomsen . 

1695 

16-8690 

1-00826 

__ . *_ 

- - 

. - - 



I Tho weighted mean of these results is 
H=^ 100769 acconling to Clarke (A Recalculn* 

! tion of the Atomic Weights, 3rd edit. 1910. 21^ 
4th ed:L 1920). 

I (6) The ra4io of the densities of oxygen and 
I hydjxvon is, subject to a eorreetion to be SMCK 
I tioned later, equal to the ratio o^ their atoSlIa 
' weights. The first accurate measmemeufei ^ 
these dcDsiiiee were made by Pumas tttd 
Boussinganlt in 1841 (Compt. rend. 1:2, 10G8)j; 
the resiJts obtained four yew later W ftagniHOT 
Uhid, 20, 976) were adopted as stanaud vidata, 
for many yean, and gave for the »tio a VsiMi 
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of 15*9611. The remarkable ofircoment of thi« I 
Ihrure with that deduced from Dumaa’ ayntlicflis ■ 
of water ie only, however, accidental, for in 
1886, A^amennone, and independently, Ray¬ 
leigh in 1 h 88 (Proc. Roy. Soo. 43, 366) pointed 
out a serious error in all proviouR determinations 
of gafifiouH denHiticR, owing to tlie fact that the 
gluRH globcH in wliich the ga«e« are weighed are 
idttstic, and shrink to a ineasurablc extent wlirn 
evaeuatefi. The effect of neglecting to correct 
for this shrinkage is that the a]>j)arent weight, of 
gas is slightly lower t)ian its true value. The 
corrected value for the denHity ratio from 
Regnault’s experiments is lo’UlOo (Crafts. 
Coimit. rend, IHKH, lOH, 1662). 

Tho densities of hydrogen and oxygen have 
been frequently iletcrminod with tlie utmost 
care; r. Rayleigh (Proc Roy. Soc, 18!t2. r>0, 
448); Cooke (Anier. (,'licin. IHK!), 11. 500); 
Leduc (Conipt. renil. IHlil. 113, IHC)); Tliomscii 
(Zeitseh. anorg. ('hem. iKOti, 12. 4) and especially 
Morley (iSniilh-sonian Contributions, 1805). The 
table below summariRes the results olitained :— 


Exiierimentcf 


Dumas & Boussingnult 

Rognauit 

liayleigh , 

Rayleigh 
(Jooko . 

Leduo . 

Morley 

Thomftcn 


Diltt! 

! DcriKify 
ratio U/H 

I»4I 

' in*lM)ir) 

ISIS 


1K8S 

ir>-8Rtll 

18il2 

16'882U 

1KSO 

1 IB'80()0 

ISftl 

in-imiio 

ISII.') 

ifl'H'.wr. 

lS!Ni 

15’8878 


The wcight<‘(l mean is I5'8048 {Clarke, Ir.) 

This result is subject to ii slight correction 
for tho fact that hydrogen and oxygi'n do not 
combine together by volume (‘xiictly initliu ratio 
of two to one; according to Moricy (f.r.), the 
exact ratio is 2t>6274 (e/. Srolt, Phil. I'ruua. 
189.1, 184. 543; liCduc, Coinpt. rend. 1892, 175, 
311 ; Rayleigh, Proc. Roy. Soc. 11H»1. 73. 153). 
Correcting the above mean value for the density 
ratio«in accordance with this re.sult, the ligiifo 
16'8726 is obtained, which leads to tho value 
1*00803 for the utomic weight of hulrogeu on 
the oxygen scale. 

Deienninations of the vdlumctrie coniposi- 
tioo of water by Hurt and Edgar (Phil. Trans. 
1016, [A] 216, 393) gave the volume ratios of 
H to 0 as 2*00288 : 1. From this value, taking 
the normal litre weights of oxygen and hyclrugcn 
as 1*42900 and 0*089873 gram respectively the 
atomic weight of hydnigcn Incomes 1 *00772. 

According to Clarke (l.c.), tho probable mean 
derived from the roeults of methods (a) and (t) 
combined, is I *00772. A review of the 

moot trustwortljy results of tlie various deter¬ 
minations which have been mode slneo the time 
of Berudhu leads llinrichs (Rev. gen.«Chim. 
pure A|i^ 1910, 13, 351) to conslUer 1*0078 as 
the sum probable value. The value at present 
adoptod Is 0^1*0077. 

mMWHopS of hydrogen. Hydrogen is used 
in OQll^pakotion with oxygen for tho production 
ot Uto Drummond or oxy-hydrogou lime light. 

I BW this purpose, tho gasoa are oompressea in 
irtift bMce famished with taps and jets, so that 
tht 7 oao be allowed to escape, end burned as 


required. They are allow’cd to imping© on a 
cylinder of lime wliich is thereby heated to 
whiteness, and gives a light almost equal to the 
electric arc. 

For the autogenous w’clding of metals, the 
working of jilatinum, and the manufacture of 
laboratory utennils and mercury vapour lamps 
from fused (juart/., hydrogen in tho form of the 
oxyhydrogen blowpijKJ flame is used in large 
quuntilicH, although it has here to meet the 
conifx'tition of acetylene, which is cheaper and 
readily obtainable as required from calcium 
carbide, requires less gas, and yields a higher 
tcmpiTatffrc. 

Avlugrnoii.-i .suhlrrhig.—This process is much 
used f<ir uniting tli(“ cdgo.s of the sheets of lead 
whicli arc employed in making ves.sela for tho 
purjio.sc of holding acids. Joigts made in this 
way arc much more durabki than those made 
with Holder. 'I Ik; apjairatus for this purpose is 
made so that liydrogen can be generated at 
pleasure, and wlum not in u.so the pressure of 
gas inside tho apparatu.s lifts the acid out of 
contact with tho zinc. The liydrogen generator 
consists iff a cylindrical copper vosael lined with 
lead ; Ihoro is an ujipor and lower cliamber 
connected by ar ])ino, and they are fitted with 
I arrangemonts which admit of easy renewal of 
acid or zmo and the removal of tho zinc sulphate 
formed. I'lic a^iparatus gives a very constant 
flame, which may be used xvith advantage in 
soldering load in the way which is practised in 
the construction of sulphuric acid chambem. 
Tho hydrogen is delivered from a platinum- 
tipped iioz/ic tiii'ougli which a jet of air also 
iss\i(‘s from a foot bellows; this is effected by 
attaebing the nozzle by means of india-rubber 
tulung to a tuU) which branches out V-shapod 
into two limlis each provided with a stopcock; 
eacii of these liinba Ir provided with an India* 
rubhor tube, one of which is attached to the 
b(‘llow8 and the other to the- delivery tube of the 
hydrogen generator. The oj)erator can, there¬ 
fore, carry the nozzle in liis hand and direct the 
flanio w'hoi’o ho jileascs, and by moans of tho 
Rto}»cock he can readily regulate the supply of 
air or hydrogen. 

The bcHt in’oportion in which to use the gases 
for welding is one ]>art of oxygen and four parts 
of hydrogen: if the amount of oxygen is in¬ 
creased the flame may oxidise tho metal. 

Tungslen lamp3 .—The manufacture of tung¬ 
sten filament lami® n.‘quircs a regular supply of 
hydrogen to prepare the inert atmosphere in 
wliich tho filaments are heated to a high tempera¬ 
ture during the final treatment. It is almost 
the universal custom to employ a mixture of 
tHiual volumes of hydrogen and nitrogen when 
the filaments are electrically heated to whiteneas. 
Since incandescent tungsten filaments are very 
sensitive to oxidation, it is of groat importaaoe 
that the hydrogen employed should be of a high 
degree of purity. The process devised by Lane 
(i*. infra) is freijuently adopted for obtaining the 
gas, since besides preparmg hydrogen, it also 
adiiiiU of nitrogen being collect^ 

Hydrogen far hoZloons.—After ihe publica¬ 
tion by Cavendish of lus reeearohea on Mu- 
flammiblo air,’ Charles, in 1763, soggeeted the 
use of hydrogen for the inflation <rf h^oons. 
Montgolfier h^ daring the same vear, invested 
the balloon whioti ho uflated with rarofied air. 
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lo liTdrogeny howoTer, Chariei recognised » 
much more g^Ubie means of inflation^ ^tfaoogh 
tbe oost vai yery eonalderablo, 500 lbs. of s^- 
pbario acid and twice that amount of iron being 
oonsomed in the inflation of a bailoon about 
13 feet in diameter. A military airship of 
260»000 oubio feet capacity would require 
about 18 tons of iron and 31 tons of sulphuric 
acid. 

The first balloon sent up from Knslish soil, 
on Nov. 25, 1793, woa iiillatcd with hydrogen. 

I In the following year, the Frt'nch (Jovernment 
instituted a series of c*x])crinicnls at Meudon 
under Guyton de M(>rvea\i, (’ontrllo, and I'oiuto, 
with the view of ]x;rf('cting the balloon^or recon¬ 
noitring, Hignallirig, and other warlike purpoKeH, 
For the ])re]>ariition of the hyilrogcn, (luytoii do 
Morvoau siiggcHti'd a method 'invented by 
Ijavoisier, that of jiassing steuin over red-hot 
iron, and a furnace was necuirdingly built, whioK 
after many trials, was capidile of producing suf¬ 
ficient gas to fill a balloon, 27 feet in diameter, 
in 4 hours. This balloon, with one filling, 
remained in use for a month. 

Balloons inilated with hydrogen were used in 
the Amcriciau Civil War in IStil. 'I'lie gas was 
generated from old scraj) iron an<l Hulphuno acid 
in woCiden tanks lined with IcaiL: the apparatus 
was carried from place to iilue(?"n two carts. 

In 1878, (.iiffard marie a gigantic captive Iwil- 
loon for the Tans Kxlubition, Jt wa.s spherical 
in form, 118 feet in diameter, and had a capacity 
of 882,1K)2 cub. feet. To fill tliis great aenul ship 
with hydrogiui gas, IIH) tons of suipburie Held 
and 80 tons of iron wen^ consumed (Jour. United 
Service Inst. 27, 735-758}. 

Hydrogen was also used in the Soudan War 
fur inflating balloons. For this purjiosi*, the gas 
was compressed in strong iron cylinders, 12 feet 
long by 1 foot in diameter; these were for a 
resorvo supply, and weighed half a ton each. A 
gu factory and pumping station w’erc put up. 
To meet first re<iuiruments about BK) lighter 
cylinders, 9 feet long, ami containing 120 feet of 
gas in a compressed condition, were taken out; i 
these were so constructed us to lx*, easily caiTied ■ 
by men. One waggon containing a ton of stores i 
was sufficient for a balloon ascent; a volume of ! 
gas occupying 4,150 feet was suflieient to lift a . 
man l,0(k> yards (Ulus. Nav. and Mil. Gnz. II, 
172). I 

At the present time it is liighly important 
for the maintenance of large dirigible balloons 
to be assured of a regular supply of pure hydro¬ 
gen gas. Minute quantities of impurities, such 
as phosphine and arsine attack the fabric of the 
ba Uoon. The chief drawback to the use of 
hydrogen is its high rate of diffusion, a drawback 
whioh is being minimised bv improvements in 
the manufacture of balloon fabrics. 

Most of the hydrogen now used for inflating 
the gas bags of dirigible ainhifM is produced 
either olectrolytically or by the action of steam 
on r^-hot iron. The former method depends for 
•nooess upon a cheap supply of electrical energy. 
It yidds pure hydrogen and the plant reqalros 
▼ery little attention. 

In the other method as described by Lane 
*(£ng. Pat. 17591, 1909), iron is heated toared- 
BMf in a earrent of steam, and the oxide pro- 
dnoed is redact by heating in a current 8f water- 
ga^ the resulting metal being used again. By 


oarrjring on the reduction prooess in a minber 
ol tne retorta and the preparation ol hydrogen 
simultaneously in the oth^ it is poanUe to 
make the production of hydrogen more or Ims 
continuous. 

The need for rapid convenient methods lor 

E reparing hydrogen (or military purpoeee hae 
id to the introduction of the ‘stbW,* * Aydro- 
Ulhy and ' hytirogeiiiU:' proeeasos for its prepara¬ 
tion. These are due to Jaubert, and are em¬ 
ployed by the French army. In the ‘ siUool ’' 
process fcrnisihuon containing 88-90 p.o. or 
iiiorc of silicon is acted upon by a 35-40 p.o* 
solution of caustic soda at 80'^-80*’. The boat 
of the frcshly-pitiparcd solution is sulfioient to 
start and maintain the iviaction. This method 
was employed by the British navy during the 
recent war. According to Weaver (J. Ind. iSng. 
I'liem. 1928, 12, 232) the process yiel^ the most 
economical results when aliout equal weights 
of sodium hydroxide (as 3U p.o. solution) and 
forrohilicon (88 j>.c. Si) are used. For a charge 
of 383 kg. of ferrosilicon, one half of the sodium, 
hydroxide solution and 28 kg. of forrosiUoun 
art' ]ilacod in the generator (a cylindrioal tank 
8 ft. 8 in. high and 8 ft. diameter), and when 
the temperature roaches 90’, fcrrosiiioon is 
added at the rate of 5*8 kg. i>er minulo ; sodium 
hydroxide is at the same time added continuously 
at such a rate that the temporaiuro remains 
cotiHiani. When all the solution lias been 
lidded, the toinjieiuture is kept at 90° bv the 
introduction of cold water until the solution 
contains about 20 p.c. sodium hydroxide 
(J. boo. (ffiem. Ind. 1920, 39, 403 A). Jn the 
' hydrolith * jirucess, a white crystalline powder 
consisting of calcium hydndu (9^ p.c. pure, the 
remainder being oxide and nitride), is deoom- 
poRod by water. One kilo, of the solid yields 
about 1 cubic metre of hydrogen. The portable 
apparatus used by the French army oan fill an 
army dirigible in 4 hours. Fur speed, con- 
venience^nd reliability, hydrolith is unexcelled, 
but its high oost renders its use almost pro¬ 
hibitive fur private acnmauticu. ‘ Hydrogeuito ’ 
is a com])rcssible powder, consisting of ferro- 
silicon (90-05 p.c. Si) 25 pts., sodium hydroxide 
W pis., and soda lime 20 pts. (Sander, Cham. 
Acit. 1911, 35, 1273); when igidted by a sait- 
able ‘ mat< h,’ it reacts spontaneously, much as 
do thermit mixtures, with the evolution Of 
hydrogen and the production of eodlnm a&d 
calcium Bilioates. The material is hygrosoopic, 
and is sold in a compressed cake in metal oait- 
ridges. One kilo, of substancej^elds from 270 
to 370 litres of hydrogen. (Por the method 
of using the substance for filling balloons, 
u. Jaubert, Hev. g6n. chlm. 13, 341, 367; and 
c/. D. R. P. 218257, 1908.} 

Hydrogen* In ebemlcai industry, Hydrogsa 
for oommercial purposM may be obtaioMl 
eleotrolytioally, or by purely chemical methodiu 
as in the iron contact procoss,^whereby purifUd 
' blue' water-gas, a mixture containing bjdroMa 
and Carbon monoxide, obtained m pasniig 
■team over Seated coke (t>. WATSB-aas) is p aM o d , 
alternatively with steam, over iron oxta*, the ^ 
oxide being continually reduced and oiidtiod^ . 
with the prodncUon of hydrogen and onifbea 
dioxide, wmoh Utter gas is removed by waAIttt 
and abeorption; or as in the Hadlsckn oatnlytw 
process, when the purified * blue ’ wator^i 






i« uiixed with aU'aiii and passed over some 
c&talyiic materia] (os a ])reparatjon of a nickel, 
iron, or chromium salt) dried and heated to 
400®-'500", wiicji Ihc mixture of hydrogen and 
carbon monoKide hmicU with the steam with 
the furmutioii rif more hydrogen and carbon 
dioxide* .* 

Ifj-i-C'O ■|-H,0--2H,-1-C0, 

Water-gas. Steam. Carbon dioxide. 

'I'lu- mixture; of hydrogen and carbon dioxide is 
jHiHscd under presHure througli water whereby 
the (urbon dioxide is absorlied. Or tlie jmnlied 
' l)lue ’ Muter-gas may be Hu}>joetod to a regulated 
(;(»!d and jiressure, as in the Linde-Krank-Caro 
jirtjccss, whereby all its coiiijjom'ntH, with tlie 
exeepfi(m of tin? hydrogen, may be removed by 
hquefaetion {rf. K. K. liideaf, J. Soe. ('hcnl. 
ind. 15)21,^4b, lO’r.). Jfydrogen is now rc(jiiired 
on a largr' scale for Ihe hardening of fats and 
oils {f/.v.) and for the prodiietion of syntiietie 
ammonia (v. ('hkmkal Akfjmtv; 

Utilisation ok Atmosi’iikiik' Nitkookn). 

Triatomlc hydrogen {hi/zonr). A reactive 
modification of hydn>gen lias iieen iirodui'cd bv 
Heveral niethods, all of wlneli arc dejiendent on 
gaw'ous ionisation; (i) by the a-rays from 
radium emanation; (li) by au eleetricul dis¬ 
charge under jiMluml pressure; and (iii) by the 
liigh potential corona at almosphi'ne jircssure. 
This active hydrogen reduces suljihur, arsenie, 
phosphorus, mercury, nitrogen, and both acid 
and alkaline solutions of potassium jKTinnn- 
ganatc. Jt is eomleiisial or destroyed by 
tomjHM'alures about that of liquid air. It is 
very unstable and reverts to tlie ordinary form 
in about u minute. The formation of a jioly- 
atomic molecule is iniiicaUHl by the contraction 
of the hydrogen u hen ionised. Positive ray 
analysis at very low pressures shows a large 
proportion of tnatomie inol(*culc8 responsible 
for the chemical activity. All the iiroperLiea of 
the gas point to its being an ozone form (^^'endt 
and Landauer, J. Amor. Uhem. Soc.il5120, 42, 
930; Chcra. Soc. Abstr. 1920, 118, li. 425). 

HYDROGENIUM v. Hvduoqkn. 

HYDROGEN PEROXIDE. {Symbol H,0^. 
'I'his compound was discovered in 1818 by 
Xhenard. It occurs at times in small quanti¬ 
ties i|i the atmosphere, in dew, in rain, and ih 
enow (SohSne, her. 1874, 7. 1095; ibid. 1893, 
20, 3911; ibid. 1894, 27, 1233; Zeitsch. aiuvl. 
Chem. 1894, 33, 137): but llosva (Tier. 1894, 27, 
920) maintains that the tests used for detecting 
it in these media xvould also be given by the 
oxides of nitrogen, which arc always present. 
It is said to bo contained in many green 
plants (Hach. Compt. rend. 1394. 1(9, 1218; 
Chodal and Bach, W. 1902, 36, 1276, 3943; 
1903, 36. 1760; 1904. 37, 36). It is also con¬ 
tained in solution in the water produced by the 
combustion of hydrogen in oxygen (Schuller and 
B&oh, Compt. rend. 1897, 124, 951 ; Keiscr and 
MoMaster, Amer. Ohem. J. 1908. 39, 96), and in 
thefiames of alcohol, coal gas, ether, and carbon 
disulphide (Englor, Ber. 1990, 33, 1109). • 

Water in contact with oxygen yidlfds hydrogen 
peroxide on exposure to sunlight. When air at 
atmospberio pressure is led through the cathode 
compartmuxt of an electrulviic coll containing, 
1 p.c, sulphuric acid hydrogen jieroxide is formed ' 
at JdM oalhode. With oxygen the amount is 
inopiiiCd and is also increased by increasing , 


, the pressure of the oxygen. Working irith a 
I potential of 2 volts, a current density^ 2 amps, 
j per sq. dcm. and a prosauie of 1()0 atmoa., a 
I 2'7 p.c. peroxide solution can be obtained. 

I 300-400 grams of hydrogen peroxide .can be 
I obtained for each kilowatt-hour. 

' Hydrogen peroxide is formed in small quan- 
lilies in the electrolysis of aqueous solutions 
(Kicliar/., Zeitsch. anorg. Chem. 1903, 37, 76; 
Ber. 15)09, 42, 4674 ; Ricscnfeld and Reinhold, 
ibid. 2977); when a 'i'csla brush discharge, or the 
.silent eleetric discharge is passed through water . 
vapour (Findlay, Zeitsch. Klektrochem. 1906, 

; 12, 129; Nernst, ihul. 1905, 11, 710; Lob, Ber. 
19).)8, 41. 1517 ; Binge and Fischer, ibid. 945); 
during Uiu slow oxidation of many metals, 

; jiarlicularly Ibeir amalgams, in the presence of 
; water (Tniube. Ber. 189:1, 36, 1471 ; Smith, 
Chem. Soo. 'J'rans. 15X){), 481 ; Barnes and 
SVarer, J. Bhy.s. Cliein. 15K)8, 12, 155, 408; 
Rankin, J’roc. Boy. Soe.. 1910, B, 82, 78); 
with zinc amalgam and in the proscnco of an 
alkaline earth a better yield is said to be ob¬ 
tained (1). R. B. 48542 ; J. Soe. Chem. Ind. 
i 1890, 213). 

Jt may be synthesised by the action of the 
silent electric disehargo upon oxy-hydrogen gas 
cooled by liquid air under a pressure of d cm. 

, of mercury (FiRher and Wolf, Ber. 1011, 44, 

^ 2956). A mixture of hydjogcti and oxygen 
' containing oxygon up to 6 p.c. on being subjected 
I to tv silent discharge in a Bcrthelot tube pro- 
; dueod large quantities of hydrogen jieroxide, the 
yield in gome eases being practically 100 p.c. 
'i'hc best yield was obtained under the following 
, conditions : (1) a current strength of 4‘G amps. ■ 
I on the {irnimry of the induction coil; (2) a gas 
! velocity of 400 c.c. j)cr hour; (3) moist gases ; 
(4) a concentration of 3‘5 p.c. oxygon (Wolf, 

; Zeitsch. Elektrochem. 1914, 20, 204). 

Jfydrogen peroxide is also formed under 
i several other circumstances, as, e.g., when 
frcbhiy-ignitcd bone black is moistened with as 
, much water lu it will take up, and exposed to 
, light and air. Even in a few minutes a TOrcep- 
tiblo amount of hydrogen |wrioxide is torm^ 
^(Dingl. poly. J. 256-519). A carbonic oxide 
flame (wlicn the gas has been previously passed 
; through water) is said to produce it in quantity, 
or if burnt in contact with the surface of water 
; the same effect is produced (J. Soc. Chem. Ind. 

; 1884, 496). 

' W^hen turiicutine oil or any other hydro¬ 
carbon containing a terptmo is oxidised by air or 
ozone in the presence of water, hydrogen 
peroxide is formed and passes into solution in 
the water. «ln this way it is possible to prepare 
a solution of two volumes strength, that is to 
say, of such a strength that when fully deoom- 
prised it is capable of yielding twice its own 
volume of oxygen gas (Kingzott, Eng. Pat 
I 12274 ; J. Soc. Chem. Ind. 1898, 691). 
i It is also said to be produced by the oxida- 
I tion of a number of organic compounds, such as 
' urine, ether, &c., in direct sunlight (Richardson, 
Chem. Soc. Trans. 1893, 1)10; ihid. 1896, 1349). 

Prepamlion. —1. By passing a oopians stream 
of well-washed carbon dioxide tbrou^ cooled dis- 
, water to which is added very gradually pure - 
barium peroxide, finely powdered and suspended 
in watoR The cautious addition of the oarivni 
, peroxide is neoessaiy, as an excess of it woaM 
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oa^ decomposition of eny hydrogen per- 
oxida fotmod, wipi ovolution of oxygon and 
lormation of watof. After allowing the gaa to 
pMS some oonaiderabie time, the barium 
carbonate u filtered off, and the solution 
eyaporated *» t«ocu<5 over sulphuric acid until it 
aoqnires a syrupy consistency ; 

Ba0*+C0,-i-H,0 = irg0,-i-BaC08 
(D. R. P. 179771, 17982G ; J. Soc. ('heiu. Ind 
1906. 117). 

2. The preparation is also efTcctYHl by tlio 
decomposition of barium ixroxitlo with hyclm 
fluoric, silicofiunnc, plioMj>honc, Mulphunc, 
borofluoric, or hydrochloric luid, ofa^huh the 
last is to be preferred, owing to its eheapm-KH, 
W'hllst the purest jKToxide is obtained with 
phosphoric or borofluoric acids. 'J’lie barium 
peroxide, which must Im* of tlie purest <|iialitv 
and very finely ground, is made Into a thin 
paste with waU^r, and introduced very gniduallv 
into the acid solution, the temperature of wliuK 
must never exceed l()‘"-lo\ and must be con¬ 
stantly agitated. When the .solution is nearly 
noutrahaed, the liquid is decanted from the 
precipitate, and freed from iron and aluminium 
oxidra by treatment with sodium jihosphate 
solution, then with suilicient iarium jH'roxido 
or waste barium ifxxdo to make thu Uquid 
neutral, lastly witli ammonia, after which it is 
rapidly 2 >umped through a filter press. It is 
then f^'il from ilissolveii baryta by the addition 
of sodium sulphate, ^i’lie jumhI stalilc jsToxide 
is that prepared with phosjilioric acid, and] 
contains a small amount of that acid in the free 
state (Chem. Zeit. 9, 949 anil 97fl ; Ifourgougnon, 
J. Arncr. Chem. Sue. 12, (14; Paw.sitt, J, Soc. 
Chem. Ind. 1902, 229 ; ,src also ling. Pats. 
10470, 3628, 2133.1; J. .Soe. Chem. Ind. 1891, 
482; i6td. 1892, 707; i6e/. 1900, 70). Nitric 
acid has also been cmjiloyed (Kr. Put. 350523; 
J. Soc. Chera. Ind. 1900, .374). 

3. Hydrogen |>oroxido has also boon con* 
veniently, but not so cheaply, prejiared by 
troating sodium peroxide with hydrofluoric or 
hydrochloric acid.-? (U.S. Pat. «92i:i9; J. Soc. 
Chem. Ind. HMi2, 304 ; Forerand, Compt. rend. 
1899, 129, 1246; Merck, Chem. Zentr. 1904, 
ii. 67); and by treating j>ersulj>hates, jiercarbon- 
ates, and perborates, obtained by electrolysis 
of the ordinary acids with dilute acids (Jaubert, 
Chem. Zentr. 1905, ii. 99; J). R. PP. 217538 
217539, 195351, 199958, 179820 ; J. «oc. Chem. 
lad. 1905, 379; 190(5. 321, 379; ibtd. 

1908, 448, 856; 1910, 4H9). 

To obtain hydrogen peroxide from per- 
•alphatos, acid solutiuns of persuljihatos, ub. 
taioed by ejectrolysia, or troating solid per- 
■ulffiiateB with sulphuric acid, are converted on 
wanoing into monopersulpburic acid : 

=H,SOfi + H,80, 

and this into hydrogen peroxide : j 

H,S0j+H,0=H^0,-i-H,0, ! 

The ei^ations must contain a high conooutration ^ 
of lolphune acid (circa 40 p.c.) in order that ! 
H*8gO, may be converted into H,SO,. The ; 
oonoeateticMi most not be too great since Hie 
aofaon is reversible ; in solaUoiu containing over 
58 p.0. H1SO4 the H| 0 , reiom^ A 

certetn stieogui of solphurio add is needed to 
obtain a oonoeatrated ^iillat^ at a fairly rapid 


: rata. The general oonditions afleottiv the 
j ^bilitv fid hydrogen peroxide most be obesrwed. 

I The solution mart not contdn salts of oopper, 
j iron, or manganese, and must be free from 
or organic matter. Traces of platinum derived 
from the electrodes catalvse tne deoompodUon 
of 11 /), in iiresence of HgfeOj 

HjS 0 j + H, 0 ,-H,S 0 ,+H, 0 + 0 | 
Jcuchner (Kng. Pat. 245()7, 1005) removes these 
(11401*8 of ]>latinum by adding aluminium, the 
salts of which have no catalytic influenoe. 

. For the numt successful conditions of distillation, 
str Piotzfich and Adolph, Eng. Pats. 23158 and 
2:5()(50. 

Pcrsulpluitcs (of }K)taaaium and ammonium) 
arc distilled with sulphuric acid, giving H^Og of 
high concentration : • 

K3H,(). + ir,SO,;=;.K,S, 0 ; + H,SO, 

Water is introduced and the IlgOg is distilled 
as fast as birmed ut a high oonci'ntratlon. By 
this mt^ans 96 ]>.o. id the theoretical yMd of 
lljt). from may bo obtained as a 20 p.o. 

solution. On the large scale 1 kilo, of ammonium 
perHulpiuite is said to bo produced by 2*4 kilO' 
watt-hour. Assuming 96 p.o. omcienoy of 
eonvci-sion into HjOj and distillation as aMve, 

] kjlowalt-iioiir prixluees about 60 grams H|Oa 
(Priilcrtux, J. Koc. Chem. Jnd. 1918, 267 R). 

ifydrogen iieroxiile is produced by Cobellis 
(I'.S. Pat. il9.“»56(») by boating a solution of 
ammonium persul^ihutc and bisulphate. The 
process is made continuous by clootrolystng a 
solution of ammonium suljibate at oomparatively 
low tumjM'raturcs to form the per-sa(t, hoaiiog 
under pn-Hsuri' to form sulphate and hydrogen 
jicroxidu which is subsequently distilled off under 
diminished pressure in a current of inert gas' 

! (Reports of the Progress of Applied Chemistry, 

, 1917. ii. 192). ^ ^ 

I Pure aamceritrated solutions of hydrogen 
1 jieroxide have been prepared by the action ol 
; alcohol and dilute sulphurio acid on sodium 
i peroxide in carthcnw'are, glass, or lead veseels at 
; —10". The alcohol is then removed by 
, tion in lYicwd {Dony-H 6 nault, Fr. Pat. 403294; 

I J? Soc. Chem. Ind. 1909, 1314). A mixture of a 
Jicrborute with an equivalent amo un t of a dzj 
! solid organic or inorganic acid, or of a solid 
: acid salt has been prepared, which, on treatment 
i with water, yields hydrogen peroxide (Fr. Patf 
401911 ; J. 80 c. (Jhem. Ind. 1009, 1198). 

Hydrogen peroxide has also been prepamd 
by blowing superheated steam against a boated 
body (Eng. Pat. 20868, 1907; Fr. Pat. 382189, 
1007; D. K. P. 205262, 1908; J. 800 . Chem. 
Ind. 1906, 808; i6id. 1908. 123, 226; Md, 
1909, 140; klschor and Rin^, ^r. 1908, 41 
945), and by blowing moist air against a (^tlh 
or arc disch^e (D. R. PP. 197023 ; 228425; J. 
Soc. Chem. Ind. 1910, 1462). • 

(For other methods, see D. R. P. 185897; 
Boriieisann, Zcitech. anorg. Chem. 34, I; 
Fr. Fat. 371^43; Scheuer and Vemet, 1^ 
Soc. Ind. Mulhouse, 1907, 77, 336; Md. I9O84 
78, 184, 187 ; J. Soc. Cliem. liuh 1010, 1308| 
Fr. Pat. 415361 ; Eng. Pats. 10476, 1913 : ttnL 
1914.) 

CommerciiU byd^en peroxids Is halite td 
contain ^drochloric, snlphotio, ‘ 

and hydrofluoric acids, alumina, bum , joaganli* 



554 HTJ5R0GEN 

iwtinih, and Boila, dcrivi'd frum water or other ; 
materials used in its manufacture, whilat baryta , 
and traocJH uf irniij cupper, lead, and manganese 1 
are svinetimcfl found if it has been carelessly 
made. . , . 

When these last arc present, the product is 
tfderably stable only if it be suIUciently acid, 
though even then it is less stable than in the 
abwnee of these imiiuntiea. 

It is usually sold as of sn many vtilumoa 
Btr^ngth, that is. the unit vulume gives K', 12, 20 
unit rncAHUi'erf of oxygen. 

The conuncieial !i(|ui<l uf so-ealled 10 volume 
or alxMit p.e. strength may be purilied by the 
addition of about ! ]•.<■. <d eoneenticited }>hos- 
phoric. aeid (preferably pure) to preejjiitato iron, 
copper, lea^l, and mangan<*s(“, and }irevi“ni tli<' 
HUbHoiiucnt ffiimation of tlicir [xroxides \shi(b 
would otherwise take place. fSatunitod baryta 
watm- (hot oi cold) is then addeil very gradually, 
until neutrality is reaelied. >Nu exceH,s must be 
uwd or hydialeil HaOj will be jneeipitated, 
which will induee deeoinpoHilion of a portion of 
the hydrogen peroxide. 

The clear liiiuid is now drawn off, and is 
poiireil into an excess of cold .saturatial baryta 
w’liter, when bydrati*d JlaOj is thrown down, and 
IS then wahlual until no metal exee]»t iiurium 
can be detected in the washings. 

'L'iio JiaOg is then suspendoil in water and 
added drop by drop to a solution eoiiHisting of 
»0 parts of ilistilled water to 10 jiarts of pure 
conyentrateii sulphune acid until only traces of 
acid remain Iree ; those aio best removed by 
weak baryta water, for an accidental exci'ss of 
Bftda 'will induce dcoomposition of sonic of the 
already formed hydrogen jK*ri.)Xidc, whilst an 
excess of BaU will have no such effect. Tlio 
barium suliihato is allowed to Bottle, and tiio 
clear liquid drawn olT, if found free from both 
barium and sulphuru' acid. The reBuUing pro¬ 
duct is about 11 p.c. strength, fairly stidilc and of 
groat purity (Mann, ('hem. Zeit. 12, 8o7 ; J. Soc. 
Chom. lud. 1880, 040). 

Ifydrogeii peroxide does not volatilise 
appreciably from its aqueous solutions at oO'^-OO'^. 
T’ne moat iniportaut factor in the decomposition 
is the purity of the water used as solvent, tali- 
water giving a rate which is 60 times that of the 
beat conductivity water, 

The commercial solutioiiB can be concen¬ 
trated to 05-01) p.c. by evaporating in air at 
to 20 p.c. strength, then m to 60- 

56 p.c., after which it is treated with ether, m 
which the iieroxido is readily soluble. 1'he 
ethereal extract is then carefully distilled and 
fractionated in tricu^ (Widffenstein, Ber. 1804, 
27, 3307 ; Staodel, Zeitsch. angew. Cbcm. 11X)2, 
16, 642; Tyrer, U. ; Merck, i.c.) ; also by 
distilling the solutions at a temperature below 
85° in a powerful current of an inert gas (1). K. Ik 
219154). 

The concentrated solution remains liquid at 
—20®, but when immersed in a mixture of ether 
and caxbon dioxide, it crystallifca to a solid 
mass, oonsisting of the anhydrous peroxide. 
Clear eulourleet crystals of the latter can also 
be obtained by introducing a fragment of the 
BoUd into a freshly prepared iW-SO p.c. solution 
at --8V (Stacdfl. /.c.). Hydrogen peroxide 
S^uld be kept in jiarafliu or }>aiauin-linod 
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The decomposition of hydrogen peioxida 
under the influence of heat ip regulated piinob 
pally by the amount of water existing at wh 
instant in the liquid, and follow's a mathematical 
law resulting from this; thus the water acts 
as a catalyst. The physical state of the walls of 
the containing vessels has a marked influence 
un the results (Leinoine, Compt. rend. 1912, 
15.5, 9; Bull. Soc. chim. 1913, 13, 5). 

A nuinbtu’ of sub.Htanci^s have been proposed 
as suitable f<tr increaBing the stability of hydro¬ 
gen peroxide, such as sulphuric or phosphoric 
ueids (Tyrer. rimrm. J. (53, lOO) ; sodium pyro¬ 
phosphate (Eng. Tat. 23(57(5 ; J. Soc. Chem. 
liid. )9lff, 151); organic substanoes such as 
nlcoliol, ether, glycerol, ft:c. (Sanders, Bulk 
, Soc. Ind. Mulhouse, 1897, 95; Freyes, ibid. 97, 
Eng. l*at. 1,')993}; 1 gram pure crystalline 

naphthalene to I litre of solution (Zinno, Bulk 
Soe. Jnd. Mulhouse, 189.5, 78); gallic acid or 
pyrogallol (Arndt, 1). Jk F. 19(53 70); unc or 
Imibitiiric acids (k). U. PF. 21(5203, 203010, J. 
S(^c. Chem. Ind. F.K»8, 1204; ihid. 11K)9. 1314); 
phenaoetin or au amide or irnide. or acetyl 
derivative of an aromatic l>aso*(J. Soo. Chom. 
Ind. 11KM5, 1219); oxuhe acid (Fischer, Pharm, 
Zentr. F.K)7, 48, 57, 70); p-acetylammophcnol 
(Schlangk, Apoth. Zeit. 1911, 2(5, lUG). 

AcetaniUde. has lK*eu found to be fairly 
cflicionl as a prcaervativo. Benzoic and salicylic 
acicli have also been recommended. 

According to Allain (3, Fliarin. Chini. 190(5, 
24, 102) sodium or calcium i hlondo in the 
pro])ortu)n of 1 p.c. arc more ellicient presorva* 
lives for nicdiciiittl hydrogen peroxide than 
Riilpliurie or phosphoric aeidn. 'I’hey arc also 
less objectionable than the latter from a 
thcra])0utic point of vieiv. iSte also Kiugzett 
(J. 8oc. Chem. Ind. 1890, 3). 

trover (Amor. J. I’hiiuu. 1913, 85, 538) has 
studied the influence of various acids and salts 
on the- gradual dccompoHition of hydrogen 
peroxide solutions. Addition of salts of the 
alkali and alkaline-earth metals does not appear 
to have any marked clTcct. OI the acids used, 
l)ho3phoric acid gave the best result at all 
concentrations, but the best preserved solution 
had l(.Ht nearly 30 i).c. in strength after seven 
months. Traces of copper and iron have a very 
deteriorating elicct, but this is prevented to a 
great extent by acetanilide. 

According to Merck (D. R. F. 275499) the 
stability of solutions of hydrogen peroxide, or 
iU solid compounds with carbamide, ammonium 
Bulphat4‘, &c., can be greatly increased, without 
rendering the mixtui'c acid by the addition of 
acyl derivatives of aminohydroxycarboxylic 
acids. The solution should react acid to 
dimethyl yellow and should be kept in brown 
glass bottles (f/. Jensen, Pharm. J. 1920, 87). 

The amount of hydrogen peroxide in an 
aqueous solution may be conveniently deter¬ 
mined by titration wilh a solution of^wtaaoum 
permanganate containing 7*0 grams K3IDO4 per 
litre. 2 c.c. of hydrogen peroxide Bolution 
are introduced into a graduate tube of S6 c.o. 
capacity, 6 or 6 drops of hydrochloric acid an 
added, and then the solution of peimangMiata is 
gradually introduced with constant agitatson 
until the contents of the tube are of a red or 
brownish colour; the quantity of solution is 
then road ofi, ^ 0 . 0 . reprosenti n g 1 p-e* of 
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hjl'drogea peroxide. The reaulU are aocaraie to 
inttin O’l p.c. and oan be obteinod in a few ! 
nimitee ^ (Chem. Zeit 9, 940 and 976). j 

In the preeonoe of persulpbates, however, 
aoonrate reaulta oan only be ootained by using 
a minimum volume of solution, a largo excess of 
•olphurio acid and performing tl^e titration very 
rapidly; for this purpose an excess of 
numganate is added, and the latter is then 
titrated back with sodium tluoHulphat^ (Knend, : 
Chem. 8oc. Trans. 597, »7of/ 1995, 

1367 ; Skrabal and Vacek, ('hem. Zeit. 191U, 54 ; 
Rep. 121). 

If oxalic acid is present, this mu* first bo 
removed (Sisley, J. Soc. Cluun. Ind. liHil, 102S ; 
ibid. 1904, 085; Hoohe, thitl. IW). 

Another and more aecunite method is to 


pangioa —10** to -f20% 0*00107; apedflo heat, 
of liquid 0'579. It ia quite stable if kept at 0^ 
It forms hydrates H^OfiUgO; H|0|u2HtO 
(Woltfeiuitein, l.e. 3311); m.p. —SP (Maass 
and Herzborg, J. Amer. Chem, Soo. 19^, 42, 
2509). 

When heated to the boiling-point of water It 
dccompoBoa with explosive violence Into oxyfmn 
and water, hut when the peroxide or its smu* 
tions arc quite pure it is not so readily dooom* 
jMised Uv heat; the vap<'urs of )iydrogon 
pero.xide are said to ho quite sUible (Wolrfenstela 
Iter. iHiU. 27, ,‘1597 ; Nernst, Zeilseh. physikal. 
Chem. IIHM, -Id. 729). 

Tljo liquul nviiporatcs aliiwly in vacud 
without the residue undergoing any change 
(Tiietiartl). It bh.'aohes organic • colouring 


strongly acidify the solution of hydrogen [kt- 
oxide with sulphurio or hvdrorlilonc aeid, then 
add a solution of ]>ot}issium iodide free from 
iodato, and dotormine tlie ll>dinf^ liberated by 
means of a standard solution of sodium thio¬ 
sulphate (Kingzott, Chem Sor.'I'lan.s. Deeembor, 
18ti0, and The Amiiysi, Isss, 15, (i2 : Hupp,' 
Arch. Pbarm. 258, 159 ; Planes ,1. rharm. Clnm. 
1904, 20, 558; rj. Auger, ('onipt.' rend. 1911, 
152, 712). ' 

Hydrogen peroxide ran also be estimated by ^ 
titrating against ferrous aminoruiiin suljdiate in 
presence of ammonium sulphate and phosphoric 
acid (Mathow'son ami (7ilvin, Amer. C^'liem. J. 
1906, 30, 11.5) ; and hy estimating the quantity 
of arstinioutu aeid it will oxidise to arsemu aetd 
(Grutzner, Arch. I’lmriu. 257, 795; Jumiosou. 
Amer. J. Sci. 1917, 44, l-’M)). 

According to i)e)in the most ra))ul, conve¬ 
nient, and accurate method of estimating hydro¬ 
gen i>oroxid(> i.s to measure tin* volume of oxygen 
evolved when a known quantity of the solution 
is tfcatod with sodium liypobroiiuto in a sjiocial 
apparatus described by him (J. Amor, tdicin. ^ 
Soc. 1007, 20, 1515).’ Tiie folbiwing reaction' 
takes place HgOj | XallrO^-NaBi d H,CrG,. 
By this method the ]»re8ence of ]iro8ervatives 
may be neglected. (For the estimation of the 
peroxide retained by fabrics, .vrc Scheucr and 
Vemot, f.c.) 

To determine the ([uantity of acid present 
in commercial hydrogen |M‘roxido, the beat 
method ia by direct titration in the cold, with 
N/10 sodium hydroxide solution, UHing phenol- I 
phthalein as indicator (Hrowm, J. Ind. Eng. i 
Chem. 1910, 377 ; Endomann. Zoit.sch. angew’. • 
Chem. 1909, 22, 673; Lumng, ibid. l.")49). 1 

Properiies .—Pure anhydrous hydrogen per- ! 
oxide forms colourless pnaraatie crystals of | 
Bp.gr. 1*644, latent heat of fusion 74 cals., specific [ 
heat of solid 0*470; m.p. —2'% b.p. 84'’-85‘'/08 j 
mm., 69*2‘’/26 mm. It forms a syrujiy trans- | 
parent acid liquid, which is colourless in thin ; 
myem, but bluish-green when viewed in bulk | 
(Spring, Chem. Zentr. 189.5, i. 1105). It has 
sp.gr. 1*4584 at 0® (Briihl, Ber. 1895, 28, 2854); 

1 *4633 at O'* (Maass and Hatcher, J. Amer. Chem. 
Soc. 1920, 2548); mean coefiicient of ex- 

> The reaction between hydrogen peroxide and 
potssstom permanganate In scld solntion mav be 
utlHsed^ preparing oxygen gas. In this way a RCMsi 
stream of tolerably pure oxygen may be readily 
prmared. Crystals of the KlfnOi should be placed In 
a woulff'a bottle costaiiUiig 1:9 sulphuric aidd, and 
the S p.e. solution of H«Ot allowed to drop regularly 
Bto the •(dotion from a suitatde Aeervedr. 


mattors, but not so (juit'kly ns ehlorino; when 
brought in contact with the skin it forma a whito 
bliHtor, which, after a time, produces an irHtable, 
itching Hcnsution (WoUTcnstein, l.c.). It u 
ahiioMi insolidile in anhydrous other, but dis¬ 
solves many salts ami attacks glass. Most 
mctalfi cause deooinjioHilion of the pure substance, 
but not always e.\plosivcly. 

One volunir of the cimcentratod solution 
yields at 14'-' and 799 mm. pressure, 476 
volinncM of oxygen, tiie theoretical amount being 
59r.S voliimes fThenanl). The compound ia 
most stable in (lihiUi aquonus solution; when 
the Hoiution is siilijectocl to great cold, part uf 
the water fre<*7.(irt out. 

'rhe hydrogmi atoiuM of liydrogfju noruzido 
may be replac'd by metals or acid radicles yield* 
ingderivatives which rescmblo the corresponding 
eompouiids of water in constitution and pro* 
[lertloH. Sn: D’Ans and Friederiob, Zoitsoh. 
anorg. Chem. 1912, 75, 32.’). 

Hydrogen jieroxidc is a remarkable oxidising 
agent. It oimverts arNenious into arsenic acid, 
ami KulphurouH aeid into Huljiliuric acid; load 
and olliCT suljihides into tho corresponding 
sulphaUi; manganese tnonoxido into dioxide,. 
ana monoxides of iron and cobalt into the 
sesquioxidcB. The momixides of liariuiD, stron¬ 
tium, and calcium arc eonvert<*d by it into thoir 
i^Hjicetivc i«‘roxidcH. The eoncentratod solution 
of hydrogen peroxide acta with violentls on 
selenium, arsenic, molylKiciium, and chromium, 
convert ing them at once into their oxides. 

It decoinposos alkaline copper, silver, and 
bismuth nitrate solution with evolution of 
oxygen and formation uf the motalLic oxide, at 
In the last cose tho hydroxide (Bortholot, Compt* 
rend. IINJI, 152, 897; Moser, ZoiUeb. anorg, 
Ohom. 1999, 60, 53 ; (lutbicr and Bunz. Chem, 
Zentr. 1909, i. 732.). In contact with sodium it 
explodes violqptly. 

Hydrogen peroxide oxidises orsanio sulphides 
into Hulphoxid^os (Gazdar and Hmiies, Chem. Boc« 
Tran.8. 1908, 1833). It also reacts with beoseae 
in presence of ferrous sulpbator forming phendi 
j (You'tff, Chem. 8oc. Proc. 1899, 131), ww with 
1 a'diketonoa,« and generally with sabstaaoss ' 
I possessing a quinonuid structure, and can then* 

I lore be employed for oxidising pheiudto mb' 
i stances like Drazilein and aurin, 6ithoat having 
i to ])rot<*ct tho hydroxyl gnmp by metfa^ttoii 
(Perkin, Chora. Sw. Proc. 1907, Ito). Hydso|^ 
peroxide reacts with a number (rf ojAttni afta* 
folds forming orystallino bases (Fimiad and 
Speyer, Fhacm Zmt. 1007, 52, 115)* AffoOrtki§ 
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to Schaer (Arch. Pharm. 1910, 248, 458), it may : 
be uiHsd as a tost for other alkaloids. A few 
millipmms of the alkaloid to bo tested arc 
added to a moled mixture of the jwroxide and j 
8uli>huric acjd. Quinine gives a lemon or 
canary yellow colour; berberine a cherry red ; 
hydrasLine a cliocolatc; emetine a dark 
orange, aud nicotine a blood-red colour. 

In prencnco of fiTrou.s sulpliate hydrogen 
leroxi'h’ aluo reacts with a number of sugars, 
t)rming i^sones (Cross, lievaii, and Smith, ('hem. 
S<H!. TniiiH. 1K9H, 4011; Morell and Pellars, iIjk/. 
1905, 2H0 ; Cliein. Soc. Ihoe. 11M»2, 5.5; (.'hem. 
News, IIXM, IXb 158). It also reacts with other 
organic com]toundB (Cross, Pevaii, ami Heihcrg, 
(Jhom. S'k:. 1‘roc, 1890, 130; Ifarden, ibid. 158; 
WoHTensiewi, Jb r. 1895, 2H, 1459; licvan and 
Heiberg, ibtd. I'.MHI, 33, 2015; Clover and 
Haughton, Amer. ('hem. .1. 1901. 32, 43). 

Pure liydrogen piToxi<le reacts with potas¬ 
sium cyanide thus : 

KC.NM UjO,.-- KC.\()-f If^tt 
KCM)-1 2K./) -K(Mr,)('()^ 

J'otuHHium formate and ammmiia are also pro- 
duoetl, but if the jieroxide contains acid, then 
oxainide is formed (Masson, Chein. Soc. 'I’nins. 
1907, 1449). 

('lironiu: acid decomposos liydrogen jieroxidc 
in nceordanco with the ecjimlion : 
4H,('r,(>,4"H30;(=^Crj({'r,0;)a-i lllloO 1 51)3 

With potasHiiim yiersuifiluilo it reacts thus : 
HjO™ i K 3 S 3 ()H-= 2 KnS() 4 -l O 3 
an unstahlo interinediato compound is also 
fonned (Friend, C'hem. Soc. 'J'rau.s. I'.Hiti, 1092). 

With Hudium tliiosulpliato it gives the 
reaction: 

:JNa,SaOad-4H3U3,--^2Xa3S,Oa4-2XaOHH-3HiO 
Na,S, 0 ,-f- 2 Na 0 H + 4H803 = 2 Nu 8 S 044 SlijO 
(WilUtatkT, Bor. 3«, 1831). 

In jiroBcnco of certain solid substancea, os* 
pooially when finely divided, liydrogen neroxide 
undergoes violent decoiupoaition, the substances 
thomat'lvcs wmiaining unchanged (Killippi, ('hem. 
Zentr. 1907, ii. 1890; AntropoS, Zoitsch. phyai* 
kal. fhom. 1908, 02, 513; Kredig and Wilkie 
Biochoin. Zcitach. UK> 8 , ii. 07). This is the case 
*with carbon, many metals, and oxides, and 
iodine {Walton, Zeitsch. phvsikal. Chem. 1904, 
47, 185; Abel, Zeitsch. Elekinsdieiu. UK) 8 . 14, 
689). Gold, ])latinum, and particularly silver, 
act most violently aud evolve great heat. The 
presonce of acids retards this decomposition, 
whilstlho presence of alkalis facilitates it. 

This decomposition is still more readily 
brought about Iw these metals, when in the 
colloidal state (Brcdig and Keitiders, dicm. 
Zentr. 1901, li. 87; Bredig, Zeitsch. physikal. 
Chem. 1899, 31, 258 ; ibid. 1901, 37, 323 ; ibid. 
38, 122 ; Price> and Denning, ibid. 1003, 4G, 
89; Broeaa, ibid. 1909, (M), 102; Spear, J. 
Amer. Chem. Soo. 1008, 30, 195; sre olso^astel 
and Loevenhart, Amcr. Chem. J. 1^3, 20, 663; 
Liebermaniu Ber. 1904, 37, 1519; Br^ig. t&id. 
798; Poppadh, Gau. chim. ital 1907, 37, 
ii. 172). 

Hydrogen peroxide is also decomposed by 
cotoloMs,*^ claw of organic ferments which are 
wideW d^tributed in Ae animal and vegetable 
kingdoms (Senter, Proc. Roy. Soo. 1004,74, SOI; 


Wender, C'hem. Zeit. 1904, 28, 30>, —, —, 
Chem. Zentr. 1905, i. 941 ; Bach, Ber. 1904, 37, 
3785; ibid. 1905, 38, 1878; Laer, Bull Soc. 
chim. Belg. 1900, 19, 337; J. Inst. Brewing, 
1906,12, 313 ; Rywosch, Centr. Bakt. Par. 1907, 
i. 44, 295). 

Hydrogen peroxide also acts as a deoxidising 
agent; thus silver oxide when brought in contact 
with it causes a mutuol decomposition of the 
two compounds AgaG-j-HjOa—H 30 -f- 0 »+Agj, 

' an atom of oxygen is libcrati^d from each com- 
jiuund, and a molecule of free oxygen is thus 
obtained. A similar reaction occurs when by- 
drogi'U ]>«!-oxid(“ and ozone are brought together, 
(.lasrU^O+ 203 (Mulder, Ucc. Irav. chim. 
llHl3, 22, 388 ; Baeycr and Villigcr, Ber. 1902, 
34, 749 ; 2769 ; Inglis, Chem. Soc. Trans. 1903, 

. 1013). 

\ Hydrogen peroxide is reduced by manganese 
dioxide and jiei oxide of lead in presence of an 
, neid, IfoOa t MnO^-^.MiiO + Oa i-IKO. 

Alkaline nK'ieury salts arc reduced to the 
metallic state by hydrogen peroxide (Kolk, 

( liem. Zoit. 1901, 25, 21). Direct sunlight 
neeclmatos the ilecomjiositioii of hydrogen 
ja ixide. The cfTect of hydrogen peroxide on 
a jihotographic plate is similar to that of light, 
and is jirobably duo to the hydrogen peroxide 
vn])our itself, and not to a radiation from it 
(Kusscll, J. Soo. (.'horn. Ind. 1809, 516; Otsuki, 
}hid. lIMri, 575; Precht and Otauki, ibid. 290; 
Dony-Henault, ibid. 1!H)4, 138; Graetz, Chem. 
Zi'iitr. UM14, ii. 1561 ; Dony-Henault, ibid. 1906, 
11 . 2(>3; Bull. Soc. chim. Belg. 1008, 22, 224 5 
Soelaml, Ann. Physik. 11H)8, [iv.) 26, 899).' 

Jlydrogeu jicroxido forms molecular coih- 
potiiidN with certain inorganic and organic salts 
HI which it Rfipcars to play the same part as 
water of crystallisation (Tanatar, Chem. Zeit. 
)9(M,25; Rep. 326 ; J. Rub.s. Phys. Ch^m. Soc. 
1908, 4(», 376; Staedcl, l.r.. ; Jones and Carroll, 
Amer. Chem. J. 1902, 28, 284 ; WillaUtter, Ber. 
1903, 30, 1828; De Forerand, Coinpt. rend. 
m2, 134. 601). 

An acidified solution of potassium dichro- 
inate in presence of hydrogen j^eroxide gives 
rise tn an unstable eomfiination of chromic acid 
and the dioxide ; this, on mixing with ether, can 
be extracted from the. aqueous solution,Impart¬ 
ing to it a beautiful and characteristic blue 
colour. 

A solution of guaiacum mixed with a small 
amount of blood gives a liluc coloration on 
addition of hydrogen peroxide. This is a deli¬ 
cate test for the coinpoumi, and serves also as a 
test for blood. 

Hydrogen peroxide g^vos a blue-green 
coloration with an aleohoHc solution of guaiaool 
ami sulphunc acid, and an intense yellow colour 
with A solution of quinine sulphate in oonoen- 
trated sulphuric acid (Denigds, Pharm. J. 1999, 
;July3l8t). 

in the presence of hydrogen peroxide, 
. chlorates, bromates, iodatos, phosphates, sul¬ 
phates, hypochlorites, also BUts of organic 
i acids, give a yellow-green coloration with 
\ 1 p.c. guaiacol solution. On addition of hydro- 
1 chlsric or sulphuric acid the colour chuges 
; to red ^audrtm, Compt. rend. 1906, 141, 891). 

. Solutiou of vani^o and titanic acids are turned 
brown or red by tbe peroxide, and witii a miztim 
of potassiaxn ohlon.te and aniline in the presenoe 
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ol Mid a yiolet ocdoor is formed after a diort 
^me (Baoh, Compk raid. 1894, ItD, 1218); If 
dimetlbylaniline u uaed ingtead of onilino, a 

r itlow colour is formed. By the latter reaction 
part of peroxide in 5,000,(KK) can dotectod. | 
When hydrogen peroxide ia ndded to a solu- | 
tion of potoeaium iodide, even in prosenoe of 
ferrous Bulphatc or copjxiir sulphate, iodine is set 
free, which may bo shown by the coloratioti of 
starch. Hydrogen peroxide is the only com¬ 
pound known which can liberate iodine in pre¬ 
sence of ferrous sulphate (r/. Traube, Bcr. 1884, 
17, 1062), 1 part in 25,000,000 can thus bo 
detected. ^ 

Tartaric acid added to hydrogen jKToxide in , 
presence of a ferrous salt giv'cs on the addition 
of caustio alkali a violet coloration, due to the 
prodiiclinn of a feme coinjiourul i)f deiixytartaric 
acid. 

A very delicate reagent for hy<lrogon per- 
oxide has been suggested by ('hantschkoff 
(Chom. Zeit. lOKi, 5-I, 50). It consists of tlic 
pinkish-red ca>l)alt sails of the naphthenic aeids 
obtained from the waste liquors from the refining 
of petroleum with alkali. A strip of filter jtQper 
is dipped into a yiotrolcnm s<»IuLion of the 
cobalt salt, and, after drying, is inoiMtcnetl 
w'ith the liquid to be tested. If the {)eroxi<le is 
present the colour changes immediately to olive- 
green. Ozone does not give this reaction. 

An ammoniacal silver nitrate solutitTn gives a 
charaoteristic grey onalcseenco or precipitate 
with hydrogen peroxide {von Sobbe, Chem. Zeit. 
1911. 35, 808). 

For other U'sts, nee Oeniges (Bull. Soc. chlm. ! 
1890, 797); Aloy {ibid. 1902. 27, 734); Freolit ; 
and Otsuki (Zeitsek. physikul. Chem. 1005, 52, i 
236). 

Technical applications. —Moistened lead sul- ; 
phide in eontact with hydrogen jieroxidc is i 
quicUy*^}xidiscd to lead sulphate. This fact 
has led to the employment of hydrogen |Xt- ! 
oxide as a picture, rejttorer. The jiainting dark- , 
ened by age or by ex]x>suro to air containing | 
sulphuretted Jiydrogcn, owing to the white lead j 
employed as body colour being partially con- I 
verted into lead sulphide, after careful treatment 
with an aqueous solution of the peroxide is i 
found to bo greatly improved in colour from the | 
oxidation of the sulphide to the white sulphate, i 
Dilute solutions of hydrogen peroxide mixed ' 
oooadonally with nitric acid, are also used as ' 
‘ anricome,’ ‘ golden hair water,’ &c., for imjiart- i 
ing a light colour to the hair (Schriitter, Ber. 
1874, 7, 980; Lange, Dingl. poly. J. 1886, , 
259, 196). I 

It is also employed for removing the last . 
traces of chlorine from vegetable fibres which { 
have been ble%ched with the latter, and to remove I 
the last traces of sulphur dioxide from bleached ' 
wool and silk. I 

Hydrogen peroxide may be used for bleaching j 
in many cases where other agents, such as 
powder, sulphurous acid, chlorine, 
wonU be injurious. It is particularly valuable 
for bleaching ostrich feathers, bones, ivory, silk, 
wool, gcLitin, straw, hair, parchment, wood, 
oott^ teeth, &o. ^ 

The advanta^ of wring bydromn peronde 
M a i^eaeluag agent, particui^y mr wnol, are 
be the fo^wing: a purer white can 
be ciHidned; tiie fibres are ^t tendered by it 
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to the same extent as by the iulphur bleach; the 
w’ool, after bleaching, aoes not tom y^ow, doee 
not emit an unpleasant odour when in contact 
with perspiration, and purer tones and mors even 
colours can be obtains on dyeing the bleadied 
wool. It in also stated to be more oonvenieot 
to uso, more pleasant for the w'orkpeople, and 
loss cornwivo on the inaehinery. With oare, 
the process, moretivor, netHl not be much more 
('xjKinsivc than with the older bleaches, and it 
is now used very cxteiiaively and with good 
results, both in Kngland and on the Continent 
(Waehtel, KarlsT-Zeit. IfHK), 11, 268; Russell, 
I’rof. Hoy. Soo. 1S0S», 64, 409). 

In thc< case of aool the H(M>ured article is first 
soaked thoroughly in a dilute solution of sodium 
silicate (2 Ib'i. to 10 gallons). Aftos saturation 
the wool IS wrung out and plactnl in the ])eroxide 
hath, aliich is prepared by adtling 3^ gallons of 
10 volume |>eroxi(Jc Itp 0^ gallons of water in ’ 
whicli ^ lb. of sodium silicate has boon dissolved. 
The wool j.s kepi in the hath for about 24 hours 
(or a shorter or Iong<'r interval do}>ouding on the 
quality of the wool and on the wnitenMS 
! (lesinMl) at 89"K. Occasionally the wool is 
turncil over, and the solution tested whether 
it is alkaline, whirh it must )>n for satisfactory 
results. It is then pressed through a wringing 
mai’hine and dried at a lempcTature of i5®--l7®C., 

, and preferably in the sunlight. When quito dry 
the wool is well washed and redriod (Fawsitt, 

J. Noc. ('hem. Ind. 1962. 220; Luttringhaus, 

; Kiirher-Zuit. 1961, 12, 328; Dommergne, Rev. 
('him. Inch 1896, 7, 73). 

With slight modifieations this nrooem is also 
applionhlc to cotton, straw and sUk, but for the 
two last, the peroxide solution is made un of ' 
1 part 16 volumes [HToxidn to 2 of water, and for 
every 16 volumes of ])eroxide, 4 ozs, of eodiom 
silicate are emiiloycd (Fawsitt, Ic. i Koocblln, J. 
Son. ('hem. Inn. JK99, 1119). In the cose of irilk 
the biithtinay bo made strongly alkaline with, 
caustic soda from the lioginning of the prooeas. 

Bone and ivory are first cleansed oy treat- 
ment with light iietroleum, ammonia or other 
solvent; tlicy arc then immersed in a bath ooiU 
ining 1 of 10 volumcw peroxide to 2 of water 
adc slightly alkaline with ammonia. FeiCthera 
are bleached similarly, but are washed after 
bleaching with a dilute s^dution of sulphuxlo* 
acid. 

On a small scale lace can be bleached con¬ 
veniently in the following way: The matmfal, 
after being moistened with water, is immersed 
in a solution of fiotaasium 7 )ermangaaate for 
a few minutes. It is then rinsed and tmatad 
for about 10 minutes with a very dilute aoln- 
tion of hydit^en peroxide, after which ii ia 
treated with acid to remove the manganoM 
oxide formed in the previous operation (Toomai^ 

J. Soc. Chem. Ind. 1900, 734). 

For bleaching delicate materials the hydrogan 
peroxide should not be too strong; a nlaUim 
^of 1 in*10 is strong enough, and ablaanfaing vafi 
'of this Bolut^ may be used for a Img tine 
if the strength be kept up by fcodi aduUtbmi 
of hydrogen peroxide. In bleaeUiig dead hifir# 
it is first digested for 12 boors in a eotatioft d ' 
3 parts of ammonium carbonate in 109 d mtor 
at a temperature of 30^0., rinsed, 
with soap and treated with aramooinm eaihonitS' 
until all fatty matter is removed TInu : 
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it i« treated in a bath of hydrogen peroxide and 
water m in the first case. , 

IfvtlroK®^ peroxide has been used for tanning 
leatlior, also to disinfeet hides that have been 
long stored, and to preserve extracts of tanning 
malorials (Gdhring, J. Soc. Chem. Ind. 1890, 
84). Jt has also been recommended for use in 
phf)tograj)hic processes (Smith, J. 1873, 1131 ; 
UroH, ]). K. 1>P. 147131; 1.53769;^ 1583()8; 
OtMuki, l.c. ; liiippo Cramer, Chem. Zeit. HK)2, 
2(;, Kep. 292. 339 ; Ebert, ^hul. 27, Rep. 152). 

Medicinal and tturqieal apphcaiumH .—As an 
antiseptic and disinfectant it has the advanLage 
of (1) being odourless; (2) yielding oxygen 
without leaving any rosiduuni but pure water; 
(3) abseneo of injurious influence on tlie organiKjn. 

The jwitisojitic prf)perti(!a of hydrogen 
peroxide solution w(‘rc first brouglit into notice 
by Uielmrdaon in 18t>t>. They were also studied 
hv Kingzett, and HiibsKiuently by I’aul Rcrt and 
Itegnard (('onijit. rend. 1KH2, 94, 138.3). 

it is used in the treatment of syijliilitic and 
Hcrofulous sores, alveolar ubscesaes. and jmrulent 
discharges. Jt is also of great value in cases of 
purulent discharge from the conjunctiva, and 
it is particularly ellicient for destroying dijihlhc- 
ritio mombranoB. 

Its behaviour is that of a jiou crful oxidisuig 
agent, but on healthy skin its action is slow. 
In oontai't M’ith fistnioufl wounds or pus it is 
rapidly decomposed with efiervcHcencc, which 
coutinnoH till the wound is cleansed or liie 
diseiiHetl seerelion is dcHtroyed {Kingzett, J. 
Soc. ('hem. Ind. 1899, 3 ; Raneth, Clumi. /entr. : 
1800, 174 ; Schmidt, \bid. it. 143 ; Juubert, i 
ibid. ii. 99). 

Hydnigen jieroxide may bo used to 
bloacn discoloured loeth. In eases where tlio 
teeth covered with coloured matter {Lichen 
dtnktUs, &o.) peroxide of hydrogen in conjunc¬ 
tion with finely levigated jiumico-stono may 
bo employed in plaeo of water, L suitable i 
liquid !or cleansing the teeth and mouth is 
prepared by mixing 1 part of 3 p.e. peroxide 
of hydrogen with 9 parte of water ((^hcm. News, 
45, 71 ; and ('b. Trade d. April 14, 188S). 

It has lK*en propixsed to use mixtures of j 
hydn>gen jieroxUle containing starch, cooked br : 
in viscid solution, with anhytlmus calcium ' 
sulphate as dentritices, the starch ]>rt‘venting loss 
of oxygen from the oxide and the latter pre¬ 
serving the starch from putrefaction (Queissier, 
Fr. Pat. 381024, 1907; J. Soe. Chem. Ind. 
1908. 226). 

Hydrogen peroxide has the jiowcr of freeing 
w’ater from living organisms, a property which 
has been utilisod in browing. It also destroys 
the acid and mould fermeuta in the wort, and 
has been used in sterilising casks and filter pulp. 
In stronger doses it destroys the alcoholic ferment 
and 8to{>8 fermentation {0. Keieeubichler, (Jhcra. 
News, 56, 219Miquel, Monit. Sclent. 1884, (3] 
14, 170 ; Chodat and Bach, Bor. 1002, 35, 1275 ; 
Loew, i6»d. 2487 ; Bonjean, (^ompt. reird. 1005, 
140, ^ : I^oer, J. Tnst, Brewing, 1909, 15, 553). 

Altenhfifer has recommended hjil^en per¬ 
oxide at a' disinfectant for drinking water 
(Zentr. Bakteriol and Par&sitonkde, 1890, 
120; Kfiiter, Chem. Zentr. 1880, i. 411; 1891, 
ii. 272 180^ i, 948; but see also Goonnont, 

Nagier, and Rc»ehaix» Compt. rend. 1010, 150, 
14^). 


Hydrogen peroxide is one of the chief con¬ 
stituents of ‘Sanitas,’ which«U a solution of the 
products of oxidation of turpentine oil in the 
presence of water and air (Kingzett). 

It has been tried with success in tlie pre- 
I sorvation of beer; after a month the taste and 
! aroma of the beer remained good (Weingaitner, 

; Bied. Zentr. 1884, 428). 

i Hydrogen peroxide has been suggested as a 
I useful and iuirmiess preservative of milk (Jablin 
1 and Gounct, Ann. Chira. anal. 1001. 6, 129; J. 

I Soc. (,'hcm. lad. 1902, 420; ibid. 1905, 1184; 
i J'r. J*at. 35.5.547 ; Amberg, J. Biol. Chem. New 
I York, 19|H1. 1 . 219). 

I'd test milk for hydrogen peroxide, 10 drops 
of a 2 p.c. alcoholic solution of benzidine and 
a few drops i)f noetic acid are added to 10 c.o. of 
(he milk. If hy<lrogon peroxide is present a 
blue coloration appears. The peroxide can be 
detected in this way in other liquids if a little 
milk Kcruni is added (Wilkinson and Peters, 
Zeitsch. Nahr. (huiussm. 1908, 10, 172, 515, 589 ; 
fur other tests, mcc Fedcr, ibul. 15, 234 ; Arnold 
and Mentzel, dtuL 1903, 0, 30.5). 

Hydrogen jiero.xido is used in the laboratory 
in the valuation of blcaching-powdor, the* 
jiriueiple deyiending upon the fact that hypo¬ 
chlorites, wdien mixed with hydrogen peroxide, 

I instantly evolve all their oxygon, at the same 
j time liberating the oxygon of the peroxide (J. 
Soe. Chem. Ind. 1887, 391). Jt is also employed 
^ m e.stiniating the amount of aciivo oxygen in 
potasBium jicnnanganate and in manganese 
dioxide (SohloHsberg, Zeitsch. anal. Chem. 1902, 
41, 735; Carnot, Compt. rend. 1893, UG, 1295). 
The amount of sulphur in Bulphi<lc8 is also 
determined by first oxidising to sulphate and 
then proceeding as usual (G. Lunge, Ber. 18# 
1872 ; Hcc also Baumann, Zeitsch. angow. Chem. 
18iKb 72; Talbot and Moody, J. Soo. Chem. 
Jnd. 189.3, 780). 

Hydrogen peroxide has been employed in 
the separation of a number of metals from oxte 
another (Rose, Bor. 1804, 27, 2227 ; Lesinskyt 
ibid. 1893, 20, 1490, 2331. 2908 ; Jannasoh and 
Rbttgon, Zoitsch. unorg. Chem. 1896, 8, 202; 
Friediieim and Bruhl, Zeitsch. anal. Chem. 1890, 
38, 681 )■ Also for the separation of the halogens 
(Jannasch and Ziiumermann, Ber. 1906, 30, 
190, 3655). and for separating vanadium from 
ores and slags (Fr. Pat. 357397 ; J. Soo. Clhem. 

: Jnd. JW6, 72). 

I Hydrogen peroxide has also been used as a 
I solvent for Indian gum (Bull. Soc. Ind. MuJhouse, 

I J894, 36), but its use in the estimation of the 
quantity of flour in a mixture of the latter with 
bran, is considered to be untrustworthy by 
, Bremer (Zeitsch. Nahr. (jennwna. 1906, 11, 

I 669). 

Hydrogen peroxide bos been employed with 
success in determining the amount cn smphur in 
coal ga& The solution xu^ for this purpose 
consists of the commeroial product diluted to a 
1 p.c. solution. This solution is run into tiie 
j Referees' ' apparatus,’ through which the ooal 
I gas passes at a measurable rate, and the sol* 

I phurous acid gas in it is oxidised to snlfdiurio 
i ac^d SO,+H|Oc»SO«H,. The amount ol sol- 
' phor is tiiien determined by titration or predpl- 
I tation^J. Soo. Chem. Ind. 1887, 285). 

Bigger oridu of Apdrapea.—The oxidst 
and H|0( have "voea d esc ri b e d (Badi« 
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Ber. 1900, 33, 1500, 3111; ibid. 1902. 35, 158; 
Uottbelot, ComptSend. 1900, 131, G37), but it 
is doubtful whctbor they roally exist (Armstrong, 
Chom. Soc. Proc. 1900, i34 ; ^msay, (‘hem. Soc. 
Trans. 1901, 1324 ; fiee also Bac^vr and Villigcr, 
1900, 33, 2488; Clover, Amor. (’hem. J. 1903, 
24, 463 ; Briihl, Chom. Zentr. 1896, i. 86 ; Nagel, 
Pharm. Zeit. 1898, 43. 556). Ku-stnor (J. 1820, 
472) doscribod a suboridc, but ita existence 1ms 
not been oonfinued. 

HYDROGEN SULPHIDES f. Sui.rifi k. 

HYDROHJEMATITE t. Ti kuiik. 

HYDROLITES r. Aqatk. 

HYDROLYSIS. The term hyd. 


the aooond type wo have ferrio oHloride and 
euprio sulphate, wdiiuh are derived reepeotively 
from the foobh* bases, foriio hydroxide and 
ouprio hydroxide. 1'he aqueous solutions of 
such salts invariably give an acid reaction. 
The hydrolysiH may bo reprewnte»l by means 
of the equations: 

FoCI, + H On Fc('l,'01I + HCl 

or even Fc('l,4 ;iH (»lI ^ Fe(OH),+3HC1 
and CuSO, |-2U'OfI«Jj (:u(OH),+H,SO, 

I Willi modorutoly concontraU'd solutions baalo 
rlysis (or i PcCli'Oll are almost corUinly formed, 

hydrolytic dissociation) is given to'a nunilier of solution that (he 

different chemical reactions, all of which o<jnsiHt ; IinKc^cd to the formation of the 

in the addition of water to a cnmnlex, and the ; motalho hydroxide, uml even when is 

subsequent reaolnlion nf the I'roduct mt<M 
simpler 8ub.stanceji. 

oomo of the best-known (y|M-s of hydrolysis 
arc those (*f metallic .salts, esters, acid chloride.'*, 
amides, &c., (^r generally acyl derivatives, 

complex carbohydrati'H, ami gliuio.sides, and 
finally, poly})ej)lideH and jirolems. 

• 1. Hydrolysis of salts. 'J'lie hydrolysiH of a 

salt by wati'r may bo ropresenliMi by inesns of 
an equation of tlio typo ; 

KCN-I H'OH $ IK'X i KOH 
The reaction is a bulane«'d one, and may bo 
regarded as due to the ineomjdete neutralisation 
of the acid and base from which the salt is 
derived ; in t.crms of the ionic theory the aiud in 
question (H('N) does not yield sunioUmt hydrions 
to combine with the hydroxyl ions of an enuiva- 
lent quantity of the strong base (KOIl). When 
equivalent quantities of a strong neid and a 
►strong base are brought together in aqueous 
solution com])leie neutralisation takes ]>laee, 
and a normal salt with a neutral reaction 
towards common indieators is formed. (Basis 
of methods of acidimetry and alkalimetry.) In 
the cases of sueh salts appreciable hydrolysis 
would not be expected even in dilute solution. 

The following are the common types of salts 
which are hydrolysed by water : (1) salts derived 
from feeble ooids and strong bases; (2) salts 
from strong acids and feoblo bases ; (3) salts from 
feeble aci£ and feeble bases. As examples of 
the first type wo have pfjtassium cyanine and 
sodium phosphate, 

KCN+H OH ^ HCN+KOH 
NajPO^+U OH 2 Na.,lfPU4 + Na(>H 
and even 

Na,HP 04 +H 0H ^ NaH,P 04 +NaOH 
Solutions of such salts invariably have an 
alkaline reaction towards common indicators, 
e.g. litmus, pfaenolpbthalein. The water may 
be regarded as a leoble acid, which, like any 
other feeble acid, liberates a certain amount of 
acid from the salt with which it is brought into j 
contact. In many cases acid salts are first 
formed, e.g. sodium phosphate, sodium oarbon-s 
ate, btft free acid lund free base may be liberated. 

alkaline reaction of the solution can be 
aooovnted for by the fact that the feeble acid, 
or the add salt formed, is iooieed to a flNght 
•xteitt only, whoeas witk moderately dilute 
advtkma the strong base is almost completely 
and thus there is a great excess of 
h yhwyl iods ov«t hydrlond As eiamples of 


soiuluui in tlio form of a colloid. A group of 
I salts which belongs to this typo is that of the 
I salts derivcil from fetdilo t»rgani<5 bases suuh as 
aniline, and from the strong mineral acids, e.g. 

f HOH 5 (',lI., NH, Utr + HCl 

Aiilliuo Aniline 

li.\ ilfoclilorWo. ]i vtlroxhlo. 

f «,0+HCl 

As exam]»leH of tlio thir<l type we have ferric 
phoH]>hat(', aluminium carbonate and sulphide, 
and aniline aeclatc. The hydrolysis in the first 
ca.se U readily shown by washing finely divided 
feme phosphate uitli distilled water, when it 
IS fouml that (ho filtrate is always distlnotiy 
acid, owing to the free phosphoric odd whicn 
has been washed away by the water, and if the 
oiieration is continued nearly pure forric 
hydroxide remains on the filter. In the case 
of the two aluminium salts, they are so readily 
hydrolysi'd that when brouglit into contact 
with water tliey yield the corresponding motallio 
hydroxide, ana the free acids, carbonic acid and 
liydrogem sulphide, which escape and thus 
doBtMy tno Ofjuilibrium. . 

In the CHHo of salt formation w'o may regard 
the water an capable of acting as either a feeble 
base or a fceblo'acid. When in contact with 
oquivulcutH of a strong acid and a feeble base 
tiio water compt^Um with the base for th^ acid, 
and hence ncutrulisaiion is not complete, or, in 
other words, hydrolysis of the salt occurs and 
the feebler the base the greater the degree of 
hydrolysiB. The mechanism of salt bydrolysli 
according to the ionic theory is as follows: In 
aqueous solution the given salt, e.g. potassium 
cyanide is ionised in the ordinary manner Into 
■f — 

K and CN ions, hut water itself is ionised to a 

certain exten^ H^O ^ H fOH,andasbydrogea 
cyanide is a very feeble acid, and theref o re 
ionised to only a very slight extent in aqoeoos 

solution, there is a tendency for the £ lone ci 

the wa^jor to combine with the CN ions from th# 
cyanide, yielding undisaociated HCN, tke reeali If 

that the equilibrium H.O^H-bOH If deftfP3i|»d 
and more moleculee of water are IqwIm^ s. vUi 
thia reeulte in further combinatioii 

4* "• a 

H aad CN iona, and by thia meno* w nMm «£ 

OH om H ipn. la prodnead, mi tkM -'a, 
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alkaline reaction. The changes continue until 
iiUimatoly an equilibrium is established between 
— + + “ 

the KCN, C'N, K, H, OH, IICN, and HjO 
present. Tlip degree of hydrolysis, i.e. tho 
fraction of the salt hydrolysed, cannot be 
detenninod by direct titration of the free acid or 
free base present in tho solution ; the addition ! 
of standard acid to the solution of potasHiuni i 
cyanide would iinTnetliaicly destroy the equili- | 
brium which y)revj(ujsly «i.sled, and more salt ; 
would Ikj hydrolyHcd in order to restore the 
e<}uilil)rium, an<l the y)oint of neutralitv would 
not be rcaebed until acid siifliciont to deconi])OHo ! 
tho salt com])letcly had lu'cn added 'Pho 
methods c-omnionly adopted for determining the 
degree of hyiirolvsis are (cf. Fanner, II. A. Uejiort, 
1001, 240) : I. 'Petennination of the coneentra- 
tion of the free acid or free alkali yiresont in the 
solution of the salt by its catalytic efTect on tho 
hydrolysis of an aqueous solution of ethyl acetal (5 , 
or on the inversion of a solution of cane sugar, 
and then deterniining tin* amount of yiure acid 
or alkali required to produce tiio same effect 
(for acid, r/. Walker, Zeitsch physikal. Chem. 
1H89, 4, 319; for alkali, rf. Shields, IhuL 1H93, 
12, 107 ; also Hrunnr, ifuV/. I!K)0, 32, 133 ; Ley, 
ibid. 1899, 30, 210; ^^'alke^ and Aston, (’liem. 
Soo. Trans. 1895, 07, 570), 2. Determination of , 
the electrical conductivity of the solution 
(Walker, Zcitsch. ydiysikal. riiom. 1889, 4, 333; 
Bredig, ibid. 1894, 13, 313; ]..tmdy, ,1. ('him. 
Phvi. 1907, 5, 574 ; J)enham, (1iein. Soe. Trans 
1908, 93, 41). The molecular oonduetivity of a 
hydrolysed salt of the tyix> aniline hydrochloride 
is matfo up of two quantities ; («) conductivity , 
due to the non-hydrolyscd salt ; (b) conductivity i 
due to the free acid formed on hydrolysis—since 
the free base (aniline) is not un electrolyte. : 
M (I—where M = molecular con- : 
duotivity, x=sdegree of hyilrolysis, t^,=-molc- i 
culor conductivity of non-hydrolysert salt. Tlie 
various quantities in the equation with the ; 
exception of x can he determined and then x 
calculated. 3. By deiorniiniifg the ]>artition 
coeftioiont (Farmer, Chem. Soe. 'Prans. 1991, 79, ! 
863). In the case of aniline hydrochloride the j 
hydnifysi'' of the salt binds !<• the formation of , 
free aniline and hyilroehloric acid, and the , 
concentration of the free base is determined by ■ 
•baking the aqueous solution at n given tetn]>erA- I 
ture with a known volume of benzene, and find- ! 
ing the concentration of tlie aniline in the ' 
boneene layer. Since is always constant , 

(Cg=»conoentration of aniline in lionzono and 
C^q«conc©ntration of aniline in water) for a 
given temperature tho concentration of free ^ 
aniline in the aqueous layer can \>e calculated | 
directly, and thus the degree of hydrolysis ^ 
determined. The assumption is made that the : 
•alt present doeo not affect tho partition co¬ 
efficient to an appreciable extent. 4. By tho 
change in colour produced by a solution Lf the 
hTdrochloride of an organic base on a solution 
oi meth]^ orai^ of known concentration, and 
a oompi^son v this change with that produced 
by the addition of known quantities of hydro¬ 
chloric acid (Veley, Chem. Soo. Trans. 1908, 
9$, 652. kUi, 2)22; 1909, 95, 758; Trans. 
Far. Boo. 1908, 4. 16). 

])fost ctf the methods give only rough approxi¬ 


mations (op. Beveridge, Froo^. Boy. Soo. Edin. 
1909, 29, 64S). A few of th*e results obtained 
are as follows :— 
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Tlio whole question becomes more compli-^ 
cate<l w hen the acid or base fanned by hydrolysis 
is unstable and is transferred into an isomeride 
(psouda-acld or pseuda-base). 

9’ho induence of concentration on hydrolysis 
is given by Gulclberg and M’oago’s law of mass 

action. According b) this =con 8 tant, 

X L.|, 

where represents the concentration (molar) 
of the non-liydrolysed salt, that of the 
acid formed by hydrolysis, and Cj, that of the 
base. If originally 1 gram. mol. of salt was 4 
dissolved in v litres of solution and z gram 
mols. were hydrolysed, then 


l-iT y'f.f. 

V / V r" 


constant, or 


f;fl~r) 


=s constant. 


U is obvious that as r Inercasos, i,(. as the 
concentration is diminished, x, i.c. the degree 
of hydrolysis, must increase in order to keep the 
w’holc expression constant. 

Tho relationshipH are not quite the same 
in the case of a» 8 alt derived from a feeble base 
and a feeble acid, r.g. aniline acetate, 
C,Hj‘NH3-0-C0-CH3+H;O 

^ C,H. NH, OH+CH,€O OH 

If the reaction is represented as taking place 
between tho ions of the salt and the water, 
and the salt is practically completely ionised, 
and the base and acid not appreciably, then 
^Vnt'^-An^^A'^^B^'^onstant, where C^^«conoen- 
tration of tho cation and C.-==concentretion 


of the anion. But C, 


at' 


=C. =Q 


C*a^^Cj^Oiissconstaut, 


'Salt* 

'a 5 


"(;K- 


oonstaot 


where *, a, b are the gram mols. respectively of 
salt, acid, and base in v litres of solotiom Bui 
this expression is independent of v, and hmice 
dilution does not affect the d^^ of hydrolysis. 

Another factor which affects the degree of 
hydrolysia is the addition to the eolutton of 
; one of fne products of hydrohwis, e.g. fkse acid 
or free base. Thus tho hyevolym cf 
hydrochloride in aqneous soloticn can be sfec^lltsd^ 
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Ber. 1900, 33, 1500, 3111; ibid. 1902. 35, 158; 
Uottbelot, ComptSend. 1900, 131, G37), but it 
is doubtful whctbor they roally exist (Armstrong, 
Chom. Soc. Proc. 1900, i34 ; ^msay, (‘hem. Soc. 
Trans. 1901, 1324 ; fiee also Bac^vr and Villigcr, 
1900, 33, 2488; Clover, Amor. (’hem. J. 1903, 
24, 463 ; Briihl, Chom. Zentr. 1896, i. 86 ; Nagel, 
Pharm. Zeit. 1898, 43. 556). Ku-stnor (J. 1820, 
472) doscribod a suboridc, but ita existence 1ms 
not been oonfinued. 
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HYDROLYSIS. The term hyd. 


the aooond type wo have ferrio oHloride and 
euprio sulphate, wdiiuh are derived reepeotively 
from the foobh* bases, foriio hydroxide and 
ouprio hydroxide. 1 'he aqueous solutions of 
such salts invariably give an acid reaction. 
The hydrolysiH may bo reprewnte»l by means 
of the equations: 

FoCI, + H On Fc('l,'01I + HCl 

or even Fc('l,4 ;iH (»lI ^ Fe(OH),+3HC1 
and CuSO, |-2U'OfI«Jj (:u(OH),+H,SO, 

I Willi modorutoly concontraU'd solutions baalo 
rlysis (or i PcCli'Oll are almost corUinly formed, 

hydrolytic dissociation) is given to'a nunilier of solution that (he 

different chemical reactions, all of which o<jnsiHt ; IinKc^cd to the formation of the 

in the addition of water to a cnmnlex, and the ; motalho hydroxide, uml even when is 

subsequent reaolnlion nf the I'roduct mt<M 
simpler 8ub.stanceji. 

oomo of the best-known (y|M-s of hydrolysis 
arc those (*f metallic .salts, esters, acid chloride.'*, 
amides, &c., (^r generally acyl derivatives, 

complex carbohydrati'H, ami gliuio.sides, and 
finally, poly})ej)lideH and jirolems. 

• 1. Hydrolysis of salts. 'J'lie hydrolysiH of a 

salt by wati'r may bo ropresenliMi by inesns of 
an equation of tlio typo ; 

KCN-I H'OH $ IK'X i KOH 
The reaction is a bulane«'d one, and may bo 
regarded as due to the ineomjdete neutralisation 
of the acid and base from which the salt is 
derived ; in t.crms of the ionic theory the aiud in 
question (H('N) does not yield sunioUmt hydrions 
to combine with the hydroxyl ions of an enuiva- 
lent quantity of the strong base (KOIl). When 
equivalent quantities of a strong neid and a 
►strong base are brought together in aqueous 
solution com])leie neutralisation takes ]>laee, 
and a normal salt with a neutral reaction 
towards common indieators is formed. (Basis 
of methods of acidimetry and alkalimetry.) In 
the cases of sueh salts appreciable hydrolysis 
would not be expected even in dilute solution. 

The following are the common types of salts 
which are hydrolysed by water : (1) salts derived 
from feeble ooids and strong bases; (2) salts 
from strong acids and feoblo bases ; (3) salts from 
feeble aci£ and feeble bases. As examples of 
the first type wo have pfjtassium cyanine and 
sodium phosphate, 

KCN+H OH ^ HCN+KOH 
NajPO^+U OH 2 Na.,lfPU4 + Na(>H 
and even 

Na,HP 04 +H 0H ^ NaH,P 04 +NaOH 
Solutions of such salts invariably have an 
alkaline reaction towards common indicators, 
e.g. litmus, pfaenolpbthalein. The water may 
be regarded as a leoble acid, which, like any 
other feeble acid, liberates a certain amount of 
acid from the salt with which it is brought into j 
contact. In many cases acid salts are first 
formed, e.g. sodium phosphate, sodium oarbon-s 
ate, btft free acid lund free base may be liberated. 

alkaline reaction of the solution can be 
aooovnted for by the fact that the feeble acid, 
or the add salt formed, is iooieed to a flNght 
•xteitt only, whoeas witk moderately dilute 
advtkma the strong base is almost completely 
and thus there is a great excess of 
h yhwyl iods ov«t hydrlond As eiamples of 


soiuluui in tlio form of a colloid. A group of 
I salts which belongs to this typo is that of the 
I salts derivcil from fetdilo t»rgani<5 bases suuh as 
aniline, and from the strong mineral acids, e.g. 

f HOH 5 (',lI., NH, Utr + HCl 

Aiilliuo Aniline 

li.\ ilfoclilorWo. ]i vtlroxhlo. 

f «,0+HCl 

As exam]»leH of tlio thir<l type we have ferric 
phoH]>hat(', aluminium carbonate and sulphide, 
and aniline aeclatc. The hydrolysis in the first 
ca.se U readily shown by washing finely divided 
feme phosphate uitli distilled water, when it 
IS fouml that (ho filtrate is always distlnotiy 
acid, owing to the free phosphoric odd whicn 
has been washed away by the water, and if the 
oiieration is continued nearly pure forric 
hydroxide remains on the filter. In the case 
of the two aluminium salts, they are so readily 
hydrolysi'd that when brouglit into contact 
with water tliey yield the corresponding motallio 
hydroxide, ana the free acids, carbonic acid and 
liydrogem sulphide, which escape and thus 
doBtMy tno Ofjuilibrium. . 

In the CHHo of salt formation w'o may regard 
the water an capable of acting as either a feeble 
base or a fceblo'acid. When in contact with 
oquivulcutH of a strong acid and a feeble base 
tiio water compt^Um with the base for th^ acid, 
and hence ncutrulisaiion is not complete, or, in 
other words, hydrolysis of the salt occurs and 
the feebler the base the greater the degree of 
hydrolysiB. The mechanism of salt bydrolysli 
according to the ionic theory is as follows: In 
aqueous solution the given salt, e.g. potassium 
cyanide is ionised in the ordinary manner Into 
■f — 

K and CN ions, hut water itself is ionised to a 

certain exten^ H^O ^ H fOH,andasbydrogea 
cyanide is a very feeble acid, and theref o re 
ionised to only a very slight extent in aqoeoos 

solution, there is a tendency for the £ lone ci 

the wa^jor to combine with the CN ions from th# 
cyanide, yielding undisaociated HCN, tke reeali If 

that the equilibrium H.O^H-bOH If deftfP3i|»d 
and more moleculee of water are IqwIm^ s. vUi 
thia reeulte in further combinatioii 

4* "• a 

H aad CN iona, and by thia meno* w nMm «£ 

OH om H ipn. la prodnead, mi tkM -'a, 



HYDROLYBIS. 


662 


of the ethyl eaters of propionic, acrylic, butyric, 
crotonio, ^o-pbonylpropionic, and cinnamic 
acids with dilute hydrochloric acid at 20 ®. 
Williams and .Sudborough (Chem. Soc. Trans. 
1012, iOi, 412) show that the rate of hydrolysis 
of the ctliyl ester of an a/3 unsaturatod comi>arod 
witli the rate for the corresponding saturated 
acid is about 1 : .‘10. The dilTerfnc.e is, however, 
not nearly so marked when an alkali (barium 
hydroxide) is used as hydrolysing agent. 

'I'ho majority of chemists are of ()))inion that 
the process of hydrolysis consists first of all in 
the formation of an additive compounrl between 

Am 

the ester and the waU-r, e. 7 . It'C OH {rp. 

OKt 

KstcHKcation), and tht' subsequent breaking up 
of this int() acid and alcohol. 'I'he manner in 
which the complex di.ssoiaafes, v.<j. into water 
and ester, or into alcohol and acid, will depend 
largely on the relative amounts of water and 
alcohol present. A view put forward by 
Stieglitz, and supported by many ciliemists 
(cp. Aerce and Johnson, Anier. ('hem. .1. ltK)7, 
118, 335), is that the ester, being a feeble base, 
combines with tho strong mitK'ral acid used as 
catalyst, forming a salt, c.f/. ]t’('Oal£t,H('l, only 
Hinnll amounts such salts wouhl be formed, 
as the liase is an extremely feeble one. The 
salt would be ionised in tlio usual manner into 
— + 

(’1 ions ami complex cations R-('()jKl,H. It is 
these complex eatious wliieli then react mHIi the 
water and underg<j hydrolysis 

R'C<;aEt.lH ]r,0-=U-Ct),I£ l-lCtOll i-H 
and the assumption has to l>c imule that the 
hydrolysis of the complex cations ])rocee(lw more 
rapidly than tho hydrolysis of the ester molecules. 
Tho view that it is the enmiilox ration and not 
tho unionised salt (ester hydroohloftde) whieh 
reacts with tho water is supported by the fact 
that the rate of hydrolysis is dirortfy propor¬ 
tional to the concentration of the mineral acid, 
i.e, to the concentration of the hydrion and not to 
the square of the concentration of tlic hydripn. 

The hydrolysis of an ester by means of an 
alkali hydroxide can lx* roin'esonted by an 
equation of the t}q>e : 


with water, provided tho alyohol is a oompara* 
tivcly simple nionohydric one; (6) extracted 
with ether if the alcohol is complex and is not 
readily volatile. To obtain the acid tho alkaline 
solute left after treatment (a) or (6) is acidified 
with hydrochloric acid, when the organic acid 
is directly prcelpitatcd if it is sparingly soluble 
in water, or can bo extracted with ether if 
soluble in water. 

An alcoholic solution of jwtassium hydroxide 
is Hornetimes used for hydrolysing purposes, 
cHjieeially when the ester is practically insoluble 
in water. 

'I’lu^ Sice. )nii)osition of esters by alkaline 
liy<lr.).\ule sDlutions in the basis for the usual 
methods for tlie inanufacluro of hard and soft 
soaj)s (srr Soap ; Sapiinifiwtion), and hence a 
eoinmon name for the jiroeess ia ‘ su]X)nifiC<i- 
lion' Tile eominon fats aie glyceryl esters of 
luonobasie aculs t)f liigli niolccular weight, more 
es 2 )ecially of j)alniitic, stearic, and oleic acids, 
,‘ui<l (ui saponification yield the trihydric alcohol 
glycerol and the S(.)dium or potassium salts of 
the acids, /-.(■/. 

-C3lU(OH)3 + 3('i:H3,-tX)ONa 

Anderson and Hroivn (J. Phya. ('hem. ilUO, 
20, 10.">) have studied the velocity of saponifica¬ 
tion of various fats in different media; they 
find that the vehx'ity is praetically indejiendent 
of the inoh'eular weight of the fat, but varies 
consiiierabiv willi the solvent and of the three 
uhimI, namely, methyl, ethyl, and amyl alcohols, 
is greatest in amyl nleolud. 

The Hiiponilication of fat oei'iirM in stages and 
if insufliciviit alkali is useil. the product is a 
mixture of unalUu'cd fat with mono- and di- 
glycendes and free fatty acid {rj. h'ortmo Chem. 
Zeit-. Iff 12,3ff. 1)17; Marcus.son, Zeitseh. angew. 
Chem. Iffl3, 2n, 173). 

Reiehcr (Annalcn, 188.5, 228, 257) was one of 
the 1irst to determine the velocity of saponifica¬ 
tion under varying conditions. When the alkali 
and ester are not used in equivalent quantities 
the differential equation is of the type 
(/j'/J/—K(a-.f)(6 J-) 

w lieix* a and b are the original concentrations, 
and a — x and b — x the concentrations at the 


R C<2j.t+KOH = K C^[(j^ f EtOH 

The reaction is non-revcrsiblc, os the alkali aalt 
cannot react directly with the alcohol, and as 
both ester and alkali are used up as the hydnilysis 
proooeda tho reaction should Ixi birnolecular. 
Hydrolysis by alkalis procei'ds moi'e rapidly than 
that by mineral acids (rp. Van Dfkjen, Itcc. trav. 
chim. 1896, 14, 100), and is the common method 
used in the laboratory. The ester is boiled for 
some time with an excess of siKlium (or potas¬ 
sium) hydroxide solution in a flask fitt<Hl with a 
reflux condenser. If the ester is an'oil onlv 
s^ringly soluble in water, tho colhpletion of the 
reaction is denoted by the disapwaranee of the 
oily layer, tinless tho nlcohol formed is also 
inaoluble in water. If, however, the ester 
itseU is soluble in w'ater, but has a characteristic 
inlanr, the disappearance of the odour indicates 
wraplete hyd^ysis. In order to separate the 
acid and ^cohol formed, the mixture is (a) 
boded, when the alcohol passes over together 


! time /. ^Vhen integrated tliis gives an Cijuation 
1 , h{a~T) 

a{b-~x) 

for eahrnlating K. Th(‘ concentration of the 
alkali at any given time is determined by 
titration with standard acid ami tho concentra¬ 
tion of the ester calculat'd from that of the 
alkali, as with an cbUt of the type of ethyl 
acetate, the disapjicarance of each gram molocide 
of alkali entails the disappearance of a gram 
I molecule of ester (c/. Wanler, Amer. Chem. J, 
1882, 3. 340 ; Bcr. 1881,14.1311). The velocity 
constant K can be calculated by means of the 
equation 

CV( ®‘C'(C(-C^) 

wherw (V, and Cgc denote the concenlratioai 
of the alkali just after mixing, the conoentration 
after time t and the concentration after com{dete 
hydndyais (24-46 hours). 
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fidotee experimenta were carried out at, rate of hydrolyaia. The tatlo K ethyl nhea^- 
» 4 , and ^w thdt the velocity is praetioally i acetate; K ethyl aoetateol-D, Krt&l 
same whether sodium, potassium, or calcium I maadelate: K -*—” ^ * 


hydroxide is used as saponifying agent. With 
strontium or barium hydroxide the velocity 
ooMtants are somewhat smaller and with a 
feeble alkali, such ns ammonium hydro.vide, the 
value for K is much less, r.g. 

K : K =20(1; 1. . - ,___ 

™•■•■H4OU I which contain an oxygen atom in the chain 

"htnincd by using difTcrcnt esters (whether as Oil, OH, 00, or O) the velocity of 


ethyl glyooUate—O'HS. It _ 
shown thftt there is no direct 
between the eftinity constant oi the vnd and 
the sapo^cation constant of its ester, although 
in any given series of compounds the two oon* 
sUnU follow the same order. Palomaa (Chem. 
S<K. Abstr. 11114, i. 130) shows iliat with oaten 




the ester 


show that tho aikyl group K' 

- inhueiut'S the rate of liyil^olyHia to 

a greater extent than it d«K3fi when mineral acidH 
aro used for hydnilvKing ; thus the values for 
K using sodium hydroxide at D'J'" arc : methyl 
acetate 3*49, ethyl acetjite 2-31, projiyl acetate 
1'02, loobutyl ac<;tHte 1'02, and i.foauiyl aeetaU.' 
1-04. The iuflueiH^c of the aeyl group is 

also marked, as shown liy the following values 
for K ttt 14'4^, using sodium hydroxide and 
othyl esters: acetate 3'2, inopionuto 2'8, 
butyrate 1-7, f^ohutyrute 1-73, Movalerate 0'02, 
and benzoate 0'83. Later experiments by Sud- 


. . ' 0} the velocity ( 

iiydnilysis by mineral acids is reduced to a 
minimum when the oxygen atom is in the B- 
position with respect to the ester group. On 
the other hand, a cyano group always ba* ^ 
rotanling effect on the hydrolysis of au ester 
by <ljlute hydrochloric acid, and tho effect is 
more jirunouncod in the a- than in tho fl. 
position (Amer. J. Sci. 1914, [iv,] 37, 614). 
I)ru8hel and i)can [ibtJ. 1912, [iv.] 34, 293) 
show that in the case of noetic acid tho rate of 
hydrolysis is increased by tho introduotion of 
the hydroxy group, but retarded by an alkyloxy 
group. The introduction of hy^oxy groups 

-- I .—^ into the butyric acid, on the other hand, baua 

boi-ough and Feilmnnn ((’hem. Soo. I'roc. 1897, ; retarding etfect (Doan, ibid. 1914, [iv.] 37, 331). 
13, 243) prove that the introduction of methyl ' For hydrolysis of halogenatod caters, «c« Druahel,'' 
^ups into tho ethyl acetate molecule retartls ’ 1912, [iv.J 34, 09; for hydroxy and 

hy^lysis by means of uleohoiie jiotasaimn : alkyluxy riorivatives of propiouiu acid, ibid. 
hydroxide, whereas the introduction of chlorino 1913, [iv.j 36, 4t40. When alkali is used foe 
atoms facilitates tho decomposition. Tho in- , hydrolysing tho esters of hydroxy acids (ib%d» 
vostigations of CJyr (Her. ItHJK, 41, 4398) 8h*iW tl06) trie esU'ra derived from strong acids are 
that two or thiee phenyl gr(iup.s in the ethyl : more leadiiy saiMmitiod than those from woak. 
acetate molecule also retard liyilrolyaw, whereas | The results obtoiiied by difforeut authorities 
the ethyl ester of iihcnylaeetic aeirl is hydrolysed j point to the general conclusion that two factors 
more readily tlmn ethyl acetate itself. The ' at least determine tho rate of hydrolysis of 
rwults obtained by Hjelt (Her. IHiMl, 29, 1894) ethyl esters by alkalis or acids, (o) The com* 
with substituted derivatives of cthy! malonute pl(?xity of the acyl group, osiKJcialJy as regards 
also show that tho introduction of un alkyl the nresenoc of substituonts in close proximity 
group into the ethyl mulonato molecule retariiH J to the carbonyl group, e.g. in the a-poaitkxi 
hydrolysis, and that v, hen two sueli groups aits i in uliphaUc, the ortho- position in aromatie, 
present the effect is still more noticeable. The and probably tho cis- position in unsaturat^ 
influence of the strength of the acid from which ! esters, {b) The strength of the acid from which 
the ester is derived also appears to be a deter- | the ester is derived. When mineral acids are 
i^ing factor. Tho investigations of Kcllas used as hydrolysing agents the rate of hydrolysis 
(Zeitsch. physikal. Cliom. 1897, 24, 243) on the > appears to be determined largely by the nett 
hydrolysis of ethyl esters of substituted benzoic j ftielor, although the second factor also has an 
acids show that tin* cstei-M of many substituted I effect, as shown by the fact that ethyl trionloro* 
benzoic acids arc hydrolysed by ulcohobc potash | acetate is hydrolysed more readily t he 


more readily than ethyl Ixmuate itself.’ Xhis 
appears to be true of all ostera derived from 
acids much stronger than benzoic acid, c.q. the 
bromo-, chloro-, and nitro-benzoic acid,«, but 
does not hold good when the esters are derived 
from acids with small dissociation constants, 
e.g. the toluic acids. Kellas'a results also show 
that when the rates of hydrolysis of a group of 
three isomeric esters are compared the ortho- 
compounds are invariably hydrolysed more 
slowly than the isomeric, meta-, and para* com¬ 
pounds, even when the ortho- acid is a much 
stronger acid than the isomers. 


dichioroacetate. When aJlcg lhi are used and 
also probably when water alone is used, tho 
iKicund factor has a much more marked effect 
than when acids arc used; the effect is so marked 
lu certain cases that the influence of tho first 
factor is almo.st oompletely obscured, e.ff. with 
tho esters of the c^oroacetic acids, of the 
a-hydroxy acids and of nitro substituted benzoic 
acids. • 

The generalisation drawn by Y. Mpyer 
(Bcr. 1896, 28, 1263; cp. Wegseheider, ioid. 
2366) viz. that there is a aimule rolatioiubip 
' between the rate of bydrolyau of an ester Jsy 


Fmdlay and Turner (them. Soc. Trans. 1905, lalk iim^d its rate of formation by the oatell^Us 
SI* "f7) and^dlay and Hickmans [ibid. 1909, ^method of esterification does not hold. It is 
96, 1004) show that an a*hydroxyl group ' highly probable that there may he a relsSi^ 
mcreases the readiness with which the ester u ship oetween the rate of MteriflcAttOD of sa sf fd 
hvdrolysed by alkalis. The ratio K ethyl j-- » 

^collate: K ethyl acetate= 11 *5; and K ctftyl 
u^to: K ethyl propionates 11 *9, and Kgnetbyl 


niaadciate: K methyl |^eiiylaoeUte=6‘7. The 
iQtrodnction of a paenyi moup in the a- 
poeitiea; does not necessary increaee the 


by t _ _ , __ 

tion of the ester, and also a reiatUhlftiJ^VBhveeD 
the rate of hydioly^ of the estig Igr goidi 
the rate of esterifioatioii by the -"ttlirlrlr 
No relationship between the mw/BA" 

cation or by lu^lvsis bv aofdsandiba 
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constitution of tlio alityj groujj 11‘ in tho oster j 
can Ixj deduced as the data available 

are not sulliciently numerous. 

Since sodium, potassium, and calcium 
bydrc*xideH as fiujmnifying agents have practi¬ 
cally the same effect wlion solutions of equivalent 
stn^ngtiiu are used, the conclusion has been 
drawn that the hydrolysis is due to the hydroxyl 
itais jircHcnt. The reaetjon cannot be a siinjdc 
addition of th<* alkali to the ester followi-d by 
tb«! elimination of alcohol, as tlien the reaction 
w'ltli calcium hydroxide w'ould be termoii'cular 

2U-l’()aKt [ (‘ii(()H)a -(K-CO,},(‘a-l 2Kt(>K 
whereas it cun be shown to bt* himolecular. 

It 18 pijfjKible lliat the reaction (loiiHi.sts in 
the addition of water (not alkali) to the csU‘r 
and tho HubHwpient resolulioii ol tliis eomj)lex 
into acid and alcohol. 'J'ho alkali in this ease 
would act first as a catalyst, and secondly 
us a base for neutralising llie acid formed. 
According to Aerco (Ainer. ('hem. .1. 11K)7, 

244) the chIct can function as a feeble acid and 
form small amounts of salt.s with tlie alkali, 
r.f/. 


about 100 times as quickly as the second, but 
with ethyl succinate the ratio is about 10 : 1 , 
and in neither case can the whole process be 
i represented as a simple bimolecular reactioiL 
I With the eatcTS derived from symmetrical di- 
* hydric alcohols, c.g. glycol diacetate CjH 4 (OAc)|, 
aithough the saponitication proceeds in two 
, distinct stages the velocity constants of the 
! two st^iges Ix'ar a simple relationship to one 
! another, c.f/. 2 : 1 , and hence the whole appears 
j to be a bimolecular reaction. The same holds 
good for the hydrolysis of glyceryl triacetate, 
where the three distinct stages proceed at the 
relative r^tes 2 : 2 : 2 . 

Esters of sulphonic acids. Ksters of suiphoniu - 
acids can also be liydrolyacd by water, mineral 
acid.s, or alkalw, and since most of tlie sulphonic 
acids are very strong acids, their esters are 
hydrolysed quite readily by water alone. Tho 
chIcis are also converted into the corresponding 
acids when liealed with alcohol (Krafft and Roos, 
lier. 1892, 25, 2225 ; Kaslle and Murrill, Amer. 
(.'hem. J. J.S95, 17, 2fK)), a reaction in which an 
alkyl ctliei i.s also formed 

n-SO.-tUCt i KtOir^R* 80 j*OHH-h:t^() 


() - + 
Clfy-t' KOll Cir.-C Oil 

UK \ 

and it is the complex anmn winch reacts with the 
water yielding the auion of IIk- iickI and iilcfihol 


_ 0 — 

cn.A' t)jr ■- ('}!-■( ,, 

^ OR 


A) 


-i- R'Oll 


Esters of dibasic acids. J. Meyer (Zeitscli. 
physikal. t'hem. 1900, (HI, 81, and 07, 257) by i 
(he study of the hydrolysis of esters of rhbiiMie 
acids (tarturio, Hucciiiic, and caniphnnc) witli , 
hydrochloric acid as catalyst, hu.s been able to 
Ig^ivc that the reaction jiroot'ods in two distinct 
8 tuge.s: («) nurnml esterf-water->ileid ester. 

• f lucoliol: (ft) acid ester—waler-»neid-f alcoliol. 
With tho ethyl eaters of symmelrieal dibasic , 
ncid«, r.fj. tartarie and Hueeiiiiii, (ho whole 
i-eaction ttpjK'urs to he nnimolecular as the 
velocity constant for the fii'st stage i.s almOjSt 
exactly double that for the second stage, and 
tho whole is pseudo- nnimolecnlar. In the case of 
ethyl campluirato, the ester of an unsymmctrical ! 
acid, tho two stage.s proceed at very different : 

(IH,-('Me{C'Oj-:t)^ 

rates, tho noniml ester, i ('Me., 

(;HV('H((:OjEt)' 

i.s rapidly hydrolysed to the acid ostei-, 
CHj-CMe(C(),Et), 

1 X'Me,. 

CH, • (^H{CO,H) . 

but this latter is fairly stable, and the method is 
a convenient one for the preparation of the acid : 
ester. For diff^nt esters of th*' same acid tho 
iniluenoe of the aiooholic grou]) on the rate of : 
esterification is souoely noticeable, wheit'as the^ 
constitution of the actyl group hhs a marked' 
effect. Ezpccimeots carried out wdih the same 
esters using laikali hydroxide as hydrolysing 
agent show^iat here also the reaction p^etds 
in two dWRlBBt sUges, but the relationship 
betweeiMi^ Tdooity constants of the two is 
not so M whm hydrdbhloTio acid is used. 

With lUlonate ue first stage jproceeda 


This decomposition proceeds slowly at tho 
ordinarj’ tcmiieratuie, and is brought about 
more readily by methyl than by ethyl alcohol. 

Kaatlo, Murrill, and h’ra/cr (Amer. Chem. 
J. 1897, 10, 894) have shown that 0*1 A’-soluUons 
ol Bulpiiuric and acetic acids have no effect on 
the hydrolysiw of esters of eululionic acids by 
water. IJydrochlonc and hyfirobroniic acids, 
on tlie Ollier hand, have an apjiurent retarding 
effect, but this is due to the fact that tho 
halogen hydracids can react with the ester 
iiecoixling to the equation: 

ll.SO,.()Et+HC‘l^R'SO,.OH+EtL;i 
a reaction which docs not affect the total acidity 
of tho solution. A more detailed investigation 
lias proved that IIum' second reaction proceeds 
more rapidly and to a givatt'r extent than the 
hydrolysis of the ester by water. The hydrolysis 
of a sulphonic ester by means of a large excess 
of water or alcohol m acetone solution gives 
euDcordunt values for K when the equation for 
a monomolccular reaction is used. Alkalis are 
much more efficient hydrolysing agents than 
water for sulphonic esters; this may bo due to 
tho alkali acting independently of the water or 
to the alkali catalyticaily affecting the hydrolysis 
by water. Tho constants at 25'^ for methyl 
bcnzcnesulphonate, using w'ater and A^-potasaium 
hydroxide solution, are 1: 90 (Wegseheider and 
Furcht, Monatsh. 1902, 23, 1903). When the 
neutral ester of a mixed carboxylio sulphonio 
acid 18 hydrolysed, e.g, OEt'SOf'CcH^'tJOgEt, 
the ’SOj'OEt grou]) is hydrolysed much more 
readily than the IJOjEt group, and an acid 
ester of the type OH*SOj‘C«H 4 ‘(JO|Et is formed. 

Esters can also be hydrolysed by water with 
finely divided metals as catalysts, t,g. Neikcoi 
(Amer. J. physiol. 1903, 10, 191} has shown 
that platinum black accelerates the hydrolyiia 
of ethyl butyrato by water. The reaction ia» 

’ heyvever, very slow, and increases with the 
amount of platinum present. The maximBa 
effect U obtained at ff0°, and the aotiyity of 
; the catalyst is readily deatipyed by vamua 
/poisons.'" Thet;^ticmisrevttrdUeaap)atinam 
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fidotee experimenta were carried out at, rate of hydrolyaia. The tatlo K ethyl nhea^- 
» 4 , and ^w thdt the velocity is praetioally i acetate; K ethyl aoetateol-D, Krt&l 
same whether sodium, potassium, or calcium I maadelate: K -*—” ^ * 


hydroxide is used as saponifying agent. With 
strontium or barium hydroxide the velocity 
ooMtants are somewhat smaller and with a 
feeble alkali, such ns ammonium hydro.vide, the 
value for K is much less, r.g. 

K : K =20(1; 1. . - ,___ 

™•■•■H4OU I which contain an oxygen atom in the chain 

"htnincd by using difTcrcnt esters (whether as Oil, OH, 00, or O) the velocity of 


ethyl glyooUate—O'HS. It _ 
shown thftt there is no direct 
between the eftinity constant oi the vnd and 
the sapo^cation constant of its ester, although 
in any given series of compounds the two oon* 
sUnU follow the same order. Palomaa (Chem. 
S<K. Abstr. 11114, i. 130) shows iliat with oaten 




the ester 


show that tho aikyl group K' 

- inhueiut'S the rate of liyil^olyHia to 

a greater extent than it d«K3fi when mineral acidH 
aro used for hydnilvKing ; thus the values for 
K using sodium hydroxide at D'J'" arc : methyl 
acetate 3*49, ethyl acetjite 2-31, projiyl acetate 
1'02, loobutyl ac<;tHte 1'02, and i.foauiyl aeetaU.' 
1-04. The iuflueiH^c of the aeyl group is 

also marked, as shown liy the following values 
for K ttt 14'4^, using sodium hydroxide and 
othyl esters: acetate 3'2, inopionuto 2'8, 
butyrate 1-7, f^ohutyrute 1-73, Movalerate 0'02, 
and benzoate 0'83. Later experiments by Sud- 
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iiydnilysis by mineral acids is reduced to a 
minimum when the oxygen atom is in the B- 
position with respect to the ester group. On 
the other hand, a cyano group always ba* ^ 
rotanling effect on the hydrolysis of au ester 
by <ljlute hydrochloric acid, and tho effect is 
more jirunouncod in the a- than in tho fl. 
position (Amer. J. Sci. 1914, [iv,] 37, 614). 
I)ru8hel and i)can [ibtJ. 1912, [iv.] 34, 293) 
show that in the case of noetic acid tho rate of 
hydrolysis is increased by tho introduotion of 
the hydroxy group, but retarded by an alkyloxy 
group. The introduction of hy^oxy groups 

-- I .—^ into the butyric acid, on the other hand, baua 

boi-ough and Feilmnnn ((’hem. Soo. I'roc. 1897, ; retarding etfect (Doan, ibid. 1914, [iv.] 37, 331). 
13, 243) prove that the introduction of methyl ' For hydrolysis of halogenatod caters, «c« Druahel,'' 
^ups into tho ethyl acetate molecule retartls ’ 1912, [iv.J 34, 09; for hydroxy and 

hy^lysis by means of uleohoiie jiotasaimn : alkyluxy riorivatives of propiouiu acid, ibid. 
hydroxide, whereas the introduction of chlorino 1913, [iv.j 36, 4t40. When alkali is used foe 
atoms facilitates tho decomposition. Tho in- , hydrolysing tho esters of hydroxy acids (ib%d» 
vostigations of CJyr (Her. ItHJK, 41, 4398) 8h*iW tl06) trie esU'ra derived from strong acids are 
that two or thiee phenyl gr(iup.s in the ethyl : more leadiiy saiMmitiod than those from woak. 
acetate molecule also retard liyilrolyaw, whereas | The results obtoiiied by difforeut authorities 
the ethyl ester of iihcnylaeetic aeirl is hydrolysed j point to the general conclusion that two factors 
more readily tlmn ethyl acetate itself. The ' at least determine tho rate of hydrolysis of 
rwults obtained by Hjelt (Her. IHiMl, 29, 1894) ethyl esters by alkalis or acids, (o) The com* 
with substituted derivatives of cthy! malonute pl(?xity of the acyl group, osiKJcialJy as regards 
also show that tho introduction of un alkyl the nresenoc of substituonts in close proximity 
group into the ethyl mulonato molecule retariiH J to the carbonyl group, e.g. in the a-poaitkxi 
hydrolysis, and that v, hen two sueli groups aits i in uliphaUc, the ortho- position in aromatie, 
present the effect is still more noticeable. The and probably tho cis- position in unsaturat^ 
influence of the strength of the acid from which ! esters, {b) The strength of the acid from which 
the ester is derived also appears to be a deter- | the ester is derived. When mineral acids are 
i^ing factor. Tho investigations of Kcllas used as hydrolysing agents the rate of hydrolysis 
(Zeitsch. physikal. Cliom. 1897, 24, 243) on the > appears to be determined largely by the nett 
hydrolysis of ethyl esters of substituted benzoic j ftielor, although the second factor also has an 
acids show that tin* cstei-M of many substituted I effect, as shown by the fact that ethyl trionloro* 
benzoic acids arc hydrolysed by ulcohobc potash | acetate is hydrolysed more readily t he 


more readily than ethyl Ixmuate itself.’ Xhis 
appears to be true of all ostera derived from 
acids much stronger than benzoic acid, c.q. the 
bromo-, chloro-, and nitro-benzoic acid,«, but 
does not hold good when the esters are derived 
from acids with small dissociation constants, 
e.g. the toluic acids. Kellas'a results also show 
that when the rates of hydrolysis of a group of 
three isomeric esters are compared the ortho- 
compounds are invariably hydrolysed more 
slowly than the isomeric, meta-, and para* com¬ 
pounds, even when the ortho- acid is a much 
stronger acid than the isomers. 


dichioroacetate. When aJlcg lhi are used and 
also probably when water alone is used, tho 
iKicund factor has a much more marked effect 
than when acids arc used; the effect is so marked 
lu certain cases that the influence of tho first 
factor is almo.st oompletely obscured, e.ff. with 
tho esters of the c^oroacetic acids, of the 
a-hydroxy acids and of nitro substituted benzoic 
acids. • 

The generalisation drawn by Y. Mpyer 
(Bcr. 1896, 28, 1263; cp. Wegseheider, ioid. 
2366) viz. that there is a aimule rolatioiubip 
' between the rate of bydrolyau of an ester Jsy 


Fmdlay and Turner (them. Soc. Trans. 1905, lalk iim^d its rate of formation by the oatell^Us 
SI* "f7) and^dlay and Hickmans [ibid. 1909, ^method of esterification does not hold. It is 
96, 1004) show that an a*hydroxyl group ' highly probable that there may he a relsSi^ 
mcreases the readiness with which the ester u ship oetween the rate of MteriflcAttOD of sa sf fd 
hvdrolysed by alkalis. The ratio K ethyl j-- » 

^collate: K ethyl acetate= 11 *5; and K ctftyl 
u^to: K ethyl propionates 11 *9, and Kgnetbyl 


niaadciate: K methyl |^eiiylaoeUte=6‘7. The 
iQtrodnction of a paenyi moup in the a- 
poeitiea; does not necessary increaee the 
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the rate of hydioly^ of the estig Igr goidi 
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constitution of tlio alityj groujj 11‘ in tho oster j 
can Ixj deduced as the data available 

are not sulliciently numerous. 

Since sodium, potassium, and calcium 
bydrc*xideH as fiujmnifying agents have practi¬ 
cally the same effect wlion solutions of equivalent 
stn^ngtiiu are used, the conclusion has been 
drawn that the hydrolysis is due to the hydroxyl 
itais jircHcnt. The reaetjon cannot be a siinjdc 
addition of th<* alkali to the ester followi-d by 
tb«! elimination of alcohol, as tlien the reaction 
w'ltli calcium hydroxide w'ould be termoii'cular 

2U-l’()aKt [ (‘ii(()H)a -(K-CO,},(‘a-l 2Kt(>K 
whereas it cun be shown to bt* himolecular. 

It 18 pijfjKible lliat the reaction (loiiHi.sts in 
the addition of water (not alkali) to the csU‘r 
and tho HubHwpient resolulioii ol tliis eomj)lex 
into acid and alcohol. 'J'ho alkali in this ease 
would act first as a catalyst, and secondly 
us a base for neutralising llie acid formed. 
According to Aerco (Ainer. ('hem. .1. 11K)7, 

244) the chIct can function as a feeble acid and 
form small amounts of salt.s with tlie alkali, 
r.f/. 


about 100 times as quickly as the second, but 
with ethyl succinate the ratio is about 10 : 1 , 
and in neither case can the whole process be 
i represented as a simple bimolecular reactioiL 
I With the eatcTS derived from symmetrical di- 
* hydric alcohols, c.g. glycol diacetate CjH 4 (OAc)|, 
aithough the saponitication proceeds in two 
, distinct stages the velocity constants of the 
! two st^iges Ix'ar a simple relationship to one 
! another, c.f/. 2 : 1 , and hence the whole appears 
j to be a bimolecular reaction. The same holds 
good for the hydrolysis of glyceryl triacetate, 
where the three distinct stages proceed at the 
relative r^tes 2 : 2 : 2 . 

Esters of sulphonic acids. Ksters of suiphoniu - 
acids can also be liydrolyacd by water, mineral 
acid.s, or alkalw, and since most of tlie sulphonic 
acids are very strong acids, their esters are 
hydrolysed quite readily by water alone. Tho 
chIcis are also converted into the corresponding 
acids when liealed with alcohol (Krafft and Roos, 
lier. 1892, 25, 2225 ; Kaslle and Murrill, Amer. 
(.'hem. J. J.S95, 17, 2fK)), a reaction in which an 
alkyl ctliei i.s also formed 

n-SO.-tUCt i KtOir^R* 80 j*OHH-h:t^() 


() - + 
Clfy-t' KOll Cir.-C Oil 

UK \ 

and it is the complex anmn winch reacts with the 
water yielding the auion of IIk- iickI and iilcfihol 
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Esters of dibasic acids. J. Meyer (Zeitscli. 
physikal. t'hem. 1900, (HI, 81, and 07, 257) by i 
(he study of the hydrolysis of esters of rhbiiMie 
acids (tarturio, Hucciiiic, and caniphnnc) witli , 
hydrochloric acid as catalyst, hu.s been able to 
Ig^ivc that the reaction jiroot'ods in two distinct 
8 tuge.s: («) nurnml esterf-water->ileid ester. 

• f lucoliol: (ft) acid ester—waler-»neid-f alcoliol. 
With tho ethyl eaters of symmelrieal dibasic , 
ncid«, r.fj. tartarie and Hueeiiiiii, (ho whole 
i-eaction ttpjK'urs to he nnimolecular as the 
velocity constant for the fii'st stage i.s almOjSt 
exactly double that for the second stage, and 
tho whole is pseudo- nnimolecnlar. In the case of 
ethyl campluirato, the ester of an unsymmctrical ! 
acid, tho two stage.s proceed at very different : 

(IH,-('Me{C'Oj-:t)^ 

rates, tho noniml ester, i ('Me., 

(;HV('H((:OjEt)' 

i.s rapidly hydrolysed to the acid ostei-, 
CHj-CMe(C(),Et), 

1 X'Me,. 

CH, • (^H{CO,H) . 

but this latter is fairly stable, and the method is 
a convenient one for the preparation of the acid : 
ester. For diff^nt esters of th*' same acid tho 
iniluenoe of the aiooholic grou]) on the rate of : 
esterification is souoely noticeable, wheit'as the^ 
constitution of the actyl group hhs a marked' 
effect. Ezpccimeots carried out wdih the same 
esters using laikali hydroxide as hydrolysing 
agent show^iat here also the reaction p^etds 
in two dWRlBBt sUges, but the relationship 
betweeiMi^ Tdooity constants of the two is 
not so M whm hydrdbhloTio acid is used. 

With lUlonate ue first stage jproceeda 


This decomposition proceeds slowly at tho 
ordinarj’ tcmiieratuie, and is brought about 
more readily by methyl than by ethyl alcohol. 

Kaatlo, Murrill, and h’ra/cr (Amer. Chem. 
J. 1897, 10, 894) have shown that 0*1 A’-soluUons 
ol Bulpiiuric and acetic acids have no effect on 
the hydrolysiw of esters of eululionic acids by 
water. IJydrochlonc and hyfirobroniic acids, 
on tlie Ollier hand, have an apjiurent retarding 
effect, but this is due to the fact that tho 
halogen hydracids can react with the ester 
iiecoixling to the equation: 

ll.SO,.()Et+HC‘l^R'SO,.OH+EtL;i 
a reaction which docs not affect the total acidity 
of tho solution. A more detailed investigation 
lias proved that IIum' second reaction proceeds 
more rapidly and to a givatt'r extent than the 
hydrolysis of the ester by water. The hydrolysis 
of a sulphonic ester by means of a large excess 
of water or alcohol m acetone solution gives 
euDcordunt values for K when the equation for 
a monomolccular reaction is used. Alkalis are 
much more efficient hydrolysing agents than 
water for sulphonic esters; this may bo due to 
tho alkali acting independently of the water or 
to the alkali catalyticaily affecting the hydrolysis 
by water. Tho constants at 25'^ for methyl 
bcnzcnesulphonate, using w'ater and A^-potasaium 
hydroxide solution, are 1: 90 (Wegseheider and 
Furcht, Monatsh. 1902, 23, 1903). When the 
neutral ester of a mixed carboxylio sulphonio 
acid 18 hydrolysed, e.g, OEt'SOf'CcH^'tJOgEt, 
the ’SOj'OEt grou]) is hydrolysed much more 
readily than the IJOjEt group, and an acid 
ester of the type OH*SOj‘C«H 4 ‘(JO|Et is formed. 

Esters can also be hydrolysed by water with 
finely divided metals as catalysts, t,g. Neikcoi 
(Amer. J. physiol. 1903, 10, 191} has shown 
that platinum black accelerates the hydrolyiia 
of ethyl butyrato by water. The reaction ia» 

’ heyvever, very slow, and increases with the 
amount of platinum present. The maximBa 
effect U obtained at ff0°, and the aotiyity of 
; the catalyst is readily deatipyed by vamua 
/poisons.'" Thet;^ticmisrevttrdUeaap)atinam 
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fidotee experimenta were carried out at, rate of hydrolyaia. The tatlo K ethyl nhea^- 
» 4 , and ^w thdt the velocity is praetioally i acetate; K ethyl aoetateol-D, Krt&l 
same whether sodium, potassium, or calcium I maadelate: K -*—” ^ * 


hydroxide is used as saponifying agent. With 
strontium or barium hydroxide the velocity 
ooMtants are somewhat smaller and with a 
feeble alkali, such ns ammonium hydro.vide, the 
value for K is much less, r.g. 

K : K =20(1; 1. . - ,___ 

™•■•■H4OU I which contain an oxygen atom in the chain 

"htnincd by using difTcrcnt esters (whether as Oil, OH, 00, or O) the velocity of 


ethyl glyooUate—O'HS. It _ 
shown thftt there is no direct 
between the eftinity constant oi the vnd and 
the sapo^cation constant of its ester, although 
in any given series of compounds the two oon* 
sUnU follow the same order. Palomaa (Chem. 
S<K. Abstr. 11114, i. 130) shows iliat with oaten 




the ester 


show that tho aikyl group K' 

- inhueiut'S the rate of liyil^olyHia to 

a greater extent than it d«K3fi when mineral acidH 
aro used for hydnilvKing ; thus the values for 
K using sodium hydroxide at D'J'" arc : methyl 
acetate 3*49, ethyl acetjite 2-31, projiyl acetate 
1'02, loobutyl ac<;tHte 1'02, and i.foauiyl aeetaU.' 
1-04. The iuflueiH^c of the aeyl group is 

also marked, as shown liy the following values 
for K ttt 14'4^, using sodium hydroxide and 
othyl esters: acetate 3'2, inopionuto 2'8, 
butyrate 1-7, f^ohutyrute 1-73, Movalerate 0'02, 
and benzoate 0'83. Later experiments by Sud- 
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iiydnilysis by mineral acids is reduced to a 
minimum when the oxygen atom is in the B- 
position with respect to the ester group. On 
the other hand, a cyano group always ba* ^ 
rotanling effect on the hydrolysis of au ester 
by <ljlute hydrochloric acid, and tho effect is 
more jirunouncod in the a- than in tho fl. 
position (Amer. J. Sci. 1914, [iv,] 37, 614). 
I)ru8hel and i)can [ibtJ. 1912, [iv.] 34, 293) 
show that in the case of noetic acid tho rate of 
hydrolysis is increased by tho introduotion of 
the hydroxy group, but retarded by an alkyloxy 
group. The introduction of hy^oxy groups 

-- I .—^ into the butyric acid, on the other hand, baua 

boi-ough and Feilmnnn ((’hem. Soo. I'roc. 1897, ; retarding etfect (Doan, ibid. 1914, [iv.] 37, 331). 
13, 243) prove that the introduction of methyl ' For hydrolysis of halogenatod caters, «c« Druahel,'' 
^ups into tho ethyl acetate molecule retartls ’ 1912, [iv.J 34, 09; for hydroxy and 

hy^lysis by means of uleohoiie jiotasaimn : alkyluxy riorivatives of propiouiu acid, ibid. 
hydroxide, whereas the introduction of chlorino 1913, [iv.j 36, 4t40. When alkali is used foe 
atoms facilitates tho decomposition. Tho in- , hydrolysing tho esters of hydroxy acids (ib%d» 
vostigations of CJyr (Her. ItHJK, 41, 4398) 8h*iW tl06) trie esU'ra derived from strong acids are 
that two or thiee phenyl gr(iup.s in the ethyl : more leadiiy saiMmitiod than those from woak. 
acetate molecule also retard liyilrolyaw, whereas | The results obtoiiied by difforeut authorities 
the ethyl ester of iihcnylaeetic aeirl is hydrolysed j point to the general conclusion that two factors 
more readily tlmn ethyl acetate itself. The ' at least determine tho rate of hydrolysis of 
rwults obtained by Hjelt (Her. IHiMl, 29, 1894) ethyl esters by alkalis or acids, (o) The com* 
with substituted derivatives of cthy! malonute pl(?xity of the acyl group, osiKJcialJy as regards 
also show that tho introduction of un alkyl the nresenoc of substituonts in close proximity 
group into the ethyl mulonato molecule retariiH J to the carbonyl group, e.g. in the a-poaitkxi 
hydrolysis, and that v, hen two sueli groups aits i in uliphaUc, the ortho- position in aromatie, 
present the effect is still more noticeable. The and probably tho cis- position in unsaturat^ 
influence of the strength of the acid from which ! esters, {b) The strength of the acid from which 
the ester is derived also appears to be a deter- | the ester is derived. When mineral acids are 
i^ing factor. Tho investigations of Kcllas used as hydrolysing agents the rate of hydrolysis 
(Zeitsch. physikal. Cliom. 1897, 24, 243) on the > appears to be determined largely by the nett 
hydrolysis of ethyl esters of substituted benzoic j ftielor, although the second factor also has an 
acids show that tin* cstei-M of many substituted I effect, as shown by the fact that ethyl trionloro* 
benzoic acids arc hydrolysed by ulcohobc potash | acetate is hydrolysed more readily t he 


more readily than ethyl Ixmuate itself.’ Xhis 
appears to be true of all ostera derived from 
acids much stronger than benzoic acid, c.q. the 
bromo-, chloro-, and nitro-benzoic acid,«, but 
does not hold good when the esters are derived 
from acids with small dissociation constants, 
e.g. the toluic acids. Kellas'a results also show 
that when the rates of hydrolysis of a group of 
three isomeric esters are compared the ortho- 
compounds are invariably hydrolysed more 
slowly than the isomeric, meta-, and para* com¬ 
pounds, even when the ortho- acid is a much 
stronger acid than the isomers. 


dichioroacetate. When aJlcg lhi are used and 
also probably when water alone is used, tho 
iKicund factor has a much more marked effect 
than when acids arc used; the effect is so marked 
lu certain cases that the influence of tho first 
factor is almo.st oompletely obscured, e.ff. with 
tho esters of the c^oroacetic acids, of the 
a-hydroxy acids and of nitro substituted benzoic 
acids. • 

The generalisation drawn by Y. Mpyer 
(Bcr. 1896, 28, 1263; cp. Wegseheider, ioid. 
2366) viz. that there is a aimule rolatioiubip 
' between the rate of bydrolyau of an ester Jsy 


Fmdlay and Turner (them. Soc. Trans. 1905, lalk iim^d its rate of formation by the oatell^Us 
SI* "f7) and^dlay and Hickmans [ibid. 1909, ^method of esterification does not hold. It is 
96, 1004) show that an a*hydroxyl group ' highly probable that there may he a relsSi^ 
mcreases the readiness with which the ester u ship oetween the rate of MteriflcAttOD of sa sf fd 
hvdrolysed by alkalis. The ratio K ethyl j-- » 

^collate: K ethyl acetate= 11 *5; and K ctftyl 
u^to: K ethyl propionates 11 *9, and Kgnetbyl 


niaadciate: K methyl |^eiiylaoeUte=6‘7. The 
iQtrodnction of a paenyi moup in the a- 
poeitiea; does not necessary increaee the 
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tion of the ester, and also a reiatUhlftiJ^VBhveeD 
the rate of hydioly^ of the estig Igr goidi 
the rate of esterifioatioii by the -"ttlirlrlr 
No relationship between the mw/BA" 
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complicaU'd Ly the fuel tliiat it is jmiwsuiLle to 
isoUto, in a state of ])mity. the j)articulor enzyme 
required, and it may 1 m* accompanied by another 
enzyme oapablc of causing the destruction 
(autolysin) of the first, and tliiis bringing the 
reaction to an end long before all the substrate 
is decomposed. 

'I’ho name given to a partitmlar hydrolyaing 
enzyme usually indicates the substance it is 
capalihi of hydrolysing and in all cases the termi¬ 
nation asc IS used. 'I‘hu8 maltiiso is the onzymo 
’which hydrolyses maltose, uinylaso the enzyme 
>^ hich hydrolyses starch ; but in sfunc cases 
oldi'r names whicli were in usi* before this 
scheme was adopted, arc still retained, e.g. 
siicrasc, the enzyme which inverts sucrose (catm 
sugar), is still called mvertaso or even invertin, 
the eomtuo'h digestive enzymes are t<Tme(i 
trypsin and pepsin. 'J'hc subsiama' which is 
decomposed by the enzyme is usually termed 
the substrate. 

Although the [U'oi-osscs of hydrolysi.s by aciils 
and by enzymes are frequently cimijmred it 
should be borne in mind that the rate at which 
a given substance is iiydrolyscd by the two 
ditfei'cnt ty|H*s of ontaly.st.s is fre(|ucntly quite 
ililferent, v.fj. sucrose is hydrolysed by invertuso 
much more readily than by a A'-soluUon of 
hydrochliU'ie aci<l; in fact, with a oonoentruted 
solution of invertase at O'' the inversion is 
^iraclieally instantaneous. It is not essential 
that the products obtained by the two jiroeessi's 
should be identical. Thus in the ease of the 
inversion of cane sugar by invertase tiie products 
are a«gluooHO and a-ffuctose, whereas wlnm 
minenvl acids are used the products art' equili¬ 
brium mixtures of a- and ^ glucose and a- and 
/S’fructose, as the a*glucoso and tlio a-fructosi* 
undergo immediate inularotatioii in the jirosencc 
of tho mineral acid. Another example of a 
similar typo is met with in tlio tri-saecharose, 
laffinoso ; when hydrolysed by ncids yields 
galactose, fructose, and glucose, the same sugar 
with raftinaso yields mclibiose and fructose, and 
with omulsin it yields galatose and sucroso. 
Similarly natural prixlucte of protein character 
vieid comparatively simple amino acids w’hen 
bydrolyseu with acids or alkalis, whereas witlf 
enzymes more complex intermediate jiroducts 
arc formed. 

An important point of difference betw(M‘n 
hydrolysis by means of acids or alkalis and 
hydroli,*8i6 under the induence of enzymes is 
any particular enzjTne lias a very restricted 
use as a catalyst or the action of enzymes is 
essentially selective. Thus lipase can hydrolyse 
esters and not carbohydrat< 08 ; maltaeo can 
hydrolyse maltose but not sucrose. That a 
alight (hiferonoe in the configuration of two 
isomerio compounds is sufficient to affect their 
roaotivitiea with a particular enzyme is shown in 
tho case of tho two stcreoisomeric a-methyb 
gluopeidea. (For'further details, see art. Fer* 
KEKTSTioti.) Farther examples are met with 
among the numerous polypeptideL prepared 
* within recent years {ep. fisher and BergelJ, 
Ber. 1903, 36, S503; 1904, 37, 3103; Fischer 
and Abderholden, Zoitsch. physiol. Chem. 1005, 
46,52; 1007, 51, 264). 

The b^avlour of some of tho natural and 
aitlfida^^uco&des (see Qlv^cosidrs) towards the 
two maltase and emulsin has been 


made use of in determining their configurations. 
Thus maltose, which is hyd 9 >ly 8 ed by maltase 
but not by emulsin, is regarded as an anhydride 
of a*glucosc, having a configuration aimuar to 
that of tho a-mcthylglucoside; moat of the 
natural glucosides, on the other hand, are hydro¬ 
lysed by emulsin, but not by maltase, and there¬ 
fore are probably analogous to ^-mcthylglucoside. 
As a rule a natural glucoside is accompanied in 
the ])lant tissue by tho enzyme which is able to 
hydrolyse it. Tho commonest glucosidoolastio 
enzymes, t.c. enzymes capable of hydrolysing 
glncosUlos are emulsin (fi-glucase), myrosin, 
which hydrolyses sulphur glucoaides, rhamnasc, 
and tannn^le. 

'riic products formed by the hydrolysis of 
naturally occurring compounds by enzymes are 
various; tliiLs the natural glucosides can give 
ri.'M' to sugars, uleohols, phenols, aldehydes, 
acids, mustard oils, anthracene derivatives, 
indigo, «S:c. 

Jt has beam ]>idV(‘(l in many cases that a 
sjiecific enzyme can act not merely as a hydrolys¬ 
ing, but also as a synthesiHing agent. The process 
of hydrolysis is thus, in certain cases, a balanced 
reaction, but tho oiiuilibrium is mainly in the 
dina’tion of analysis and not synthesis. The 
synthesising activity of an enzyme was first 
Jcmonstraled by Croft Hill (Chem, Soc. Trans. 
1808, 73, 034 1003, 83, 578) in tho case of 

mullase. Thu greater portion of the maltose is 
hydrolysed by the cn/.ynio to glucose, but a 
certain proportion of di-saccharoso is always 
]iresent. 

A series of alkyl-^-glucosides and galactosides 
has boon syntbosisod by Bouixiuulot using 
omulsin or o-glucosidcB by an onzymo extracted 
from bottom yeast by means of water (Ann. 
Chim. 1913 [viiL], 20,’145; 1915 fix.], 3, 287; 
1915 [ix.], 4, 310; rp. also Bayliss, J. physiol. 
1913, 40, 230). 

Bayliss has synthesised arbutln from quinol 
and dextrose by mean.s of emulsin in the 
presence of glycerol {Chem. Soo. Abs. 1912, 1, 
328) The synthetic action of enzymes in 
forming polyixqitidcs and proteins has also been 
demonstrate (Abderhalden, Chem. Soc. Abs. 
1915, 1, 725). 

Accortling to Bayliss {J. physiol. 1915, 50, 
85) tho reaction occurs at the interface of con¬ 
tact iH'twocn the solid enzyme phase and the 
liquid substrate phase, as when many of them 
are filtered the filtrate is inactive, but the solid 
active. 

Emulsin and lipase have also been shown 
to jiussess synthesising properties; in the 
latter case natural fats have been synthesised 
by the action of lipases on mixtures of glycerol 
and the higher fatty acids in tho absence of a 
large excess of water. The lipatic enzymes 
present in certain seeds are niaoe use of on a 
commercial scale for the preparation of fatty 
aoids from natural fats (cp. Welter, Zeitsch. 
rngew. Chem. 1911, 24, 385; Potte'vin, Bull, 
boc. ebtm. 1900, fiii.] 35. 60‘3). For details of the 
synthetic functions of enzymes, see art Feb- 

MENTATIOF. 

t In some of these balanced actions between 
oar^hydrates or eetere and enzymes it hu bem 
shown tiut the equilibrium mixture is the same, 
whether mmeral acid or enzyme is used, 
Visser'sexperimeDtfUfltQg inTurteap and eaudsm; 
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in otifer coses, however, tJie equilibrium mixture 
with the cnzjme«i8 quite different from that 
obtained when an aoid is used, e.g. Dietz's 
experiments with lipase and wo-omyl n-butyrato 
(Zeitoch. phvsiol Chcm. 1907, 52, 279). 

A coneiderablo amount of work has been 
done on the velocities of different reactions in 
which enzvmes play a part. Ifenri (Lois 
general de raction des diastases, liXKJ) and others 
claim that tho rate of inversion of sucrose by 
invertase, unlike that by mineral acids, does n<tt 
agree with the uniniolocular foiinuln. The 
investigations of O'Sullivan anti Tompso?! 
(Chem. Soc. Trans, 1S90, 57, 8J14) and^f HudsotJ 
fJ. Amer, ('hem. Sue. J!K>8, 11(50, 15(»4; 

1909, 31, 055) ])r()vc (‘onelusivcly that the 
unimolecular formula holds for any given 
solution, if tlie birotation of the a-glueo.se and 
a-fructoso first formed is taken into considera¬ 
tion. The complications attending tlie mutaro- 
tation of the ghiC(»HO and fructose can b<' avoided 
by adding a small auiount of alkali, r.g. 10 r.c. 
of 0'4 lY-sodiuin carbonate .solution for each 
100 c.e. of sugar Holutioii, a short time before 
(he poiurimetnc rending i.s taken. Tiio alkali 
stops (ho hydrolysis and rapi<ily brings about 
equilibrium Udueen the a- and ^-glueoKes and 
a- and /S-fructoses, so that the ncpiinal rotatory 
power of invert sugar is given, lludsim's 
results clearly j)rovc l)ini the a-nioditicutions of 
glucose and fruclfise are first formed, and that 
these are stalile in the iirt'senco of enzyme, but 
rapidly undergo mutan»lati»)n in the presence of 
a little alkali. Hudson's cxjieriments also show 
that a trace of hy<lwehlorio acid, r.j. O-OtXIO A’*, 
accolerutos the action of tlie invertase to an 
appreciable extent. 

Tho doconijiosition of the canc sugar is 
directly propirtional to tlie concentration of the 
onyzmc, and in very dilute solutions (under 
6 p.c.) is also proportional to the concentration 
of the sugar, but with more concentrated solu¬ 
tions it is not even approximately proportional, 
but decreases and becomes practically zero in 
the strongest solutions. According to O’Sullivan 
and Tompson, and to Huiison, the diminution 
in the velocity in concentrated solutions is due 
principally to the viscosity of tho medium ; it 
also be partly due to the formation of a 
definite compound l>ctwcr*n the sugar and 
enzyme. According to A. J. Brown (('hem. 
Soc. Trans. 1902, 81. .373) a given quantity of 
invertase decomposes a nearly constant weight 
of sugar in unit time (I'.c. the decomiK>«ition is 
independent of the sugar concentration), pro- 
vided tho solution is moderately concentrated ; 
bnt after an appreciable amount of sugar is 
decomposed the further inversion is directly 
proportional to the concentration of the sugar. 
Thia change of velocity from a linear V> a logar¬ 
ithmic period U in harmony with the view that 
the sugar unites with the enzyme, and that it is 
the additive compound which is hydrolysed, and 
that the enzyme thus bberatecl Immediately 
combines with a further amount of sugar. 
Cp. the hydrolysis of milk sugar by enzymf* 
(K. F. Armstrong, Proc. Roy. Soc. 1904, 73, 
500). « 

The naction between saUcin and water in 
the pnwonco of emulsin is also a unisidlecular 
Teaetwn (Hudson uu) Pune, J. Amer. Chem. 
Sofi. 1909, 31,1242), provided^lkaH is added to 


bring about mutarotation of the )9-gluooar, 
which is the primary product 

Sniiryl sieohol. 

The ester splitting enzyme contained in 
castor scihIh is pnibabie a mixture of two distinct 
: enzymcH : {a) an OHtcraHc which is soluble in 
; water and which hydrolases ethyl butyrate 
more ivadily than glyci'ryl (stern; {b] a true 
Jipa.'«e which is alnm.st inHoluhle in waU'f and 
wliich liydrolyw's glyceryl csti'm more readily 
than ethyl butyrate (Kalk and Sugiura, J. Amer, 
('hem. Soc. 1913, ,3,5. ltK)4; 191.5, 37, 217). 

Tho rt'Rction Ix'twcon lijmso and tAoamyl 
hutyrnto or lietwccn the saine enzyme and 
wainyl alcohol and »-butyric acid in4ho presence 
of a largo oxco.^;h of alcohol is a normal unimolo* 
culnr reaction, although it pi-ocecds in a hetoro- 
griU'ouK medium. Dietz concludes tliat the 
reaction takes ]>lace in the solid phase, and that 
the diffusion of the ester or arid into tho colloidal 
enzyme takes place so rajiidly when compared 
witn the velocity of reaction that the rates of 
diffusion do not affect (lie rlelernumition of tho 
velocity of tlu‘ reactum. 

The hydrolysis of ethyl butyrate by li])aso 
(Pierce, .f. Amer. Chem. Soc. 1919, 32, 1517) 
points to tlie formation of an additive compound 
of the ester and enzyme. In many <)lhor cases 
the velocity relationships ai-e not so simple, la 
some of these tho niaction is rtdardod after a 
certain time owing to tho product or products 
formed combining with tho enzyme, or to 
negative autoeatalysis, or to the gradual de* 
Btructlon of the enzyme. 

In tlic roactioa Iwtweon jicpsin and albumen 
, the amount of albumen transformed in given 
time by different amounts of [X'psin is propor* 

, tional to the stjuaro root of tho jieiJsiD conoen* 
irations. The same relationslu]) holds good 
' with regntd to Irvfwin and albumen, and is due 
to the fact that tho velocity is inversely propor- 
' tional to the amount of substiinoo transformod, 

] and this jx^iuts to the formation of a definite 
' compound l)ctwc«n the enz 3 'ino and on© of tho 
[ijoducts. 

Most dccompoaitioDH by enzymes arc cHarao- 
' terised by a high temperature cocfliciont when 
; compared with catal 3 ’tio reactions in which acid 
' or alkali is uuul. in the latter cose tho cooffi- 
‘ cient is about 2-3 for a riw of 10**; with emnlain, 
j however, the coefficient is 7*14 for a rise from 
60" to 70", with trypsin 5*3 for a rise from 
20 " to ; but like most eolloidal catalysts 
enzymes exhibit an optimum temperature, at 
: which the activity is greatest, and then falls 
again with further rise of temperature^ Thia 
; may be due to tlie coagulating effects whioh a 
; moderately high temperature usually has on 
tho majority of colloids. 

i In certain cases it has been found possible 
i to obtain by dialysis from a given enzyme tiro 
^portiorth, a ^ialysate and a residue; neither 
' portion alone is active, but the hydrolytlo 
I activity is restored when the dialvsste is aoded 
I to the dialysed residue. This rosidoe is ds* 

1 composed when boiled with water, and Is tha 
t enzyme proper, whereas the dialysate is not 
' decomposed when boiled and oont^oS tbs oo* 
I enzyme (see art. FE^KEHTanoK). In the CMS 
‘ of liver lipases it has been proved tbei botit 
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rnzymr nnd ca-f“n7,yinf Jvro MHcntial for the 
liydrolvuiH of cstrrs. and it Ima alxo bot'n proved 
that the ro-enzynic ih a niciallic Halt of tauro- 
choliu acid. In living? tinnucs a numlxT of 
comjdox fnibstanfO.H arc j)resoiit which arc 
capable of inlcrfcring with the specific action 
of an ciizymo. These are termed nnti-onT-ymes ; 
Hom(5 are Jiormnlly prewent in tisHues, others 
appear to lx* foruKtl when an enzymc' is injoctctl 
into flic iifisne. 

A \ iew peneraliy lield with regard to the 
incehaniHni of en/.yrne reaction is that corn- 
jxmnds jierliaps of the ty]Ki of ' absor|ition coin- 
pomaU ’ (Hayliss) are lornied between the 
enz.yine und sidistrale, and that tin* ubaorlnMl 
materia! then reaeta with water (,src art. 
Kkumknta'Won). The fa<;t that a P]K'eilie 
enzyme ean hy<lt'oIys(' only certain jiartieulai 
suhHtrati'H m jn harmony with this view, as 
it is known that ehemieal coiistilnlioii jilay.s 
an important part in abHorplioii jiluaiomena 
(ZunK, Ar< h nitiT. I'livsiol. HH»7, .‘i, ; 

llediji, Bio-Chem. J. l'K)7, 2, 112: Aeree, ,!. 
Ami?r. ('hem. Noe. l!H>8, d(». J7.'id: vp. also 
I'leundlieh, Zcitseli. ]>hvBikal. (‘Iieiii. HKj7, .77, 

d. Alcoholysis. Keaelions 111 wlneii aleoliols 
play mueh tin' Hamo jiart uater in hydrolysiH 
are UHiially f^rouped together under the name 
aleoholynia. Tlie reaction with methyl aleoliol 
is ti'rmed ‘ inrllKniohfsi/i,' and that with (dhyi 
* flfuitmlitxi.'i,' 

Tho ethanolysiH of an acid amido in the 
proseneo of a mim'i'al acid is analogons to the 
hydrolysis of the umul<‘ by dilute mineral ucida 

shown by tho two eijiiations: 

IVO^SJ^f^+H’Oll 

The latter reat'tiim liaH Imm'ji studieif in detail 
hy Heed (Amor. ('hem. J. liKh), 41, 48d). The 
reaetion is biTnolecnlar as the catalyst is gradu¬ 
ally neutralised by ilie ammonia formed in the 
reaction, and proceeds at an candy measurable 
rate at .70" in tho ease of benzamide. 
eom|>ariHoii of the values of K for 
p- and la-nitrobonzamide shows that this is 
rifi, a value practically identical with tho ratio 
for the hydrolysis of tho two amides. The ratio 
oi tlip constants for lionzamido and Tn-nitro- 
lienzamido varies considerably uith the concen¬ 
tration of the hydrogen chloride. The jircsence 
of small amounts of water on the rate of alcoholy¬ 
sis U also marked, just as in the case of the 
osteritiration of an acid, and similarly ortho- 
substilttents appear to have inlybitinR efTccts. 
Tho general eonelusion drawn ia that thc 
mechanism of alcoholv'ths is analogous to that of 
hydrolj'sia, and consists in tho formation of 
salts ^tween the amide and the mineral acid 
arid tho reaction of the complex cation with the 
alcohol. , ' ( 

Another common type of alcoholysis met 
with is tho copveraion of an ester of a given acid 
into another ester of tho same ivcid by means of 
an alcohol, e.g .: 

R-COOEt+MoOH^tRC'OOMe f EtOH 

This ohoage does not take place readily except 
in the |veoonoe of a catalyst, tho most efficient' 


being sodium alkyl oxide (Purdio, Chen. Soo. 
Tranw. 1887, 47, 802; 1887, lOl, 627 j 1888,53, 
391; (‘laisen, Ber. 1887, 20, 046), hydrogen 
: chloride (Patterson and Dickinson, Chem. ^c, 
Trans. 11)01, 79, 280), sodium hydroxide (Hon- 
riques, Zcitech. angew. Chera. 1898, 338; 
Pfnnni. Monalsh. 1910, 31, 301; Kommenos, 
M. 1910,31, III,flH7; 1911, 32,77 ; Kromann, 
ihuJ. 190.“), 2(i, 783 ; 1908, 20, 23) or ammonia 
(Leuchs and 'J’heodoroscu, Ber. 1910, 43, 1239). 
As a rule only a small amount of the catalyst 
need 1)0 used, but with tho esters of aromatio 
acids saturation with hydrogen chloride is 
iH'ccHHary- 'I’hc reaction appears to be rover- 
sible, as il is jioHsihle to tran.sforni an ethyl into 
a methyl and conversely a methyl into an ethyl 
ester. The reaction is not limited to methyl and 
ctiiyi (“siciH, but can be applied to more complex 
csteis, such as benzyl and jihenyl, und also to 
glyceryl csti'rs {cp. llallor, C'oinpt. rend. 1906, 
14:1, 6.")7 ; 1908, I4(>. 259 ; l'’anto and Stritar, 
.Monatsh. 1908, 29, 299), and is a most oonvenient 
laboiatory method for tl\r> conversion of a given 
ester into another e.ster derived from the same 
aei*!. 'I’ho eaterfi of the great majority of ali- 
pliatie and aromatic .ai'ids react in this manner, 
but Sudboroiigh ami J^hlwards have shown that 
wjien tho esters are derived from diortlio-sub- 
stituteil benzoic acids the transformution cannot 
be utfeoLed bv using citlu*r sodium allcyl oxide or 
saturating with hydrogen <• 1110^10 and boiling 
for some time. Kven wlion several substituents 
iiH' present transformation occurs, provided the 
ortlio- jiositionB arc free. 'J’his indicates that the 
; transfonnatiun of esters under tho influence of 
I hydrogen chloride is analogous to the oatorifica* 
j tion of an acid by tlie same catalyst. 

This aniilrigy lias been further confirmed by 
determining tlie rates of alcoholysis of various 
(•sters. '■J’lieHe changes cannot bo nioaaured by 
a sim))le ehemieal inothocl as in the case of 
esterification or hydrolysis, but use has been 
nuulo of tho volume changes which occur and 
tho results obtained by dilatometric readings 
: at constant temj>erature indicate that with an 
I excess of the alcohol and using hydrogen chloride 
as catalyst the reaction 

MeOH4 R-COjEt->EtOHf R-COjMe 
; is practically unimolecular. Tho steric effects 
1 are very similar to those met with in the ooso 
‘ of catalytic cateriHcation (Kolliatkar, Chem. Soc. 

I Trans. 191.7, 107, 921). {See Estkrification.) 

Similar transformations can be brought about 
in the cjihc of the alkvl othera of carbonium 
^CH:CH 

bases, e.g. I (Decker, J. pr. 

! ^NRCHOEt 

; Cdiem. 181H), [ii.] 45, 182), and of tho oxygon 
! ethers of substituted thic>carbamido8, e.g. 

' OEt-CHj-XH-C'S-XHPh 

->OMe*CH,NH-CS-NHPh 

' (JohnjiouandGueBt,J.Amer.Chom.8oo. 1910,32, * 
1279). Comp, also Kuntze (Aroh. Pharm. 1908, 
24G, 110). An interesting ease of alooholysis 
o^erved by VViUststter and Stoll (AnnaleD, 
19/.0, 378, 18) is the conversion of amorphous 
chlorop^hyll into crystalline chlorophyll by ethyl 
alcohofin the prince of on enzyme ^ohloro- 
phyllaso,’ which accompanies chlorophyll in 
plant tissues. The reason consists m the 
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replaMinent of the cooiplox phytyl ^fronp by 
the simpler ethyl ^froup 

CO,ll-C,.n«N.Mg(C<),Mc)(00,r„{l3,) I-KtOH 

-C3oH^$OH + COJU■(!a,H„^4MB(COaM.^)a'f)^Kt) 

For ftlcoholysis of acid amides «n(i tliio- 
amides using morcRptana instead of alcohol.-*, 
«c Kood, Cheiu. Soc. Abstr. 1913, 1, 975. 

.1. J. S. 

HYDROMAGNESITE. Hydrated basic car- 
bonaUi of luagiifsiuni, 3Mg('UsMg(()H),'3lijO. 
t)ccurring as small, at-icular, or hlad<‘d (tjrtho. 
rhombic or monoclimc) cryataLs but iiujn* often 
as white, earthy, or chalky mas.se| It m a 
mineral of Bee(jndary uritfin, and iiKunlly oicnrs 
RK veins in 'B(*r}>entme, from which it ha-* been 
derived. It jh sofftT an<l lcs.s hea%’v (ap.gr. 
2*16) than niugiK'.aito. AVhen calcincil it can 
bo used for the .satn*> puipose.a as magncaiU' 
('T.r.). A large rlepo.sit i.-< (juarried at Atlin, in 
itritiali (’olunibia (for analyw^H, sn- (J. A. 

Sum, llc)i. tiI(*ol. Survey, Canada, 1915); uml 
there i.s u considerablo quantity available at a 
spot 93 milos north of A.-^licroft. in the Lillooet 
district of Hntisli Columbia. Several occur¬ 
rences are ktiovj) in California. It is uIno found 
willi the ma.ssive magnesite of KuIkcu in Creece. 

\u .1. S. 

HYDROMETER r. Si-hriKir oi< nm i 

HYDROPHANE v. Oi*al. 

HYDROPYRIN, A trade niimo for sodium 
ftOCtvlflftHeylato. v. Svnthkiio imrus, 

HYDROQUINONE, HYDROTOLUQUINONE 
r. I'HKVoi. AND rrs iio.MOhooriCM. 

HYDROQUINONE CARBOXYLIC ACID r. 

PROTOCA’I'KCHUte ACID. 

HYDROSOLS Coi.i»rns. 
HYDROSULPHITES e. Suli uck. 

HYDROXYACETOPHENONES r. KBToNiCs. 

HYDROXY ACIDS. Oxy oftdit. Tho organic 
hydroxy acids arc derived frfim the correspond¬ 
ing non-hydroxylated ucitU by tho replacement 
of one or more hydrogen atoms in the hydro¬ 
carbon radicle of the acid by the Hame number of 
hj'droxyl gnuips. According as the hydroxyl 
group is introduced into a fatty railicle or into a 
benzonoid radiolo, the resulting acid is an alcohol- 
acid or a phenol-aci'l. 

Hydeoxy Acids or tub AurnATic Seeiks. 

There are several groups of hydroxy acids of 
the aliphatic series and these will be discussed 
Aeriaiim. 

I. Monohydroxymonocarboxylle acids 

Tho most important raonibcra 

of this group are glycollic, lactic, bydraorylic, 
hydroxyDutyric, and hydroxystearie acids (q.r.). 
Tney occur naturally, r.g. glycollic acid in un¬ 
ripe grapes and in the leaves of Amptlojmis 
(Vitis) hedeiwea (D. C.), lactic acid in the 
juice of the muscles, in sour milk, in pickles 
and in the gastric juice. 

General method* of preparation. t 

(i) By tho careful oxidation of diprima^, 
primary secondary, and primary tertiary 
glycols with dilute nitric acid or with platinum 
black and air, e.g. lactic acid from glycol. ♦ 

(ii) By the reaction of aldehyde aci^ keto- 
Mid dicarboxylic a<uds with stxUum ; 

amalgam or with itoc and hydrochloric or 
BOlphttric acids, «.g. lactic*acid from pyro- 


raoeniio acid and glyoollio acid from oxalic 
, acid. 

(iii) By boiling monohalogcn fatty acid 
with silver oxide, alkali, or with water or by 
distilling them, r,g. glycollic arid from montv 
. chloToaretic acid; hvdracrvlir acid from /}-oliioro- 

Q ionic acid ; y-butyrolactono Irom y-ohloro> 

^ rif acid. 

(iv) Pv tlie actitin of nitrons acid on amino 
acitls t)f the fatty Horica, c.j/. glycollic acid from 
glycine. 

(v) Hy tho notion of hydrogen cyanide 
followed by hyditichloric acid on aldehydes, 
ketouevs, anti glycolchlorhydrin.'i, c.ff. lactic acid 
from acclaldtdiydc; hyilracrylio acid from 
glycolchlorhytlrin. 

(vi) By treating imsatiiratod* aolds with 
h^'drobnuiiic acid, tir witii tlilute Hulplmric acid 
or by distilling them, c.y. y-valerolactone from 
allyliicct ic acitl. 

—Thc.se acids mav l*e subdivided 
into three gmufvt, inimary. scotjndarv, anti 
(crtiar\ acid-. f\<j. Iiytlracrvlic acitl, 

■ ^11 ' 

cirjdll) (M'OJI, 1,,,'fic ill'M. (’H ,■('■(;«,U .vnil 

' II ' (ift 

a iivdroxvi'tobiH vric ncitl. ('H‘‘(IHHH. They 
'-OH 

also exhibit difTcivnccs in their properties de¬ 
pending on tho ptwiition of the hydroxyl group 
in tlio molecule, i,c. whether they are o-, fl* or 
y-liydroxy-acidH. They arn nioro solublo in 
wfiUu', but h'SH Hoitihic ill vthor than the curro* 
H^Kuiding fatty acids. Th(*y are also less 
volatile and, os n rule, cannot bo dislillod un¬ 
changed. 

(fcncrnl rcaeliovA. 

(i) Like the fattv acids they yield through 
change in tho carboxyl group nurmal Halts, 
esterH, i^iidcH, and nitnloH. 

(ii) Ako tho alcohols, the hydrogen of the 
hydroxyl group may lx> replaced by alkali 
metals *or by alkyl grouiis awo by tlio action 
of acyl chlorid(W or of a mixture of oonoon* 
tratcfl nitric and Kuipliuric acids, acid radicles'’ 
4 )T the nitro group may be substituted fo’* it. 

(iii) PlioaphoruB jx'ntacliloride repla^M tho 
two liydroxyl groujw by chlorine, e.g. glycollic 
acid yields ehlorocetylcnloride. 

(iv) Hydriodic acid reduces the hydroxy 
acids to tho corresponding fatty ados, e.g. 
propionic acid from tactic acid. 

In tho above reactions the hydroxy acids 
behave similarly, but on oxidation or by tho 
application of heat, those acids show groat 
difrerenceH. 

(v) On oxidation these acids yield<*different 
products, according to whether they are 
primary, secondary, or tertiary acids. 

(u) Primary acids yield aldehyde acids and 
dibasic acids, e.g. glyoolUc acid 3 neids glyoxyUo 
and oxalic acids. ^ * 

(6) Recogdary acids yield ketonio acids ; tho 
a-kotonic acids change to ^dehy^ and OMbon^ 
dioxide, tho ^-ketonic acids tp katouM Mid 
carbon dioxide, e.Q. lactic acid yields pyniyio 
acid, which changes into acetaklehyos and 
carlmn dioxide. 

(c) Tertiary o-hydroxy acids yieia ketofioa, 
e.g. a-hydror^fsobutyrie acid view aostoaou 

(vi) By the ^>{^lcation of heat, ditforenfioi 
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in deportment are slio#n by these acids, accord¬ 
ing as they are a-, B-, or y-hydroxy acids. 

(a) a-nydroxy acids lose water and b^omo 
cyclic double — the laclidoe, e.g. lactic acid 

becomes laclidc, two molecules of the acid 
condensing with the hws of two inoIeculcB of 
water. 

(^) ^-Hydroxy acids lose water and become 


(ii) By fusing the sulphonic acids with alka¬ 
lis, e.g. salicylic acid from <-tolueneeulphomo 
acid. 

(iii) By fusing the homologous phenols with 
I alkalis, wnon the methyl group attached to the 
! benzene nucleus will be oxidised to the carboxyl 
I group, e.g. salicylic acid from p-cresol. 

' (iv) By fusing tlie phenol aldehydes with 


unsaturated acids, e.g. hvdracrvlic acid becomes I potash, e.g. salicylic acid from saUcylaldehyde. 

.... »»».'. I f, , „„pV,,,n .lirtvIHA rm fl 


acrylic acid. 


(v) By ih(' action of carbon dioxide om the 


(r) y- and 8 -IIydroxy acuds lose water at tlu- , dry sodium salts of the phenols at high tempera- 
ordinary temperature and ciiange more or less : tiires wlion llic carbonic acid usually enters the 
completely into aimple cyclic esters—lactone.s. ' ring in the position ortho to the hydroxyl group, 
II. Aldehyde acids. Kormic mud is the ; e.g. salieyl'c acid from sodium phenate. 
simplest member of this group of acids, and also ! (vi) By boiling the phenols with carbon tetra- 
of fatty acirl s«“ries. 'I'he next member js ehlorjd<‘ and caustic potash, the carboxyl group 
glyoxylic aoid, (JllO-COJl. Its claim to be entering the ring generally in a position para to 


eonfli(lcr«‘d here lies in tin; fact that all tlie salts 
are derived from the dihydroxy formula of 
glyoxylic acid (OIllaCH'COjll, and thus it 
iKdiaves botli as an ahh'hyde acid and as a 
dihydroxy acid. For details a.s to this group of 
nci^H i>. dnyoxvr.ic acid. 

]1I. Monohydroxydlcarboxyllc acids 

Vailoua groups of monohydroxydicarboxylic 
acids arc known, corresponding to the several 
groiijw of dibasic acids {g.v.). Tlio most iin- 
iwrtant, acidb (,f this tyin- arc turtromc. jj"' (.gkur'ort 'viiiu/t 'b 7 f(’rric’ 
malic, a glutaimi ami paraconio acids. Ihcy ' chlorotorni. ‘The m-acids are coloured 


the hydroxyl groups; o-acids are formed in 
small amounts, e.g. p hydroxyben7,oic acid from 
phenol, carbon tetrachloride, and caustic potash. 

Properties .—When these acid.s react with 
carl>onates only the hydrogen of the carboxyl 
group is replaced by moial; but with alkaline 
hydroxides they behave like foeblo dibasic 
acids, and the hydrogtm of the phenolic hydroxyl 
IS also replaced: c.{f. in dlsodium salicylate 
CaH 4 f ONa)CO()Na. Carbon dioxide will convert 
the latter into the former. The o-acicls, unlike 
tlio m* and p-aoida, volatilise in aqueous vapour. 


! red brown when heated witii concentrated 
I siilpliunc* acid and are converted into hydroxy- 
i anthraquinonea : llioy are usually more stable 
' than tlie o- and p acid.^i. Boiling hydrochloric 

‘ i dioxide 


occur in nature; thus malic acid m unrijie ■ 
gooseberrieM, and in rliulmrb; a-hydroxy- , 
glutaric acid in mohissos. The acids in which ; 
the hydroxyl grimp ocniiiy the y posilii.n witlj j 

reference to the carboxyl >troup. when aeparetec : .leeoniposes the p-acids into i'orbon , 

from their aalle, readily part with water and , ,,|,gnolH. All the hydroxy acids decompose 
boe^me lactones, f. 7 . paraconio acid, llic ‘ ^nd carbon dioxide when distilled 

methods of preparation are very similar to those | 

of the monobnaie ocids. 1 if. Dlhydroxyaromatlo acids. The most im- 

Dihydroxydtoboxyllc acids. Jho most member of this class is protocateehuie 

important acid of tins Krnnii is t,ai lane acid be prepared by 

(q.v ). Mcsoxelio acid, wliicli is ketomalomc 'methods as were used for the mono- 

aeid, exhibita taiitonierism and behaves both 1 , y Tlie carboxyl Rroup 

ns a kolo-aoid and as a dihydroxy acid. : j/mgre' readily introduced into tlic dihydroxy- 


V. Hydroxytrioarboxyllc acids. The most 
important acid of this group is citric acid (g.i'.). 

& < 

HrORoxY Acids op thk Ahomatic Sktues. 

If the hydroxyl group is attached to tlio ; 
benzene nucleus of a earboxy acid derived from 
benzene or its bomologiuis, the acid thas formed ! 
is a phenol acid. Examples of this class arc i 
the three isomeric hydroxyl>enzoic acids, which [ 
have the formula C 4 H 4 {bH}COOH. On the i 
other hand, in the rase of earboxy acids derived ■ 
from homologuee of btmzene, a hydroxyl group i 
mav ba introduced into a fatty lateral chain, ; 
and in such a case the rceulting acid is an alcohol ; 
acid ; such an acid is mandelic acid 
C,H»-CH{OH)COOH 

1 Monohydn^^aromatlo acids. The most | 
im|A}rtant members of this group of acids are | 
salicylic, «• and p-hydroxylx‘nzoic and anisic j 
acids (^.D.). They occur in nature ; thu.s sali 
oylio acid is ^ound in the buds 


! benzenes tlian into the inonohydroxybenzenes. 
This may bo effected by lieating the compounds 
■ with a solution of ammonium or sodium car- 
bonate at 100°-130". The dihydroxybenzoio 
: ucitls break down when heated, into carbon 
dioxide and diliydroxybenzenes. 

! III. Trlliydroxyaromatic acids. The most 
I important raembera of this group are gallic and 
! tannic acids {g.v.). 

HYDROXYANTHRAQUINONE v. Amzabi* 

' AND ALIJKD COLorRENO MATTERS. 

HYDROXYBENZALDEHYDE v. Saucyl- 

At.DEHyDK. 

HYDROXYBENZENES v. Phenol and its 

n0M0IX>0\JKS. 

HYDROXYBUTYRIC ACIDS C4H,Oa. 
a-Hydroxybutyrlo acid 

CH3CH,CH(0H)C0,H 

LVepared by treating a-chloro- or a-bromo- 
butyric acid with barj'ta (Markownikow, Anna- 

. * .... __ -.iT _:-i. -:i_/V_- 


la of Spiraa i len,‘ 153, 242) or with moist silver oxide ^aa- 
id eater in oil ! mann, Annalen, 119,115 ; Friedol and Maobnoa, 
} ihuk* 120, 279); by treating the c; 


t/biuiria (Uim.) and as the methyl c— — -,-. . , . , 

of winter-green. | ihuk* 120, 279); by treating the cvanhydzin of 

(hnmJmeUiods of prevaraii&H. j propion^ldehyde with hydrochlOTO a^^wd 

(i) Bythe action ot nitrous acid on the ' saponifyiM the nitrile thus prodooed (wbaiby^ 
amino-aCddi, t.9. salicylic acid from anthranilie | J. Russ. ^em. Soo. 8, 3S5); by heating euyi- 
1 ^, > tartronio acid at 160*^ (Onthsdt, Ann a leni 909, 
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234> ; by boiling 100 grams of a-bromobutyric 
sotdf 500 c.o. of water and 1 molecular proportion i 
of Mtaaaium carbonate for 5 to 6 hours (Bischof! | 
and Walden, ibid. 279, 104), Forms white 1 
cTysialB, m.p. 43‘’-44®, sublimes at 60®-70* and i 
boils at 225 . Chromic acid oxidises it to acotio I 
and propionic acids, whilst electrolysis of a con- ! 
centrated solution of the sodium salt results in ; 
the production of propionaldehydo and formic 
acid (Miller and Ifofor, Jier, 1894, 408). It htw 
been refiulvod into its optically active ccmiponcnts 
by fractional crystallisation of the brucine salts 
(Guye and Jordan, Compt. rend. 120, 502, 032, 
1274), , 

)3-Hydroxybutyrlc acid I 

CH3-CH(0lI)ClIa-CU,H 

Prepared by the reduction of aceto-acctic ester ! 
witFi sodium amalgam (\\'i.siici'mis, Annalen, 
149, 205); by the action of piita-iHium cyanide ; 
on a-propylcncchlorliydnn and sapomlication of 
the nitrile thus formed (Alurkownikow, t/jid. Jr>:i, 
237). It forms a thick syrup, which is volatile 
in stoam and on Jicating decomposer into wrUt 
and crotonio acid. It has been resolved into 
ite optically active compouenw by fractional 
catalisation of the quinine salts (McKenzie, 
(iem. Soo. Trans. 11K)2, 1402). l /^-llydroxy- ; 
butyric acid occui’s in the urino in couftiderablo 
(juuntities in cases of (/tnbttc.v rnrliitu'* (l,aud, 
(Jheix). Zentr. 1809, ii. 03; Uergell, ZeitHeh. , 
physiol Chem. 1901, 33, 310; Minkowski, 
Chem. Soc. Abstr. 1885, 413 ; Kulz, Zciti>ch. Biol. ' 
20, 1G5). (Fur estimation in urine e. Schaffer, 

J. Biol Chem. 1908. 5, 211 ; Black, ibid. 207.) , 
Tho liver cells contain an enzyme, ^-hydroxy- \ 
hutyrase, which converts ^-hydroxybutyric acid ; 
into aceio-acetic acid (NVakcmun and Bakin, 
i6irf. 1909, 0, 373). 

y-Hydroxybutyric acid 

Cllt(OH)CHaCH,CUjtlI i 

readily loses water cvcil at tlio ordinaiy tem- ' 
perature passing into the cyclic ester, butyro- 

I . I 

lactone CH,'CHj'CH| CO O. Butyrolactono was 
discovered by Saytzeff in 1873, hut he regarded 
it as the dialdehydo of succinic acid. Mo pro- , 
pared it by tho reduction of huccinyl chloride in 
acetic acid with sodium amalgam (Annalen, 171, 
261) It may also be prepared by the distilla- , 
tion of y-chlorobutyric aeia at 180“"200'’ (Henry, ! 
Boll, Soc. chim. [ii.] 45, 341); by the interaction ; 
of ethylene chlorhydrin and acctoacetic ester and 
deoompoeing the resulting product with Imryta ; 
(Chanl^ff, Annalen, 226, 325); hy treating a 
Bolution of succinic anhydride in ether with : 
sodium amalgam and gr^ually adding hydro- 
chloric acid to the product (bichter and Her- ' 
brand, Bcr. 1896, 1192 ); by heating y-phenoxy- 
butyric acid with fuming hydrobromic acid 
(Bentley, Haworth and Perkin, (liem. Soc. Trans. | 
1896, 168); by the reduction of aldehydopro*^ 
pionio acid with sodium amalgam (Perkin and i 
Spraakling, >6uf. 1899, 17). It is a colourloes oil, 
b.p. 206^ ^ttig and Boeder, Annalen, 227, 22); ; 
».gT. 1’1280 Tsyc^; it is volatile in etc^m, 
Quomio Acid oxidises it to auccioic acid; beat¬ 
ing with hydriodio acid converts it into iodo- ’ 
bntyxio oda (Saytsefi, J. pr. Chem. 26, [ii.] 70). 
2 i mots inth magnesium methyl iodide, forming 


8-methylpentano-aS‘diol (Henry, Compt idnd. 
1906,14a, 1221). 

a-HydroxyiiobatyHe neU (Ouiyi-lactinio add, 
Aceionie acid, Dtmeibyl oxalic ae^ 
(GH,),C(OH)'CO,H 

Prepared by treatii^ aootono with prussio and 
hydriK;h)orio acids (Stoodoier, Annalen, 111, 
320; Markownikuw, ibitl. 146, 339); by 
treating dimcthyiuxalio ester with sine and 
methyl iodide (Frankland and Buppa, ibid. 135, 
25); by liciiting ucetKincchloroform to 180® with 
water or by boiling with caustic soda (Willgerodt 
and SchifI, J. pr. Choin. 41, [ii.] 519 ; Ber. 1882, 
2307); by heating a-bronio- or a-cLloro»«obatyrie 
acid with autcr to IKO'^, with baryta, or '^th 
caustic soda (Markownikuw, Annalen, 163, 228; 
FiLtig, ibu/. 200, 70; OstropjatoV, J. Russ. 
Pliys. (3u'jn. Soc. 28, 51); by treating a-amino- 
K-<oDutyric acid with sodium nitrite (Tiomann 
and Fncdluiider, Her. 1881, 1973}; by treating 
Mobutyriu acid with iMitussium permanganate 
(Meyer, Annalen, 219, 240). it forms hygro¬ 
scopic prisms which sublime ut about 60®, and 
when fn-ahly sublimed melt at 79°; b.p. 212® ; 
volatile in steam. Oxidation with chrutnio acid 
converts it into acetic ncirl, acetone, and carbon 
dioxide ; fusion with caustic soda yields aoetooe; 
boating with phosphorus pontoxide yields 
acetaldehyde, acetone, acetio acid, and other 
products (Uischoff and Walden, Annalen, 279* 
111). Arrfo/ie chloroform 

(Cir3),C(UH)<Jci, 

is an iatcreBting derivative of iliis acid, 

HYDROXYCODEINE e. OnuH. 
HYDROXYETUYLANILINE 


o 


,NHCH,CH,'0M 


Prepared by heating u mixiuru of aniline, water, 
and otlnleuechlornydrin. B.p. 286®, ■p.A. 
1*11 at slightly soluble in w*ater: readSiy 
soluble in alcohol and ether. Used in the 
manufacture of indigo. d 

MYDROXYLAMINE NH,0K. Biscoverwi 
by Lossen (Annalen, Huppl 1868, 6,220) in 1866^ 
l^ut until 1891 only known in the form of saiU 
or in aqueous solution. Obtained the 
reduction of nitric acid with metals under 
suitable conditions (Divers, Chem. Soc. Trans. 
1883, 443 el etc*/.; 1885, 597 el seg.); the 
nxiuction of nitrates, nitro bodies, Ac., with 
finely divided metals (Wohl, £ng. Pat. 11216; 

J. 8^. Chem. Ind. 1805, 595); by the eleotroly* 
tic reduction of nitric acid, nitrous acid, or th^ 
salts or other derivatives in the presence of a 
second acid electrolyte at a low temperature 
(Boehringer ^nd Bohne, B. B. PP. ■ 4M467, 
137697; Fr. Pat. 319187; J. Soc. Chem. Ind. 

1902, 1458 ; Compagnie Parisionne do Conlenrs 
d’Anlline, Fr. Pat. 322943; J. Soc. C!hem. 

1903, 425; Tafel Zeitsch. aners. Ch/tOL 1902, 
31, 2.0; ^boeh and Pritchett, J. Amor. 

Soc. I9l6,3^ 2042); by the reduoHon of nitnten 
with sodium amalgam (Divers, CStem. 8^ ^ 
Trans. 1899, 80) or with solpUtes (BasoUg^ 
£ng. Pat. 3028; J. Soc. Chon. Ind. 18^ 
210; EichJioff, Arch. Pharm. 27, [iU.] 712 ] 
lidoff, J. Buis. Chem. Soo. 1884, 76l; JMmi 
and Haea, Chem. Soc. Trana, 1887, 6 qI ; 

1065). It is best prepared by tab^ a aatt* 
oentrsted aqueous solution of 
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sodium nitrite (2 mols.) and sodium carbonate 
(I mol.) and passing in suljdmr dioxide at —2® 
to —3® with constant stirring until it is just 
acid. The solution is warmed gently with a 
few drops of sulphuric acid and then kept at 
Ud'-Oo" fur two (luys. It is then Jieutralised 
with sodium carbonate, evaporated until the 
solution wi'ighs about lOJ-11 times ns mucli 
as the sodium nitrite originally taken, when rni 
cooling nearly all the sodium suljiliatc erystal- 
lisoH out. Th(' hydroxylainine sulphate is 
obtained from Iho mothei- liquors and jmrilied 
by rcerystallisation (Divers and Jfaga, Lc.). 
.louve ((’ompt. rend. 128, 434) 1ms jirejiared 
hydroxylainine synthetically by tlic direct 
union of hydrogen and nitric acid in the prc.sencc 
of spongy platinum at ! jr)'’~12U''. The aiiliy- 
flrous compound may he obtained by dis.solving 
hvdroxylaminc hydrochloride in ubKolute methyl 
alcohol, udiliiig a solution of sodium methoxide 
in the same solvent, scjiaiating the s<jdium 
ehlorido so formed and (ii.stilling off the greater 
]>art of tli(‘ methyl alcohol under lOl) nun. 
jneasur<‘. 'J'he icsiduo is disLilli'd in small 
jiortiouM under 2b mm. pressure ^\ith the 
addition of a little vaseline to jirevent frotliing, 
When the solid hydrovylanmie begins to come 
over, the receiver is cliaiiged and cooled to 0°, 
care being taken that the liydroxylauiiiu' lapour 
doc.s not come in contact «ith air at (Hb-TO''', 
as then cxjiloWons occur (Lohry de Jiniyn, Dec. 
Irav. clnni. lb, Ibb ; 11. IS ; also Mnihl, Ber. 
JKIH, 1347). (Visrnor (Hull. Soc. cliim. (i, [in.] 
7ft3) obtains it by heating zinc {lihydroxylainine 
chloride, and Uidenhuth (Annalenj 311, 117) by 
the diiniillalion of the jiliosphaie under ruducod 
pretwuu'; tlic solid tlius obluimal may lie 
puriHt'U by rrystallisution from ahsoliito alcohol 
at —18" (Kblcr and Schott, J, pr. t’licm. 1008, 
78, [ii.J 289). 

According to Baudisch and denner (Her. 
1916, 40, 1182) hydruxylamino may b^-ubtained 
by cautiously adduig the finely powdered dry 
sulphate to liquid ummoma ni a quartz tube, 
removing tlie ammonia by evacuation, and 
extracting the free hydroxylainine by alcohol. 

Hydroxylamino forms while inodorous Hcale.s 
or hard needles, sp.gr. D3 (circu), ni.}). 33*05 , 
h.p. r>8® under 22 mm. Heatetl to 100° it 
decomposes, ammonia, nitrous and hyponitrous 
acids l^iiig the lirst products ot decomposition 
and these then interact with the formation of 
nitrogen and nitrous oxide. Readily soluble in 
water, and to a less extent in ethyl and methyl 
alcohols, and in boiling ether (Do Bruvn, Ber. 
1894, 967). When jmre it is stable bt'luw 15\ 
hut alkali decomposes it. 'J'ho aqueous solution 
and odourless, has a ^rong alkaline 
reaction, and gives precipitates, insoluble in 
excess, with salts of Zn, Ni, Fe, Al, Cr, but not 
with those of the alkaline earths, in its general 
reactions rcscmhlas a solution of ammonia, 
although it is Isas basic than that substance. 
It acts as a strong reducing agept, f.r/. with : 
CuSOa solution it gives a rod precipitate of 
()u»0: it zedira HgClt to HgOl. anq precipi¬ 
tates the metals from solutions of AgNOg, AuCI». 
and PtGl 4 . It can alm^ act as an oxidising a^nt 
bedng itara reduced to ammonia Ber. 

180(k24M; BilU. ibuL 1866, 2080; Dunstan , 
and IhnBond, Chom. Trans. 1887, 646). 
Thus w idkoime eolutioa it uunverts ferrous 


hydroxide into ferric hydroxide, whilst in aoid 
solution it reduces ferric chloride to ferrous 
chloride. Oxidation converts hydroxylainine 
into nitrous oxide and nitric oxide (Arndt, Ber. 
1900, 33) and caustic soda decomposes it into 
nitrogen, nitrou.s oxide, nitrous acid and water 
(KolotofT, .1. Russ. Phys. Cheni. Soc. 25, 295). 

'J’he salts of hydroxylamino are readily 
soluble in water and alcohol ; they crystallise 
well an<l an; anhydrous. 

By treating liydroxylaniiiu! sulphate in the 
cold witli sodium nitrite and then adding silver 
nitrat(‘, a yellow jireeijhtate of silver hypti- 
nitrile is obtained (Wislieenus, Ber. 1893, 771; 
'I'unatur, , 1 . Ruhs. l^liys. (3ioni. yoc. 25, 342 ; Ber. 
1891, 187). By jiassing sulphur dioxide througli 
a soil] Lion of the hydrochloride or sulphate, 
ammonium sul[)liate is produced ('ranatur, Ber. 
1899, 241, IblO). lillher and Schott (J. pr. Cheiii. 
1908, 11 . 78, 289) have jircjiured metallic salts of 
the tyjie 11(0X11 .where H i.s any divalent 
metal : alkyl l)y<lroxylamiiios have been pre¬ 
pared by the airtion of alky! halides on hydroxyl- 
anmie (l)unstaii ami Cloulding, (’hem. Soc. Trans. 
1899, 792; r. also M. I89b, 839; Do Bruyn, 
Rcc. truv. chim. 1.5, 185), 

JJefccfio//- and cfiluiMUon. —Hydroxylamino 
may be detected h}'’ its action in reducing 
BiUTeswil's solution willi tlio formation of 
i'U])rouH I'xide (Adams and Overman, J. Amer, 
Ohem. *Soe. 31, (137); hv adding sodium nitro- 
prusside to a mnitral solution ami then u little 
caustic Hode, w’hen a magenta red coloratitin is 
produced (Angoli, (Jazz. chim. ital. 23, ii. 1U2); 
or by treating it with sodium acetate and 
benzoyl clilonde with the formation of beuzhy- 
droxamie aoid wliieh gives a violet-rcd colora¬ 
tion with ferric ehloricle (Bamliorger, Ber. 1899, 
1805). Jt may be esliinuted by titration in 
alkaline solution w’ith mercury acetamide, which 
is reduced to metallic mercury (Forster, Chem. 
Soc. Trans. 1898, 785); by oxidation with 
vanadic sulphate, measuring the nitrogen evolved 
and titrating the vanadous sulphate with 
potassium permanganate (Hofmann and Kus- 
pert, Ber. 189(5, 64); by adding excess of 
standard titanium trichloride and titrating back 
the cxct«3 with potassium permanganate 
(Stabler, ibid. HlO-l, 4732 ; r. also ibid. 1909, 
2695); by titrating the solution with potassium 
{Mirmaiiganate after the addition of sodium 
oxalate (Simon, Coinpt. rend 135, 1339); by 
reducing feme sulphate and titrating the ferrous 
salt by jiermanganato (Raschig); by boiling 
with e.xcesfl of N/19 silver nitrate solution, am¬ 
monia, and caustic soda and estimating the 
silver nitrate unacted upon (Donig^s, Ann. Chim. 
IMiys. 7, [vi.j 427). Jones and (‘arpenter (Chem. 
Sue. 'IVans. 1903, 1394) add the solution con¬ 
taining the hydroxylamine to a hot solution of 
potassium copper carbonate or tartrate with 
stirring. The solution is boiled, liltcred, the 
precipitate w'ashed with hot water and disBolved 
ill ferrous sulphate in an atmosphere of carbon 
dioxide. The ferrous salt is titrated b^k with 
potassium permanganate. 

, 4 mols. K,MnsOh==I0 mols. NHjOH 

Rupp and M^er describe volumetric |Mt>- 
ccases aepeuding on ‘the oxidising action of 
bromine (Arch, dcr Phann. 1913,'231, 295; 
Analyst, 1913, 43Z)- 
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Bfay, Simpson, and Maokeoaie (J. Amer. 
Gbetn. 800 . 1919,*41, 1363} havo invostigatod 
thm methods for the estimation of hydroxyl- 
amine : ( 1 ) reduction to ammonia by exooss of 
titanooB salt in acid solution; (2) oxidation 
to nitrous oxide by excess ferric sulphalc in 
sulphuric acid solution, with titration of the 
ferrous salt by i»ermangannte st)lution; and 
(3) oxidation to nitrous oxide by iodine in a 
solution kont neutral by moans of disodium 
hyd^en phosphate. The titanous salt and 
ferric salt methods wore found to Ik* acourato, 
but the iodine method was unsutisfactory, 

Schaetlor (Bull. Mulhouso, iKK^t) lgi.s apphotl 
the reducing })n>jK‘rlioH of luMiroxylatmiu* ui 
order to discharge manganese l)ioun. 'J'he 
hydrochloride XHjDff.HCI must )»c used. (In 
printing this upon a manganest' gnnuul the 
latter is instantly redueed to manganese ehloinlc. 

A very dark indigo, bluc-dycd on nmngancse, 
is lowered to a lighter iiinl brighter lilue by the 
olimmation of the MnO. Jn like manner 
nankin, chamois, und Himilur colours can lie 
discharged white (.). .Sck. Chein. Ind, 

160). 

Hydroxylainine und its salts have been used 
us developerB in photogiupliy, ami for reeijvering 
silver from fixing bath Holiilion.s and wast<‘ 
liquors (Lamer, .1, Soc, t hem. Ind. iKilb, H‘K)). 
It Is a powerful autisc'|>tn (.Marjimaim, I’liurm. 
Centr. N.F. 10, 24.")} and liiiM lieeii used as a 
substitute for clirysiirobin ami ji^vrogalhe arid, 
as it does not discolour the skin or Ixindagi’s 
and has a strong reducing action (Sihvi’ar/., 
Pharni. Zeit. till, fl.’iO). 

Etbylbydroxylamines r. Knivn. 
^•Phsnylhydfbxylamine ('•llaXlloiI. I'rc- 

fMimd by the rt‘dactKin of nitrobenzene (J) in 
water with zinc (llamlierger, Her. 1K94, 27, 
1348, 1548 j Wohl, ihtd. 1132); (2) in alcohol 
with zinc (Wohl, 14114; I). It, P, K41tlH; 
Frdl. iv. 44), or the zinc-ciippcr roujile (WobI, 
D. R. 1*. 84891 ; ibid. 4<l) in the prewnce of 
anhydrous calcium chloride; (3) in aqu(‘ou.s 
alcohol with zinc ainalgmii in the jircscmco of 
aluminium sulphate (Bttml>orger and KrieelU, 
Bor. 1896, 29, 864}; (4) in other with zinc in the 
presence of anhydrous calcium cbhu'ido ((Jold- 
schmidt, ibid. 2307) ; (.'>) in aqueous ether with 
aluminium amalgam (Wislicerius, ibid. 494; 
J. pr. Chem. [ii.] 54, 57); (6) in umniomum 
chloride with zinc (Kalle & Co. i). R. IC 89978 ; 
Frdl. iv. 4*7); (7) electrolytieally in acetij:* acid 
(Haber, Zeitsch. Elcktrocliciu. 1898, .5, 77) or 
in alcoholic ammonia (Schmidt, Zeitsch. physikal. 
Chem. 32, 272); by the oxidation of amhuc ui 
ethereal solution with (’aro's acid (BamlH-rger 
and Tsehimer, Ber. 1899, 32, 343). 

BaudiscU (Chem. Zeit. 1911, 35, 913) gives 
the following details for the preparation of 
phenylhydroxylaraine w'itli a view to its con¬ 
version to ‘ cupfemm ’ (f/.r.). blixty grams of 
nitrobenzene, 1000 c.c. of water, and 30 grams 
of ammonium chloride are well stinrKl, and ti 
the white emulsion is added 80 grams of zinc ' 
dost in very small (quantities, so that the tem¬ 
perature keeps between 16‘^ and 18°. When the 
odour of nitrobenzene has ccmipletely 9 ( 118 - 
ajE^ieared, the solution is drawn off ^om the 
zme hydroxide, and after (^ling to 0° oy means 
of ice, th0 liquid is se^uratod with salt, which { 
causes an abundant orystsilinc precipitate of 


phenylhydroxvUiiiine, Great care must be 
taken not to [ot this substance oome in (xmtaot 
with the akin, as it u very poisonous (Chem, 
Soc. Abtr. 1911, ii. 930). For further details, 
srf. Marvel and Kamro, J. Amer. Chem, 800 . 
1919, 41, 276: Anaivat, 1919, 143. The yield 
depends on the quality of the zino dust, but 
consistently good yiekla may bo obtained by 
jireviouHly tn.>ating the zinc dust with 2 p.c. 
mercuroua nitrate Hi»lulion slightly addined 
with lutrio acid (Kasanof, J. ind. Eng. Chem. 
1920.12,799). 

^•1‘hcnylliydroxylaraino forma colourl(5se 
nocdlcs, m.p. 81-82'; soluble iii 10 parts of 
liot und .')0 of cold water, readily aoluble in 
ulcolol, ether, carbon disulphide, and chloro¬ 
form, Hpiiringiv wo 111 J)'tndoiini. -Jt dissolvea 
in Hulphunc m'ld witli a dwq) blue colour. By 
healing ut 190'^ a/.ok'uzcno together witii 
aiiiimc, u/.oxybcii 4 ciu?, and *ithor jiroducts ant 
f'umod. Oxidation with potassium jiurmaugA- 
mile gives first mtroscjbcnzcuo, then nitrogen 
and a/o.xylicny.ciu' (BamluTgcr and THchinier, 
Her. l 8 !Mb 32, 342); in diliiU' neutral solution 
hvdrogi’ii pcnjxuh' yields azoxylw'nzene, in 
alkaline solution azoxylxuizciiu aiui nitrolienzonc 
(Bamlx'rger. thul. 19UI>. 33, 119). In the 
presence of hydroxylamino and air it ia partly 
o\idis(M] to tizoxyben/.cno and partly reduced 
to aniline, phcnyla/oiinidc, and benzenoaBO- 
hydruxvanilide also being formed (Bamberger, 
lind. 1{X)2. 35, 3893). It disaolves in sodium 
hydroxide birming a wodium sslt whiob in the 
absence of air yields azoxybenz(‘ne, and in the 
presence of air uzoxylxuizene and mlrolionBone ; 
ulcoholu! potash yields azols‘nz(mu (Baniberser 
and Brady, ibid. i9(X), 33, 271). Mineral aoids 
yield p-aimnopheaoi and azoxybeiizcnc; aiuo- 
holic sulphuric acid gives azoxylKuizone. o* and 
p-])li('nelidinu, o- and p-aminophciiula. aniline 
an<l other compounds (Bamliorger and Lagutt, 
ibid. I 8 l#<, 31, 1591). With aromatic aldehydes 

CHR. 

it yields pln-nylftldoximea of the type j .0 

NPh^ 

(IManehcr and Fieciiiini, Alti. K. Acad. Linoei. 
J{Hx5, fv.) 14, it. 36). (For constitution, t’. Bruhl, 
Z(‘itHch. jihysikal. Chem. 1H9H, 26, 47.) * 

Nitrosophenylhydroxylamlne C«H 5 X(NO)OH. 
J^repared i)y l.h(‘ action of sodium nitrite and 
dilute sulphuric acid on ^•phenylliydrozylamino 
(Wohl, Ber. 1894, 27, 1435; Bamberger, ibid. 
1553); or by the inUTuction of hydroxyUmiiie 
and nitrobcnzAUic in alcoholic sofutioo in the 
presence of sodium ethoxido (Angeli, ibid. 1896» 
29, 188,5 ; Angelico, Atti. R. Accad. lAnoei, [v.j 
8 , ii. 28). 

it crysta^isea from petroleum in AstMHfess 
needles, melting at r)8°-59''' and decorating 
at 75°; sparingly soluble in water, rca(Uy so 
in most organic solvents. On heating it decom¬ 
poses into mtroso benzene and^other sttbrtxtMief 
(fiat herger, Ber. 1898,31. 574,1507). Aicokolio 
or etllei(gii^olutions give a brownish*rcd colqM- 
tion with a few drops of dilute ferric chkxridM 
(Bamberger and Ekeersetz, ^dd. 1800, 29, 
2^112). Reduction with sodium amalgam yisids 
phenylhydrazine; oxidatiem with {Mriawnm 
permanganate nr sodium hynochlou^ fitUoso- 
oenz(me. By heating with (lilute mmeral ooidh 
nitroeobenzene is formed, whilst nitrau lidd 
yields benzcpcdiazaBium nitrite. ~ / 
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IlYDROXYLAMlNE. 


CtlpfMTOOf Ainnwfiiuin nitromphenylhydroxyU 
amine^ OeHjCNOjN'ONH^ is prepared by dia- 
Holving ^-phoDylhydroxylamine in ether at 0°, 
jMWwing in dry ammonia and adding oxceas of 
amyl idtnto, when a Bnow-whito crystalline 
miws of lunrnonium nitroBophenylhydroxyl- 
amine i« formed (Baudisch and King, J. Ind. 
Kng. Chem. 15)1 1, 3, 025); Marvel and Kamni, 
d. Arner. (.’hem. »Soe. 1U19, 41, 27(5; Analyst, 
1915), M2). 

t'u])ferron is uwctl in quantitative analysiH f(»r 
separating copper and iron from rnost of the 
metxils. The iron and copjicr are ])rccipilated 


portant group of mordant colouiing matters 
whiob are characterised by Containing at least 
one hydroxyl group adjacent (ortho- or peri-) 
to an oxygon atom of a quinone, but usually 
two hydroxyl groups in the ortho- position 
with respect to one another. They possess the 
projx>rty of forming insoluble, coloured salts 
with certain metallic oxides, and therefore, when 
dyed on a fabric impregnated (mordanted) with 
such oxides, for example, the oxides of alu- 
nnniuni, chronmiin, anil iron, lakes arc formed 
wliich arc extirinely fast. The simplest com¬ 
pound possessing the above requirements is 


OH OH 

OH OH 

but its dyeing properties arc not sufficiently 
intense for it to bo of practical value. This 
(lesid('ratuni is first reached in the naphthalene 
scries in th<' case of diliydroxynaphthaquinonc or 


OH 


'Oil 


O 


in strongly acid solution with eupferron, the ; tctrahydiXAy-p-bcnzoqninoiie 
pn><'i|)itaU! liltcR'd. washed with water, and ; 
finally with ninmuniuin hydroxide. The latter ' 
dissolves the copper, but not llio ferric salt. 0 : 

’I’lic feme salt is soluble in ehlorolorin, ether, 
acetone, &c., and may be di.saolvod and .se^iarated 
from other salts, such as ilj^se of lead, silver, or 
tin, which may liavc been preeipiluted with it 
(Haudisch, (’hem. Zeit. 15MH), IW. 125)8; 1911, 

35, 913; Biltz and Hddtkc, Zeilsch. anorg. 

Ohem. 1910, {>(1, 42(5; Hanus and 8ouku]), ibnf. ^ 

(58, 52; rnisenius, Zoitsch. anal, (.ffiem. 1911, i 
50, 35). It preeijntatos titanium as a bright I / 

yellow’ salt [(’flHftlNOjNOjiTi, which on ignition ■ 
yields TiUj. 'I’liis reagent may be used to sopa- ' 
rale titanium from nlumimum, chromium, ; 
nickel, cobalt, aiul manganese {Bclliurei and j 
Grassi, (luzz. chini. itul. 1913, 43, 570). ut; lor, 
tho quantitative separation of /.iivonium, | 
titanium, iron, manganese, and aluininium, | 
or in th(^ analysis of ziicon and haddcleyite | 

(Brosvii, J. Ainer. ('hern. Soe.. 1917, 39, 2358). | 

Tho reagent can bo used for the aoeurate estinia- | 
lion of iron, copper, titanium, zii'eomuin, < 
thorium, and vanadium ; tho presence of other i 
metals may mtorfero. lienee the eupferron j 
mothod is only applicable when tho qualitulivo j 
eompositiou tlio material is known (Lundeil ; 

and Knowles, J. Ind, Kiig. (’hem. 1929,^2, 344). i I { i 

For a bibliography of cu])ferron and its aiipliea- 1 'J.^0^ \ 

tions in analysis, ,h«c Analyst, 1920, T" 

HYDROXY-2-NAPHTHOlC ACID 

OH 

/' 


Niil>hthaznrin, w’liicli ef)mes on tho market in 
th(' form of its sodium hisulpiiiie compound, 
Alizarin black {see undiT Naphtualkne). 

By far Hie most valuable and important 
hydroxy([uinon('H are those belonging to tlio 
anthracene series, of wlncli a large number are 
manufactured. Thu sinqilest hnd best known 
of these is diliydro.xyanthraquinone or alizarin 

OH 

/'\ • I'U'-, ' 


' X'O.K 

\- 

Obtained by tlio aetimi of carbon dioxide on 
sodium-a-naphthoxidc at 121)^-145’’ under ]>re8- 
sure. The jiroduct dissolved in water is treated 
with liydrochlorio acid and rccrystallised. 
Needles, m.p. 187®. 

2 Hydroxy>3>Naphthoic add 

. 

\/\/ 

Prepared by acting on 6odium*/3*iuiphtlKixidc 


''OH 

.cojr 


(<^re Alizaris coLouitiNo MAriCBd.) J, C. C. 
HYDROXYSTEARIC ACIDS CjgHa.Og. 
a-Hydroxysteario acid 

CH3[CH,]i6CH(OH)COaH 
Prepared by treating a-bromostoaric acid with 
aqueous potash. Separates from a mixture of 
benzene and petroleum as a crystalline powder, 
n.p. 9l®-92° (Hell and Sadomsky, Ber. 1891, 
2J91 ^ Lc Scuur, Chem. Soc. Trans. 1904, 827). 
By heating it to 270®, it yields margaric alde¬ 
hyde (\,Hs, CHO, a lactide formio 

acid, water and carlxm dioxide, 

)9-Hydroxystearie acid 

OHafCHali.CHIOHlCHj-COjH 


i Prepared by treating ^-bromosteario acid with 

_, _... _^_,_1 aqueous TOtash. Crystallises from chlorofonn 

by oarbon ffioxide at 200®-250® under pressure | in white {nates, m.p. 89® (Ponzio, Atti, R. Aocad. 
and* treating the product dissolved in water | Sci. Torino, 1905, 40, 970). 


with hydro^orio acid. Yellow pcalos,” m.p. 
'^218*. 

I>-HTDBOZYPHENyLETHYLAlfmE i. 

Eb oot- _ 

HYQB0XYQ1HMOL n. Phenol and its 
BOHOLOttm . 

HfDMlXYQUlllOLDfE e. QcrxNOLtNB. 
SYMBOXYQUUfORB COBOURIKO MAT 
hydroxyqumo&ea form an im- 


v-Kydroxyitoaric add exUto only in the form 

of a lactone CH,tCH,li,CH 'C ! Ob- 

MXX) 

tair sd by treating the anhydride of y-hydroxy* 
oleic acid with potash (Cleitol, J. pr. Chem. 

[iL] 85). Prepa^ by heating ofeio add with 
anhydrous nno chloride. Oziddtion« with 
chromio add in glacial aoetio add conv e r ts it 
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nwMBtabt^ and naUt qoaatitiw cd di*; into on aqueou solution <d CMitio so<Ui ud 


|t acidic inrindinf taodnio and v-keto- 
^ aoid CHi^J„CO[CHj,CO,H. m.p. 
^{8bi&oS and Bekostakoff* J. Rius. Pbys. 
BL Boo. 1903,35,1). 

^Hitmqfitairfe add 

CH^CH,],-CH(OH)[CH,]gCU,H 
I aoid was formerly described as j^ Ayr/rttr- 
ricocKf (A. C. and M. Saytzow, J. Huss. Phys. 
m. Soc. 1886, 32$; 17, 426: J. pr. (.'hem. 
[il] 369, 384; Fnjmy, Annalon, 19,29(1; 20, 
33, 10; Aon. Chim. Phys. (lo, [li.J 113; 
anejew, J. Russ. Phys. Cbcm. Sw. J8, 41 ; 
tel, J. pr. (Jbeni. 37, (U-l HI; IxktjU uiul 
ia, Ber. 1883, 2458). Shukoif and tSchesta- 

E ix (J. Russ. Phys. Chem. Scx\ ISK)3, 35, 1) 
VO sho^n that its constitution is that of 
l-hydroxystoario acid. Jt is pro}>arcd fn)m the 
^pho or iodo derivative of oleic acid, or best 
ny the action of sulphuric acid on oleic acid; 
m.p. 83'^“85®, It may also bo obtained from 
sSaidio acid by the action of 8ui|i[uiric acid and 
rabeequeot treatment with aloubobc ]>olash 
(Tsoherbakow and Sajdzcw, J. pr. Cbcm. 57, [li.J 
27). By heating Ut lUO'^ it yields an anhydride ; 
oxidation with chromic ucid in glacial acetic acid 
converts it into sebucic, ozelaiu, and traces of 
suberic and liquid monobasic acids and i-kcto- 
stearic acid CH,[(JHjj,C()l(/'H 3 { 7 (‘OaH, rn.}f. 
76®. MoUnari and Barosi (Ber. 1908, 2794) 
have obtained an a<ud by the decomposition of 
Uie ozonide of oleic acid and consider it to be 
formed by tho aldol condensation of nunaldc- 


heated to~170®->S00*. The . 
with water sod the 2‘hffi 

OH) 


car6oj;y/ic acid 


-Or 


dwt is tnsfted 

^•COjH “ P"'- 

lipitatod by the addition of hydroohlorio aoi(L 
By heating the aoidlHed solution so long m 
carbon dioxide is evolved 2-hydroxythionaph- 
tbou is produced and so{)aratcs out on oooung 
{Kalle & (’<< 1 . 1). H. P. 192075). Acetic anhy¬ 
dride may also be uwhI to convert tho phenylthio- 
glycol-o-carboxybo acid in bydruxythionaphtben 
[idem, 1). H. P. 198712), or the acid may bo 
boated alone at 2HO'‘ so long os gas is evolved 
[id4‘m, 1). U. PI*. 188702, 198713^ or with 
])Hruflin, glycoro] (with or without sulphuric 
acid), or aniline. In tlic last case the aniline 
compound is boded with u dilute acid when 
2-by(iroxytbionaphthuw distils with steam and 
forms white noodles {idem, 1). U. P. 202361). 
May also bo f<iruied by ('ondonsing chloroaootio 
ocid with o-audnothioiihcnol and oouvorting 
the o uminophonyithioglycol-o-carboxyUo acta 
in tho eyauo-ootapound by diazotUing and 
boiling with dilute sodium hydroxide solution : 
tho 2-ammothionaphthen-1 -oarboxyho acid is 
transformed into 2'hydroxvthionaphthcn W 
iioiluig with dilute acid (Kallo & Co. 1>. R. r. 
184490), or moro directly by converting ths 
cyauo-denvativc by treating with sulphuric 
aoid (idem, D. li. P. liK)291) or caustic soda 


suiution (idem, 1). U. P. 190674), 

hyda witE nonoio acid, and l.cnca they conaider' 
it to be .-hydroxyatearic acid; it mclla at 41", 

and hence la either impure or » hydroxyatoaric pp ^428’. ^59S). ^ 

acid wntammg the hydroxyl group m some other “ with diohloit,4y. 


position. 

(r-Hydroxystearie acid 

CHafCH,3,CH{0H}[CH,],U0jH 
This acid was formerly described os a-hydroxy- 
stearic acid (Saytzcw, J. pr. Cbem. 37, [ii.) 277, 
284). Bhukoff and Schestakoff (J. Russ. Phys. 
Chiw. Soo. 1003, 35, 1) have shown that its 
constitution is that of n-hydroxystcaric acid; 
xn.p. 84®-85®. Prepared by the action of sul- 
l^urio acid on tVrooleic acid. Oxidation with 
chromic acid in glacial acetic acid yields sebacic 
aoidt ‘nonylene-at'dicarboxylio acid (m.p. 124®), 
and K-ketostearic acid, 

CH,[CH,],COLOH,3,CO,H 


leno (acetylene dichloride) (JHCl; CHCl yields 
acetyleno'frtri^hiosalicyljo acid, 

which when boated with a mixture of oausUo 
potash and soda at 220^-230", dissolved in 
water, acidiiiod, and stcam-dlstUlod, yidds 
2-hydToxythionaphthen (Bod. Auilin and Soda 
Psiirik, D. B. P. 221465). M.p. 71®. Used in 
the manufacture of thioindigo ay(». 

HYDBOXYTHIONAPHTHEN-1-CARBOXTUC 
ACID (thiontdoxyl carboxylic acid). Btdhi 
at 213®. Sparingly soluble in water, b en sea e, 
or light petroleum; more soluble in doohol, 
acetone, or ethyl acetate. For preparation, see 


in.p* 65 , foregoing article. 

A-Hydroxy»UariC add (i^ BydroxysUanc HYMOZIMCITE. Hydrated basic oarbonaia 

PH rf'H 1 rHfOHlK'H 1 f’O H confal^ ^ao^o., 

Lrlljl.t'iljJivii(Uri)Lt-'n|Jio'-'”i« of common occurrence as an alteration prodoot 

Pi^Mured from the methyl ester which is obtained of other ores o4&iac.* It is found in 
by the reduction of the methyl ester of ricinoleic . levels of most zinc mines as wtt, snow-wnita 
gfli d; m.p. 78® (Griin and Woldenborg, J. Amer. encnistrations often in staUctitic, botiyddaL 
CSmbou Boo. 1909, 31, 490). Kasansky (J. Russ. ' or other forma, l^arge m as s es with an earthy 
Fhvn CSiem. Soo. 1900, 32, 149), by oeety- j o^ chalky texture are not imoalnmon; s p^ 
lidncieic acid, followed by bromination j 3'6~3'H Much of the material often m^armQ 
and lednotioa, obtained a hydroxyateario add , is smitfEsoaitq (ZnCOg) is really bydronodtei^ 
(m.p- 81*-<62®) which is possibly identical with i as shown by its lower degree of hardo^ (H. 2-2^ 

the above. _ _ ’> that of smithsonite being 6) wid thq presauw w 

•♦^HYDROXYTHIOIIAPHTHEH ((Aioiiwforyl) ; water. Large qoantiUea have been obUia^ 

from the zinc mines of {wovince Sutf a i l d s if in 


Of-”’ 




Plyylt)te|^yTOkH>«riw^lio atid ia intraduaed 


Spain, Blniberg 4n Carinthia, SardlBf a, fco, 
It 8.. been obaenrnd aa a nUiiaiml of IMffnloKnMi. 
tion in the cU gallerin* of lead'OBO wiM* fc 
Noitli Wain. I. J. 8 

it 
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UYDUEltlO ACID. 


HYDURIUC ACID 09 H.O,N 4 .H,O or 2H,0 ; 

waa tiwt prepared bj Schlieper (Annalen, 1845, ' 
50, 11), who obtained the acid ammonium aalt 
together with alloxan by the action of nitric 
acid («p.gr. i'25} on urio acid. It is also pre- 
jiarod (2) in the form of its ammonium salt by 
prolonged boiling of alloxan or alloxantin with 
very dilute »8ulphurio acid (Finch, Annalen, 
1804, 132, 3U3); (3) by heating crystalliBcd 
alloxantin in a tube at 170'* when it ia converted 
iiuantitatively into hydurilic acid, according to 
tno equation 
2 C\U 407 N 4 i 3U,U 

-C„a,V«N\H-4NHa-i-((X)01I),i-2(:0-h4CU2 
or alloxan Ih siiuilarlv decomposed (iMurdoeli and 
Doebner, Her. iWTb.'b, 1102) ; (4) in the form of 
its acid annnoniuni salt lieiiting dialurie acid 
with glycerol at 150', fi^inie acid and carbon 
dioxide being form(;d at the same time (Bacyer, 
Annalen, 1803, 127, 11; ij. Biltz and Heyn, 
Ber. 1010, 52 1B] 1208); (5) together with 
glyeiiM’ and earbon dioxide by heating uric aeid 
with twiiic its weiglit of coneentrated sulphuric 
acul (Sehultzeu and Filehue, Ber. 1808, 1, 1-50), 
by oxidation of barbituric acid in aqueous 
solution Mith potassiiitn ])cnnanganate {Biltz 
and Heyn, l.i.): ((>) by reilucing (libroniobar- 
bitunc aeid sMih bvdrogeu iodide (Baoyer, 
Annalen, 1804, 130, 133); and it is also formed 
to a Hinall extent by reiiueing alloxantin with 
sulphuretted liydrogon (Miuxloeh and Doebner, 
I.C.); (7) by the condensation of ethyl ethane- 
tetraoarboxylate witli earbamiih' in the presoneo 
of sodium ethoxide at 00‘-70'\ or by the 
hydrolysis of cthanetctraeaibonylguanide 


by means of dilute hydroehlurio aiiid at ITKF 
(Conrad, Annalen, 1IK)7, 305, 24; rf. Koedor, , 
Ber. 11)13, 4(5, 2500): whereas ethyl ethanctetra- 
earboxylate and carbamide yield only a trace 
of hydurilic aeid, dillnohyduriUc acid is readily 
obtained from the esU^r and thiooarbamide; 
thi8*oom])ound remains unaltered at 250'', Aid 
can bo desulphurised to liydurilie acid by heating 
at 100" withomicentiatod sulphuric acid. Hydu- 
rUlo acid is most conveniently purified by jirecipi- 
tatiug the Bpariugly soluble co])i>or salt from a 
solution of the neutral aiiimoiiium salt, and 
dooomposing this with hot hydroehlone acid, in 
whioh the hydurilic acid is only slightly soluble 
[Baoyer, Annalen, 18(53, 127, 15). 

Hydurilio acid erysUillises from hot water in 
small four-sided priaius containing 2HaO, or is 
preoipitatod as a tine crystalline powder con¬ 
taining 1H|0 by the addition of nydrochloric 
acid to a hot aqueous solution. It Is sparingly 
soluble in alcqhol or cold water, more readily 
Bp in hot water; its heat of combustion is 
068*5 ([lal. (Matignon, Ann. Chim. Phjes. 1893|( 
(vi.] 28,328). 

Hydurilio acid bears the same relation to 
dialurio and barbituric acids that alloxantin 
boars to alloxan and barbituric acid. Conrad 
(Annalen. 1907, 365, 24) has shown that ita oon- 
sUtutioL is correctly represenCed by the formula 


by its synthesis from ethyl ethanetetrao»rbo»y- 
i late and carbamide (o. mpm), and also by the 
fact that on hydrolysis with concentrated 
i hydrochloric acid at 200°-230° it is converted 
almost quantitatively into carbon dioxi^ 
ammonia, and succinio acid; barbituric Mid 
when similarly treated yields carbon dioxide, 
ammonia, and acetic acid. 

Hydurilic acid is not attacked by reducing 
agents ; it yields alloxan and dibromobarbiturio 
acid when treated with bromine water (Biltt, 
Heyn, and Hamburger, Ber. 1916, 49, 662). 

Fuming nitric acid oxidises it into alloxan, 
whd.st .,eaker acid converts it into nitrobarbi- 
tune aeid (dilituric acid), ijonitrosobarbituric 
neid (violurie aeid) and violantin. Ferric chloride 
or sdver oxide oxidises it to oxyhydurilio acid, 
which gives a blood-red cftloration with ferric 
elilonde. Hydurdic acid has marked acidic 
jiroiiiTlies, and dooomposes most metalUo 
chlorides and nectaries, yielding the correspond¬ 
ing hydrogen hydurilate (for the basicity of the 
acid,'.nr Hiltz and Hamburger, Ber. 1916, 49, 
6.6.')). 'I'Ik heat of neutralisation of hydurilic 
acid witli 2 mobs. ])oliw8ium hydroxide is 
21-8 f'al I but on adding a further quantity of 
' alkali(u|ito 16 mols.) there is a further evolution 
.. ,,i i,eat, thus jaunting to the exiatence 

> \ Xt .bie acid function. 'I'he foliow- 
''veryffa- •' o„B(„.,hnd ; the umiiKwiar 

salt p uons Ilf W> „ystaU>scB m 
noodi', 0«N* in-rre monocUmc 

eryBt .,() «r _ 'Z 0-7003. 

AWm. 't, a: q eryatalUseB in 

pnamsi ' “S',, it.O.N* i 

tho nonnaS ia solublo 

and crystal The 

Zn((J.HjO,N,), “•’p V[ 0 u 2H,0 »>■',, ,? 

crystaUinc; the co})pit;.H 40 , ,, > „r d,0 

fonns Hnc yellow .,^oh 

liocome red on hoatini P, .:„iA.ter. The 
dim salt is unstable ; loss ot w^ salt is a 
green precipitate, and ICK formation of a dark 
green colour with ferric chloride is a character¬ 
istic reaction of the salts of hydurilio acid ; the 
faroiu salt is white becoming green ; the Itad 
salt is insoluble in acetic acid. 

5 : 5'-Dichlorohydurilic acid 


is obtained by the action of potassium chlorate 
on an intimate mixture of hydurilio and cm- 
centrated hydrochloric adds (Bi^er, Anuajan, 
1863, 127, 26); a quantitative yield is obtained 
by chlorinating hydurilic acid in alcohol. Elite 
and Hamburger (f.c.). It U a roatingly solnto 
powder, soluble in concentrated snlphuno a<M , 
and precipitated therefrom by Hw additko cl 
water, in small rhombic crystals ooat aininy 
2H,0: it is readily decomposed by allt a Ka 
yielding the metallio chloride. The pdasetum 
nUt K,C,H,C1,0,N.,2H,0 is a sparingly 
MViVMiAltinA nnfnb^a Tkowder. 



HYOSCYAHIKK AND EYO^AHUa 




5’hromo*5'’melho3e^hj/dur%iic of idt 

If formed on broininatiog h^duriUc acid in 
presence of n^cthyl alcohol; it cry^talUsef in 
■tont, hexagonal tablets which deooinixyse above 
300*; ill presence of ethyl alcohol b-bronto- 
O'-elAoxyAyaurt/ic acid is formed which crystal- 
lieee in 8toui» elongated prisms decom^iobing 
above 360®: these compoundH yield .‘j-wifiA. 
ozyhydarilic acid and ty-cthtxt^fhydxiTxhc acid 
on reduction, whioli lose alcohol when heatoil 
and yield dcfnjdrohydurxlic ocjd: Ihltx, Ileyii, 
and Hamburger (Her. liiUi. 49, 6(i2;n^i(/. 1919, 
52 [B], J29H ; (•/. Haeycr, Aiiimleii, 1863. 127, 26). 
who found that hydmilic a<iil broke down 
under the action of brimune water into di- 
broQiobarbiturie acid and uUoxun. 

Tetramethylhydurlllc acid [lintxijumtilH' uad) 

is obtained by the dry distdlatum of ainuiic 
acid (Fischer and Jloese, AunaUii, 1883, 221, 
339), or nioix* conveniently by heating it in a 
sealed tube for 3 hours at 18t) -18.V’ (Matignon, 
Compt. n'ud. 1S93, 116, 642); has also been 
obtained by beating dimethyl;/,ur/oun<' acid 
with fused oxalic acid at 179 (Fisciier and 
Aeh, Her. 1K95, 2S, 2473). Jh-oxyainalic neid 
is cr}'stallinc, has m.p. 269', w'lth decoinpoHition 
and can be distilled, although with partial 
decomposition. It is almost insolnhle in not or 
cold water; readily soluble in cddoroforni or 
acetic acid ; its heat of eoiubustion is 1321'8 t'al. 
fMatignon, Ann. ('him. Phys. 1893, Ivi.j 28, 327). 
Its chemical properties arc similar to those of 
hyduriiic aci<l, it reduces ammoniaeal silver 
nitrate solutii/n on warming, and gives a beauti¬ 
ful green coloration with ferric chloride; on 
gentle oxidation it }ieids a product that gives a 
blood-rod coloration with ferrio chloride; but 
when oxidised by nitric acid it forms dimetliyj- 
alloxan. 

5 ; fi'-lhchloitiimmithijlhyihinhc acid may 1 k: 
obtainctr by clilorinutirig tetmmcthylhydurilic 
acid in alcohol; it forms transparent cnstals 
with rectangular section, ni.i). 266®. Jt is 
devoid of acidic properties, Hiltz and Hambur¬ 
ger (/.c.). 

h-hromo-h'-nuthoxy (or ithoxy) htrainclhyl- 
hijdiLrilic acid is formed on brominating tetra- 
inethylhydurilic acid in presence of methyl 
or ethyl alcohol. The bromomelhoxy dcrivativo 
forms elongated rhombic tablets and has 
m.p. 245®-247® (dccomp.) and the bromoethoxy 
analogue forms elongated hexagonal tablets, 
in.p. I99*-200® (deconip.). 

6: b'-dibrojnotetramelhylhydurilic acid is 
formed by the action of bromine on tetra- 
xnethylhyauriUc acid in carbontctrachloride in 
eomidete absence of water; it crystallises in* 
moW'White lanoct-shaped leaflets and yield| 
alkyloxy compounds on treatment with alcohols. 
It loses both atoms of bromine on heating at 
180% forming telrametkyldehydrohydurilic acid 
, rt^CO'NMcv^ s 
*"<NMe'CO>^ * 

a hit^Uy leaotivo compound which nielta at' 
384*. Witli boiling metby^ aloohol it forms 


l^-meU»xy4dtmmitk } fihy im nlic Mid whioh orytttl- 
lises in sUmt, four-aidsd prisms* m.p. &84^ 
(deoomp.). 

5-ominofeframef4yMy(f«fii»e oc^ 

m.p. 205*-300® (deoomu.) is prepared by mUda 
upon dchydrotetrametnijlhydvriJic add witC 
aqueous ammonia; it crystallises in silky 
rhombic leaflets. It is rerluced by hydliodiio 
acid and uhosphonium iiHlido to \ '.Z-dimdhffU 
uramil and, on brummutiug it in alcohol, yields 
5 : 5-dibromQ-l : 3-dimcthyT barbituric adcT. 

rx’mrthyl-umino'tctramclhylhydunlic acid urys* 
tuUiffs 111 rlioiubio plates. 

^-amlnioielramcthylhydurilic acid baa imp. 
1(]9®~161 (decamp.) and forms an aniline salt 
Ci„llift<)BN’„XH,l*h which molts at 134®. 

DeoxyaniHliu acid has only two acidic func* 
turns: the //o/uwniw K,(’|,lli, 0 ,N 4 and tlie 
smiiiiiii Halt NU|(^i 11 j,(J,X 4 are Hparingly 
soluble (Miitignon, l.c. ; Fiseher and Acn, f.c.). 

For (!i(' prc*pRration of /(-dimethyl-hyduriUc 
and and derivatives, «i(: Blitz ami Heyn (Her. 
1919. 52 |HJ. 1298). M. A. W. 

HYENANCHIN A substance, 

probably u dilaetone, n>und in }/yenanf.he 
yioixMi, Lamb {TwtaKit'uiirori aipcnae, Thun.), 
a iniMiibcr of the N.O. h'uphorbiacea, glowing in 
S. Africa. Kxistence of active principle first 
indicated by Henkel (Arch. Phann. 1858, 144, 
16), uiul lirst isolated by Kngdhardt (Arb. 
Phui'in. Inst. Dorp. 1892, 8, 5). Further in- 
ve«tigHt4'd by Henry ((,'hein. Hts:. I'rans. 1920, 
117, 1619), who gives dctuils of its mode of 
extruciioii. hilciider, coiourloHs needles, or 
hexagonal ])riMms. When heated beoomoa 
yellow at 20<F, then darkens and finally deoom- 
j)os(’swithcflcrvcHcenceat 234®. BUghtfy soluble 
in water, alcoliol, ethyl acetate, or acetone. 
la]\j' *f 14‘7'‘ in water. Acducos BaiTCSwU's 
(Kchling^) solution on boiling, decolorises per¬ 
manganate noiutiun and giv(»s an amorphous 
yellow j/rocipilate with bromine water. 

JwIJycnaHchtn cryst^dlises fixim bcnling 
water in long, slender needles. Has no melting* 
iK)int, and is decomposed at 200® with efier* 
4csceDce. Is less soluble in water thsji hyen- 
(tncliiii, but its solution also reduces BarmnrU’a 
solution. Both modiiicftions are toxic, aaid 
resemble picroioxin in action but are much 
weaker, especially the t«o-variety. They are 
isomeric with picroten. 

liycnanclu. glaixmi contains also a saturated 
alcohol C| 4 H|f*OH; minute needloa, m.p. 
K2*-83® (corr.); a la-vo-rotatory pbytCNrterolt 
lustrous needles, m.p. 265® (corr.), readily 
soluble in chloroform or boiling etfaVl jyf, 
sparingly Bo*in alcohol, together witn a ; 
colouring matter; microscopic yellow i 
m.p. 270®-280® (dccomp.), probably bdco^llng 
to the flavone group (Henry, l^). 

HYORIIliKT-. Cocaine. , 

HlfMENODICTYOHIlQE (Hymenodktine} 

• ^ 

c^stals, m.p. 66^ occurs ui the bark of Hfmeuth 
diciyon excelsum (Wall.), usedm India as an ai^* 
pyretic. It is bitter and sU^tly toxic (Kaytiff, 
Pharm. J. 1883,[iil.ll3, 817; 1885,[ill] 15,1^ . 
HTOfiCIVB V. Tbopsines, • 
HTOMnrAimiE and HYOieTAXim 9i- 


Henbane; TsoPEOnw. 





UYPAPHOBINE. 


HYPAPHORWE v. iijiiAiNiid. • 

HYPEROL Trade name for a miiiure uf 
niea and hydrogen ]K>rozidc etabiliaod by a 
trace of citric acid. 

HYPERSTHENE. A rock-forming minora! 
belonging to the orthorhombic ooriee of the 
pyroxene group, and consisting of metosilicate 
of magnesium and iron (Mg,Fe)8iOj. With less 
iron it i>aHsoH isomorphousiy into bronzitc and 
enstiititu It is a common constituent of 

basic igneous rocks, e8|>cciaUy norite. The very 
coarse-grained norite found os boulders on the 
coast of Labrador eonsists of labradurite (r. 
Kjii..sj‘AB) and hyi>orBtbcnc, the formet- showing 
brilliant coloured relleetiunH and the latter a 
bright eui)pery she<’n. 'J'lus nuiteriiil is tluTc- 
foro BonjetmiCH uhihI as an oniamenlal or jireciouH 
stone. Tho'nmiend is <ij>a<|uo, with a clingy, 
brownish-black botly-eolour, and the metallic 
refleolion is clue to the ])rcHeneo of minute 
crystalline eneh^suivs arranged jtaniliel t<i one 
plane. Sp.gr. 114. u j, ,s. 

HYPNAL f\ vS^MHK'iU’ DK( (IS. 

HYPNOGEN. Syn. for veronah 

HYPNONE t'. Ketunkh; 8vmhetic nuraa. 

HYPONITRITES 1*. Nituooen. 
HYPOPHOSPHITES r. I’liosnioRis. 
HYPOPHYSIS V. J‘nrnAHY noiiy. 

HYPOQUEBRACHIRE v . Quebuac'ho alka- 

lAilDS. 

HYPORIT. 'J’rudc name for ealcium hyixv 
chlorite containing about 80 p.c. available 
chlorine, forming a sUihlo ])tiwder whiuli can 
bo oumpreast'd into tablets of accurate dosage 
It is readily soluble ni water, giving n faintly 
alkaline solution and may be used as a Hubstituto 
for Dakin's solution as un antiseptic. 

HYPOSCHROME r. C’oi.ot’k a.mi chemical 
oo»8nTtrnoN. 

HYPOSULPHITES V. SvLrnrK. 
HYPOXANTHINE (ir SARCINE, ti-atyp„ri«c 
N: C(OH)<!-i;U NIl'CO'OSH. 

,L It, „ '‘'ll 1 II \CH 

(;H : N-C--N C‘H:N—CV-N 

discovered by Scherer (Annulcn, 1850, 7.*!, 328) 
in milk, splmi, and blood, is widely distributed 
both iij tlu) uniiual and vegotablo kingdomsA 
ytrecker (Phil. Trans. 1858, 10. 121) isolated it 
from iuoat juice, and l^neo called it mreiae; it 
WM afterwards found to Ik' identical with 
Scherers hyjwxanthino (acc Salkowski, Bio- 
chem. ZeiUch. 1913, 65. 250; Yoshiniuta, thid. 
1011, 37, 481). It is a normal constituent of 
bone marrow (Uoyiuann, l^iigor’s Archiv. d, 
184), glands, muscles, liver, brain (Salomon, 
Her. 1878, 11, 574; Koasel, (.'hem. Zeutr. 1881, 
486; BugUa and ('usUntino, Zcilsch. physiol. 
Chcuu ltd 3, 83, 45; Smorodiniicw, Cmom. 
Zontr. 1814, 2, 797), hlood (Scherer, l.c. ; Salo¬ 
mon, Chem. Zeutr. 1878, 681 ; Baas, Arch. 1 
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l.c.; Salomon, Z^ltocb. jihysiol. Chem. 1887, 11, 
410)', the amount varying from 0’024 p.o. m the 
grop matter of the brain (Roaael, l.e.) t ^ 0 218 p.r. 
•m the calf s thymua (Schindler, Zeitacli. physiol. 

1889, 13 432). Piccard found 5-8 p.c. 
CH hypozanthine ud guanine in aalmon roe 
(Bv. 1874, 7, 1714), whilst ox teatia and the 
apenimto^ of carp oonUin 0-281 and 0-3U9 p.o. > 
Mpeetiv^ of the former baoe (Schindler, Lc.). i 
In the ve^staUe kingdom hypox^oUuiM occun \ 


\ in beer ycoat (Schutzeaberger, ChooL Zeatr« 
1877, 73): in fungi (Wintei^tein and Jesoroir, 
Londw. Versuchs. Stat. 79 and 80, 541; Bufloh- 
! monn, Pharm. Post. 45, 453,. from Chem. 

; Zentr. 1912, 2, 613); and in hops (Chapman, 
Chem. Soc. Trans. 1614, 105, 1805); potato 
juice to the extent of OOOS? gram per 1 c.c. 
(Schulze, Landw. Vereuchs. Stat. 1882, 28, 
ill); in the leaf buds of plane and maple, bark ' 
of piano, in lupines, young grass, red clover, 
(tatfl, vetch, in sugar beet (Simidze and Bosshard, 
Zcitsch. physiol. Chem. 1885, 9, 420; Von 
Lippniann, Bcr. 1896, 29, 2645). It is present 
in heated soils f Schreiner and Lathrop, J. Amcr. 
('Ih-iu. 1912, 34, 1242; Schreiner and 

Sliorey, J. Bioh Chem. 1910, 8, 385). 

Tlio chief source of hyjioxanthino in the 
animal economy apjicars to bo nucleic acid, 
which, under the action of certain tissue enzymes, 
most abundant in the liver and spleen, is decom¬ 
posed ; tlius nuclmsc liberates llie purine bases 
adenine and guanine, and those arc further 
changed by the deamidising enzymes adenose 
or ^fuanuse into hypoxanthine and xantbine 
roHjicetively, and finally oxydases convert 
hypuxaiitbmc into xanthmc and xanthine into 
une acid (Halliburton, Chem. 8oc. Ileporls, 1909, 
168; Auiberg und Jotioh, Zeitsch. physiol. 
Chem. 1911, 73, 407 ; Long, J. Biol. Chem. 1913, 
15, 449). Salomon (Bcr. 1887, 11, 574; 12, 
95) obtained hypoxanthine from blood fibrin 
by the action of jianereas fennent, by simple 
decay, or by digestion with dilute hydrochloric 
acid (8 iwirts m KXM) jmrts of water); and 
Kossel (Zeitsch. jihysiol. (’hem. 1881, 6, 152) 
found that the nuclein from pus ccIIb and gooso 
blood yielded on prolonged boiling 1-03 and 
2-64 p.c. resjK'ctivefy of hypoxanthine. On the 
other hand, Leathes (J. Physiol. 1906, 36, 126, 
^5), Leonard and Jones (J. Biol. Chem. 1909, 

6, 453), and Vogtlin and Jones (Zeitsch. physiol, 
(^honi. 1910, 60, 260), have shown that uric acid 
excretion is it*iaU;d In some way to muscular 
exercise, and the most important purine base 
which contributes to the endogenous uric acid 
is muscular preformed hypoxantldne. Aooordii^ 
to Frank and Przedborslu (Arch. exp. 'Path. n. 
Phami. 68, 349) 50 p.c. of ingested hypoxanthine 
18 utilised in the formation of uric acid. This is 
not directly connected with nuclein metabolism, 
since it may occur in the absence of adense, 
an essential factor in the passage from nucleic 
acid to hypoxanthine. Hypoxanthine has 
tlieraiieutic properties (Funk, J. of Pl^ioL 
45, 489). It raises the blood pressure (Bsok- 
luaiui, Zentr. blatt. f. Physiol. 26, 166; De- 
grez and Dorl^ans, Compt rend. 1913, 166, 93). ■ 
Fischer (Bcr. 1897, 30, 2226 ; D. R. P. 1898, 
17673} has synthesised hvpozanthine from 
tricMoropunue by the following reactions; 
trichloropurino when heated with norm^ aqueous 


jxuua VCMV-Ib i Q-UKAMITV- 

• NH'CO-C-NHv 

I II n'Cl, which U reduced 

^ a'l:N~€—K''' 

to hyjMYxanthine by the action of hydrogmi 
iodide. H^'pozanthine is also obtained from 
adenine (6-asi»W/mrrKc) hr the action of 
nitrous acid, or from uric add by ndnetion wRh 


nitrou acid, or from uric ada ndnetion wRh 
alkali an(^ ohlcntdorm (6undTik,‘^tach. iftyild. 
Chem. 1897. 28 , 476 ; 26 , 13 ; ibid. 1912, 7M86). 
A foiiher ^theu of bypoxaidhina f rom 




l^A. 


Mi 


(^lijicyftnaceUte uul tibiourea U ikacribod liy 
Tnmbo (Annaieiif 190i» 331, 04); 4-omtMo-6- 
NH<X)'CH, 

hfdtoxif-2-thiopifrimidine I { obtained 
(ISNH^NH 

by iho condensation of ethyloyonacatc and 
thiourea in tho presonoe nf sodium ethoxide, 
. NHCO-CrNOH 

fonna an isonitroso derivative I I 

IVS NH-C: NH 

which on reduction yields 4 : ^-diamino-O oTt/- 
KH-CO-C’NH, 

2-iMopi/rimidine I [j . When the 
CSNHCNU, • 

•odium salt of tho formyl derivative of ihis 
compound is heated at 256°-255'^ it is converted 
NHCO'CNH. 

into6-oxy-2-f/«op«rinr 1 )| ^CH, which 

C8-NH’C— 

loses its sulphur on treatment with dilute nitric 
acid (25 p.c.) at ItM)”, yielding hvpoxonthine 
NH-COONH. 

II >CH. 

(]H;N—0—N/ 

Hypozonthine is a white cryaUllino powder, 
crystaUising in two modiheations, one form 
consisting of needles containing water of crystal¬ 
lisation, which spontaneously and readily lose 
their water yielding anhydrous octahedra 
(Uicko, Zoitach. Nahr. Oenussm. 1004, S, 225); 
it decomposes without melting at 150'*, and 
dissolves in G9'5 parts of boiling water or 1400 
parts at 10^ (Fischer, Bcr. 1897, 30, 2220). 

Hypozanthino ozhibits both acid and basic 
properties, and combines with one equivalent of 
an acid, or two equivalents of a base; the 
following are described : the hydrochloride 
CiHiNjO HChHiO, crystaUino plates or neerilcH, 
yields a sparingly soluble jdalinichloride 
(C 5 H,N 40 -HCJ),-PtCl 4 
and a orystallinc aurichloride 

CjH*N*OHCI.AuCI, 

tho hydrobromide CjHjN^O HBr and nitral'' 
CjH 4 N 40 'NH 0 j arc crystalline; tho picrale 
dissolves in 450-500 parts of water at tho 
ordinary temperature (Kruger and Salomon, 
Zeitsch. physiol. Chom. 1808, 26, 362). The 
barium derivative C 5 H 4 N 40 'B^ 0 H)j is crystal¬ 
line, the silver salt C 4 H|N 40 Ag 2 ,Ht 0 loses 
^HgO at 100° i in the presence of excess of 
ammonia the salt crystalliaes ^7ith 3H|0, and 
loses 2^H|0 at 120°. Tho phosphotungstatc 
forms straw-coloured cubical plates (Drummond, 
Bioobem. J. 1918, 12, 5). 

BypoxanthirU‘d-glucoside crystallisos in long 
needles, m,p. 245% 34-5° in iV/l-aodium 

hydroxide and +12^° in ^/l-hydrochloric acid 


’ solution (F^bcr and Befr Idl^ 47« 

2101 . 

Hvpoxanthine forms ohscaoieiMio raMuUj^ 
I soluble derivatives with oertobi metaffio 
' and these are used for soparatiag and ariimatiiy 
the base. Tho contpound with mercuric dUorioe 
C|H 9 N 40 ,HgClg,Hg 0 is crystoUlne; the eosi* 
pound with silver nitrnie CjHaN^O.AgN'Oi Is a 
flocculcnt precipitate. or 3 ^taIliung irom hot 
nitric acid (sp.gr. I'l), 1 part dissmves in 4960 
parts cold nitric acid ; according to SaUcowiki 
(Pdiigcr's Archiv. 4, 91), tho presonoe of gelatin 
prevents the precipitation of hypozanthino by 
silver nitrate ; tho picratr. AgC 5 HgN 4 O, 04 H|N 90 r 
is a lemon-yclluw crystallino salt, insoluble in 
cold water, preci])itated from a hypozanthino 
cuilt hy sodium picrato and siivor nitrate 
(Bruhiw, Zeitsch. phyHiol. Chom. iB90, 14, 655). 

Bromohypoxanlhinr (%H 3 BrN 40 , 2 H* 0 _ is 
sparingly soluhle in cold water, and is obtained 
by tho action of brominn (1 mol.) on hypozon- 
tluno (1 mol.) at 120or bv tho action ox sodium 
nitrite on a solution of bromadenlne at 70^; 
on heating hypozanthino for U hours at 100®- 
: 150® with excess of bromine, bromohuposBanlhins- 
i lelraftromidc hydroltrotnide C 6 HjIlrN 40 ‘HBr*Br 4 
! is obtained (Kriigcr, Zeitsch. physiol. Chem. 

; 181H. 18, 449). 

; Urethane of hypoxanlhinc CjHgN 40 'COOEt, 

' prepared by tho interaction of ethylohloro- 
I carbonate and hypuxantbine, orystauises in 
i plates, m.p. 185®-190®, and is sparingly soluble 
I (Bruhns and Kussel, Zeitsch. physiol, Chem. 

I 1892, 10, 1). Hypozanthino combines with 
adenine to form tho crystalline cempound 
; CJi4N40-t;5H«N4,3H,0 

I (Hnihns, Her. IBIH), 23, 225); and like other 
, |mrine derivatives containing an imino group 
in i>osition 7 it yields coloured derivatives wito 
(]iazobcn7.eno salts (Burian, Bcr. 1994, 37, 696), 

Htpamtion and estimaiioti .—From mixtures 
of the xanthine bases, adonino and hyjiozaathine 
are separated from xanthine and guanine by 
means of their sparingly soluble derivatives wlua 
! silver nitrate in nitric acid solution. The mixed 
silver compounds are decomposed by hvdro- 
, shloric acia, tho filtrate nearly neutralised with 
' s(Klium carbonate and the adenine precipitated 
as picratc. The filtrate is neutialisea with 
^ ammonia, and the hypozantbine preci(4tated 
I with ammoniacal silver nitrate (Bruhns, Ber. 

1890, 23, 225; cp. also Kossel, Zeiteoh. 

‘ Chom. 1883, 8, ^4; Schindler, ibid, 1889, IS, 
432 ; Kriigcr, ibid. 1894,20,170). M. A. W. 

OTRGOL V. SVNTHBIIO DBUQS. 

HYRGOLBIf. Trade name for a form of 
colloidal merouiy.« 

HYSTARiUliN v. Alizabik ASTf AttftD 

OOLOURtHO UATTBRS. 


IACBIOL* Trade noma for silver fiaoride. those of coea and kola. It ena&M 
mr e. SnrTEVno DBxras. • ! withstand fotigiie, is used se a mbbi^ Ih 

BKMUL A pUat Tabenamtke ibognJBaai), sieertng sickness and acts as on 
Mitsnl ozdar Aeanlka ee a, foond in the Congo, jjfeoiuBf ^ 

Hia fMi si whMt ii ehewed by the nolfyee and ' ooctirnagiii*flMfa 
iirk4di is mid to poiw prdjperties rimito to i Iron tbs TteMhXloB^ Orihoriioawfs s 
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m.p. 162",la‘vo-r<>talory (DybowuJu and Ij-jndrin, 
Compt. mid. 11K)1,133,748; H«ll(Tand Heokol, 
ibid. IW)J, 133, 850j. The alkaloid jiroduces 
anmthfwm, and in lar.^'c doscH causes convulBiona ' 
and dentil dm* f.o HtO|>jiaga of respiration (Liin- 
bort and Hfuki l, ibid. litOI, 133, 1230). 

ICACIN V. OlKO-RKSINS. 

ICE BLACK t’. Azo couiuring maiters. 

ICE COLOURS. Colours formed on the fibre 
by troatiiip it with a phenol and then witli a 
diazotisc'd nmine in preaenee of ice. Known 
also as in^'raine colours; v. Azo- taiLoiKiMi 
MATTERS. 

ICELAND MOSS. ('draria idandim. ^'ndds 
on o.\tra(dion witli ether iirolo-a hchiNlcnc tii vl, 
which when ^mlijecU'd to u b'lnperutnre high<*r 
than 45” is convert<‘d nnin^ or icss into a hvhf 
deric acid in.p. 124”, which again 

is converted into dilick<d(nc arid. Acetone 
extraots from Iceland moss the potassium salt 
<jf fuuuiroprolocclrnnc arid, which is readily 
split up into ncid yiolaRHiuin finiuuate and 
cidranc and; the latter doo-s not occur in 
the free state. 'I’he cold-wat(‘r soluliic oarbo- 
hydratt'H of Iceland moss include lichniiH, 
ddirhcnuiiri f +15*4, and Uchcnoui 
+202'7, which on hydrolysis 
yields dextrose and a carhohydrato 
which gives a crystalline derivative with bannin 
hydroxide. On boiling with water and a little 
sodium carbonate the lichen loses about til p.c., 
and the rrsidin' is largely hydrolysable by dilute 
acid, yielding mainly dextrose, some galactose 
and a very litllo nnvnnosi' (Hesse, ,1. prakt. C'heni. 
1016, 94, 227; J. Soe. (Vm. Iml. 1017, fitlO); 
V . Liobbkh. 

ICELAND-SPAR c. (Ialcite; Oaix'UM. 
ICE-SPAR t. (Jbyoi.ith. 

ICHTHALBIN. Syn. for johthyol albu¬ 
minate. 

ICHTHARGAN ,i. Syvthktki bhuiiS. 

ICHTHERMOL. Trailo name for a mereury 
compound of ichthyoL 

ICHTHOFORM. Trade name for a com¬ 
bination of ioUtUyoi and ftirmaldohyde. Used 
ON an intestinal antiseptic. ‘ , 

ICRTHOSULPHOL (iclithynal), Kyn. for 
iohtUyol (y.u.). 

ICHTHYOL. A pharmaceutical ‘product dis¬ 
tilled from fossilised fish remains, found m the 
Tyrol and on the coasts of the Adriatic. Similar 
doposiU are found in the valley of the Isar and 
the LoisacU; in Switzerland north of Merule, 
and in various inirts of Italy. 

Orudo ichlnyol from the Seofold district 
between Southern Bavaria and the Tyrol has 
loajr^JBeK used oa an antiseptic vmeiiy. The 
crude ‘ rock oil ’ is obtoinerl by aimple ilistUIa- 
tion from the slinle or ‘ stinkstoin,’ a bituminous 
enbetaniT of a grey or black colour occurring 
in the upjw doRimitos. The amount of oil oh- 
tairted varies from 1 to lU p.o. An installation 
of /line stills yields, on an average, 1 ^ to 26 kilos. 

oil per charge. In one works the output ot 
crude oil is oyer 3(XX) kilos, per annum. As 
found in pharmacy, the sunstanoe consists 
mainly of the ammonium sulphonate. It is 
not a ^mple substance but a mixture of ammo¬ 
nium ioh&yol solphonate with about 1 p.o. of a 
pownful-naeltinff empyreumatio oil. 6 to 7 p.c. 
of ammonium sulphate, and about 60 p.c. water. 


According to Baumann and Schotten, 
ichthyol-sulphonic acid has tfle formula 
C,.H„8(S0<0H), 

An odourless ichthyol has been prepared by 
Knurr & C/O. which has the therapeutic activity 
of the original strong-smelling product (J. Soc. 

' Chem. Ind. \\m, 1304; 1910, 44, 174, 264). 

The purification of the crude oil is effected 
by healing it with soda lime, washing with dilute 
Hulphune acid, drying and heating with sodium 
in a curn-rit of ammonia gas. ll then contains 
only a small ijuautity of a kotonic substance 
from whijdi it may he freed by magnesium 
methyl ciilorule. Aft(‘r fractionation over 
sodium it becomes colourless and acquires a 
lileasant. Iragrant snu-ll (Seludbler, Bcr. 1910, 52, 
ISHKI). According to the same Huthority (Archiv. 
et Phanu. 258. ]>. 70), the tyj'ieal sulphur com- 
jjounds of ichtliyol and similar tar oils are 
derivativi^s of lluophen. 

For ichthyol jirepurati<jnH r. Synthetic 
nunas. 

ICHTHYOLIDIN. Trade, name for jiipor- 
azine iclitliyolatc. 

ICHTHYOL-SALICYL. Trade name for a 
mixture of ichthyol and sodium salicylate, 

ICICA ami ICACIN r. ()leo-resjn.s. 

ICOSANE A hydrocarbon found in 

pni'afUn. M.ji. 3(i': b.p. (under 15 mm. prosaure) 
205''; sn.gr. 0-778 at 37'’/4‘’. l'’ormea by the 
action of sodium on normal deeyl iodide. 

ICOSONENE Resin oil. 

IDAEIN V. An’IHOCYANINS. 

IDOCRASE V. V'ESi:ViANITK. 

IDRYL V. Fltjorantheni:. 

IGNATIUS BEANS i’. Nrx VOMICA, 

IGNOTINE V. Caunosine. 

ILEX VOMITORIA (Aifon). The leaves of 
this tree growing in the South Eastern States of 
America, and used by the Indians, under the 
name of ‘ Vaupoii' on account of their medicinal 
and stimulating properties, have been found by 
Power and (Jhesnut (J. Amur. Chem. Soc. 
1919, 41, 1307) to contain notable amounts of 
caffeine. 

ILICIC and ILICYLIC ALCOHOLS v. Bird- 

I.IMK. ^ 

ILLIP&NUT FAT. Illip^-nuts yield a con¬ 
siderable quantity of a fat w'hich is imported 
from the Dutch feast Indies, and used in con¬ 
junction with palm-kernel oil in the manu¬ 
facture of candles. It is well adapted for the 
saponification method of stearin manufacture. 
In the aut<^clave it yields nbout 10 p.c. of 
glycerol of 28'’B. (J. Soc. Chem. ind, 1898, 101, 
358); i». Bassia oil. 

ILMENITE, or titnniferous iron-ore. A com¬ 
mon mineral with approximately the formula 
FoTiOj, but of variable composition. Analyses 
show TiO, 22-59, FeO 20-40, Fe,0, 1-59 p.o. 
In its rhombohedral crystalline form it sho^ a 
tIoso agreement with hiematite, and it has 
consequently, until recently, been regarded as 
an isomorphous mixture of ferric oxide and 
titanium seequioxide, the formula being written 
as an oxide (Fe,Ti),Oa< The disoovwy of the 
rhsmbohodral titanates of maffoesinQi* and 
mangai)*we, geikielite (MgTiOi) and pyrophanite 
(MoTiOy), and the f^u^t peaeiM A mu* 
nesium (and mangazMse) in umenitc^ w ag ge d 
howevwr, that th^ mineral is realty a ritnnate of 
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ferrotu Inm, FeTiO. (S. L. PwiB^d, Amer. J.; 
BoL 1897» 4, 108). •In the varietr picroHmeniit \ 
a oonaiderabte amount of Iron u replaced by ; 
magnesium, the formula then being (Fe,Mg)TiO|' 
(T. Crook and B. M. Jones, Min. Mag. 1906, 14, 
165). i 

Ilmenite is black with a sub-motallio lustre, | 
and often a smooth and lustrous conchoidal 
fracture, sp.gr. 4*5-5; H. 5-6. Tho massive 
mineral somewhat resomblos lungnciito in 
appearanoo, from which it is readily distinguished 
by its feeble magnetic character. It is of con¬ 
stant ocoilrronce as isolated grains in the more 
basic igneous rooks (gobbro, diabase, basalt, 
(fee.); and in certain instAnce.s it f#rtns rich 
segregations in such rocks. Enormous deposits 
of ilmenite are found under these conditions at 
several places in Norway, Sweden, Canada, and 
tho United States. With tho weathering and 
breaking down of these igneous rocks, grains of 
ilmenite {Manaccanite, from Manacean in Corn¬ 
wall) collect in the Wds of streams, Boinctimcs 
forming considerable deposits of ‘ black iron- 
sand.* 

Although largo deposits of ilmenite arc 
available for mining, the miniTal has not yet 
found any important applications. It has Ixjon 
used for Iho preparation of titanium paints and 
enamels; and in tho future it may be more 
utilised for tho manufacture of titanium-steel, 
which possesses great ductility and a high limit 
of clastioily. (.Vcc J. 1’. Singowald, The 'I'itani- 
ferouB Iron Ores of tho United Stat<-8, their 
Composition and Economic Value, U.S, Bureau 
of Mines, lOl.'l, Bull. 64.) L. J. S. 

ILMENORUTILE e. SmCvEUiiT.. 

ILVAITB, UBVRITE, or YENITE. Acid 
silJoate of iron and calcium, HCaFe "aH'o"' 8 ij 09 . 
crystallised in tho orthorhombic system. It 
contains theoretically FoO 35*2, FegOj 19*6 p.o. 
(Fe 41 p.c.), but the ferrous oxide U partly 
replaced by an equivalent amount of manganous 
oxide (up to 8*6 p.c.). Sp.gr. 3'fl“4'l, H. 5J-6 : 
gelatinises with hydrochlorio acid. The mineral 
u found somewhat abundantly os brilliant black 
crystals and as compact masses in tho iron mines 
at Rio Marina and Capo Oalamita in Elba. It 
is also known from Campiglia Marittima in 
Tuscany, Hebron in Nassau, British Columbia, 
Qreeniand, and Japan. I>. J. S. 

IMIDES. Nitrogenous compounds obtained 
by the action of gaseous ammonia on the 
anhydrides of dibasio acids and resulting in 
the substitution of tho bivalent ^NH group 
(imidogen) for the oxygen atom uniting tho two 
carbonyls, : 

/CO . 


dootloD of nother amino groop; used m a 
photognmhie dordoper. 

l]ipEltUUlfEC„H«»N 04 . An alkaloid di*. 
covered bv K. Frmgner in FrtliUaria Imptriaiu 
(Linn.). Short nMdies, m.p. 264*^ (apiffoz.) 
[oIq— 35*4^ in ohlomform; ^elds a ozynidlins 
hydrochloride (Ber. 1885, 21, 3284), It is a 
heart-poison, and is probably closely related to 
the older alkaloid ^'u/ipinc, discovered by 
(torard iu Tulipii OcAnfruina (Linn.). 

IMPERIAL GREEN. Emfrald Often v. Flo- 

.ME NTS. 

IMPERIAL SCARLET v. Azo- (xiixiURmo 

MATTERS. 

IMPERIAL YELLOW n Aukantia. 

INACTIVE CAMPHOR CAMruuns. 

INCANDESCENT MANTLES Gas mamtlxs. 

INCARNATRIN Gi.uoosidks. 

INCENSE, scf. Olibanum, art. GnM-RBsisB; 
Oleo-resin.s. 

INDACONITINE ». Aconttinb. 

INDALIZARIN v. Oxaztnr coLOUBmo 

MATTERS. 

INDAMINES and INDOPHENOIA. 

Vou'itttuiioH niul mode of /ormori'on.—The 
indamincH and indopheuols are colouring matten 
most of which are too unstable to be of great 
practical value, but many of them are interesting 
as intvrmodiato products iu tho manufacture ox 
other more important dyestuffs. From a 
theoR'tioal point of view they can claim great 
importance, as they form the starting-poi^t of 
tlio modem ‘ quinonold ' structural formule now 
universally adopted for tho majority of coloniing 
matters. This is due to the faot that the inda- 
inines and indophcnols are the simplest real 
oolouring matters derived from tho quinones. 
which are now considcrud os prototypes of 
chromogens. 

Ail aromatic hydrocarbons are oawble of 
f«>rming quinonold derivatives by the ^pUoe* 
mont ofip 2 hydrogen atoms by 2 atoms of 
oxygen. These may stand either in o- or in p- 
position to each other, whilst no quinones have 
ever l>oen discovered whioli contain the oxygon 
atoms in tn- position. The divaiont natnue 
gf oxygen forces us to conaider the quirones 
either os peroxides of aromatic hydrooarbons 
or as alicyciio dikotones. The first of those 
posaibilitioB was formerly considered M more 
probable and was made tho basis of this article 
in the first edition of this dictionary. Slnoe 
then the dlketone formula has oome to bo 
generally adopted anfl it will therefore have to 
M used in this revision of the article. 

The following formula? represent the two 
different constitutions which may be ^ven to 
p-q^uinone, the pifitotypo of all the sjiostaiiges 
to M mentiohea in this article: 






nH4 TNDAMINES ANT) JND0PHEN0L8. 

iiicHC two different ronstitutions can be cliviijied 
an undoubtedly preferable to the other. It is 
very probable that tho quinoncs are tautomeric 
an<l posBoshod «jf both constitutions according to 
tho circuniKtanreH under which they react. 

Jf lh<* oxygen of p-quinone be replaced by obtained by adding a solution of bleaching* 

divalent iiniiio gnnijta =NH, two compounds powder to an aqueous acidulated solution of 

may be obtained, 7 )-qnim>neimido and p double salt of dibromaminophenol hydro- 

quiiionediitnidc. which for many years have Ix'cn ohlorido and tin chloride. It separates In 

ium.sidcnxl an hypothetical but have recently hesh-colourcd crystals, molting at 80® (R. 

iK'on prepan-d by WillHiattcr (Her. 117, 1404. ;\lbhlau, Her. 10, 2845). 

4(5(lo)- 'i’hey arc very uuntable subHtanccs the N'Cl 

constitution of uIimTi is cxj)nH.4(“d liy tbe follow- jj 

ing formula- (based, ns all tin- subsequent Qulnopedichlorodiimide OflH* is formed 

formula.! of tins article, nii the tidictonic con |j 

stitiition of ibe i|uinon''«} N'Cl 


Dlbromoqulnoneohlorolmide CaH|Br| ii 


o , N —11 


/ 

I' I' 

N—H N -H 

yi-QuiiuaicliTiiilc //-ipiluoncililniiilc 

The iminio hydrogen of lbc.se comiiounds may 
Ik* replaced by halogen atoms, and wc t hus obtain 
substances of a comjiaralixTly fitahle nature 
which have Ix'cn knoM n for a.Jong time and may 
ho used for ilie preparatiim of various deriva¬ 
tives. U was by treating quinonedichlorodi- 
imido, dissolved in ether, alwolutely free from 
moisture, with tho theoretical quantity of dry 
hydr(*gcn chloride that IVillstattor first sue- 
ceodod in preparing 7 i-quinoiie(liiini(le. T^atcr 
an lio found a general method for the jiroduetion 
of both these imides in the oxidation of either 
ji-phcnylcncdianune or ;>'ammoj)henol with dry 
silver oxido. They are slightly basic sub- 
stanoos, cauablc of forming unstable hydro- 
ohloridesir In a free state they arc white, hut 
they roaomble quinono in their leaetions. Their 
great tendency t o poly merisat ion is the i iuse why 
previous aitenipt.s at their isolation have failed. 


Quinonechlorolmide ('aH, has been obtained 

II 

’ o 


by acting uith a solution of bleacliing-powdcr 
u))on a solution of p-plienylenediamine 
hydrochloride (Krause, Bor. 12, 47). Will- 
.slattor (B(t. 117, 1498) prepares it by allowng a 
Boluiion of IVl grams p-phcnylencdiamine 
hydroclilondc in 120 c.c. hydrochloric acid and 
GOO c.c. water to flow into a hypochlorite solu¬ 
tion prepared by introducing 75 grams of chlorine 
into the solution of 90 grams sodium hydroxide 
in 500 c.c. of water. The imido separates in 
whitish flukes and may be recrystaUiaed from 
light ]>e(roleuin. White needles, insoluble in 
water, soluble m alcohol, benzene, &c., and 
exploding at 12(5®. 

N-Br 

Quinonedlbromodilmide CJIi may be pre- 

1 ! 

N*Br 

pared by acting with bromine water upon p- 
lihenylencdianiine hydrochloride (Krause, Ber. 
12, 50). it is similar to the chioro derivative, 
and exiilodes at 80®. 

These substances are not colouring matters, 
as may he seen from the above description. 
They cannot be colouring matters, because they 
are indifferent, whilst every dyestuff must h« 
either an amine or a phenol (Witt, Bau und 
Bildimg farbender Kohlenstoffverbmdungen, 
Ber. 9, 522). Their chromophorio oharaoter, 
however, becomes apparent in those of their 
derivatives w-hich are endowed with either 


by Schmitt and Bennewitz (J. pr. (‘hem. (li.] 
8 , 2). It is prepared by allnwing a solution of 
4S grams p-aminophenol hydroeKloride in TitH) 
c.c. water and Ilk) c.c. concentrate*d hydro- 
chloric acid to flow into a solution of sodium 
hypochlorite prepared by introducing 35 grams 
of chlorine into an ice-cold solution of 46 
grama sodium hydroxide. The imide settles 
out and may be recrystollised from light 
lAtroleuIn (Vnllstritter, her. 97, 1409). It 
forms yellow crystals, molting at 85®; it is 
slightly explosive, volatile with aqueous vapour, 
and resemDlea qjiinono in many of its propert ies. 
» N-Cl ^ 

J * 

*' Triehloroqiiliton«ohlorolmide is 


basic or acid prorariics. Nitrosodimeth^laniline 
ind nitrosophenen, which, as their constitutional 
[ormulic show, are closely related to quinonedi- 
imide and qiiinonoimidc: 

/CH, 

N—H N—CH, 

f, II'Ha 

/\ /\ 


N—H 

(>ii)noneditmide. 


N—OH 

QttinoaedimetbyUmbio* 
oxime elUorlde(jdtroeO' 
dlmethylaBiline 
cUorlde). 

N-OH jf 


h 

prepared in the same manner from triohlor- 
ammopbeuol hydroohlmide (Schmitt and Andre- 
sen, J. pr. Chem. [{!.] S3, 438; ^ 429). Yellow 
nee^es, m.p. 118*, dxnilar to quinoneobloromide. 
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'■"m. 


y\ 


\ 


+ 


! = 1 K'I+ 


• !l 1 

N—€I NH, 

Dic'hloroqiilnonp- (t-Naphlhyiamlno. 
diimlde. 


N 


0 ,HC 1 , + 


o 

QOllKm^ 

chiorolniikto. 


C,H. 

i =Ha + 

N(CH.), . 

Dlmethfi- 
miUiiift. 


CeHCl* 

il 

N 


are by Tirtao of thdr baso and phonolio nature^ 
eobniiQff matton ponewing some afimity for 
fibn% Bluioiigh ibey h»ye no pnetioal valne os 
dyestofis. 

We may» however, obtain red oolourins 
matten, many of which have proved useful ana . 
interesting, by preparing substitution products of 
the quinoaeimides in which the substituting ; 
radicle is attached to nitrogen. Such products 
may be prepared by acting with amines or 
phenols upon quinoncimidos, or their equiva* 
lents, quinonamidoximes (nitroso bases) and 
quinoneoximes (nitrosopheuols). Various cases 
may here bo oit^: 

1. By acting with aromatic aiflincs upon 

a uinone^chlorodiimides, indamines arc formed, 
ms: 

N—Cl N-ti 


& By acting with phenols upon quiam* 
amidozimes (nitroso baiee} normal iudophenols 
are formed: 

»(OHa). 

/CH, 

n(ch. I 

II M +C,3;-0Na=-.H,0 + N»CI + N 

C.Ha Modinni a* |( 

!i naphtlioxldo. 

N—OH 

NltroHOiH- 
iJicthylnnlHuc 
hy«ir<»<’lilori<le. 


00 


C.oH^-NHa 
Xnplithindiiinine. 

2. By acting with aroinatio amines upon 
quinono^atnidoximes (nitroso bases) indnrnines 
are formed likewise : 

/chJ 

/CH, • 

N-OH, I 

ll^Cl NH, C',H, 

/\ \/\ i 

li II + II =11,0 + N 

[1 1 HClH,N\/\ 

N—OH NH, !l S 

Nltrosodimethyb m-TolyIcne- \/ 'CH, 

anlUne hydro* diamine. >. 

chloride. Au 

(IMmethylamlnoquInoneoxlme 

chloride,) Tolylene blue 

In this case, as in many similar ones in this 
group, the quinonoid character may in the forma¬ 
tion of the dyestuff be shifted from one benzene 
ring to the other. This has been indicated in 
the formula, although we have no positive proof 
that such shifting takes place in tho formation 
of tolylene blue. 

3. By acting with aromatic amines upon 

quinonechloroimides normal indophcnols arc 
mrmed: q 

NCI 


0 

Normal nsphthlndophsnol. 

Tn this CORO again, ns in No. a migration 
takes place and the quinonoid nature is shifted 
from the benzene to tho naphthalene nuolena. 
This can l>e proved to be the case by tho fact that 
tho resulting dyestuff is a weak ba.so but entirely 
devoid of phenolic propert ies. It cannot there* 
/<ire contain an OH group. 

b. By acting witli jdienuls upon quinone* 
ohloroimitics colouring matiors arc formed, which 
although practically Ixdonging to the indo^enok 
are distinguished by the prosonco of a free 
liydroxyl group, by which they assume pbenollo 
properties, dissolve in alkalis and have therefore 
been designated by the name of ‘ acid indo* 
]>honols.’ 

NCI 0 

11 II 

C.Hi+OjHsOH^HCl+OoHi 

II II 

N 


0 


Quinone 

chluruiinidu 


Aclii Indopheool, soluble 
in alkalis. 


C,H.N(CH,), 
Dimethyltrichloro' 

- benziDdopbenol. ' 

4 . By ootiog with phonok upon quinone 
ilfailXwftrttimlAMi indophenok of a more comply 
oabed natoTB may be lonned : 

H-a 


CA + 


ac,H,0B 

Amoi. 


N—C,H,-OH 

ii 

U » 

N--C.H 40 H 
Comirfez Indqioeoot 


7. The same result takes place if the equJva* 
lents of quinonoimide, viz. tho quinoneoximes or 
nitru.sopheuok b«.% acted upon with phmok * 

• 0 

B 

O , O.H4 

il ii 

C4H4+C,Hj0H=.H40+N 

II J 

NOH C4H4OH 

Qulnooeoxlme Phsaol. Acid indophefiol. scriubk 
{oitrosopiioDoI). In aiJulis. 

8. If, however amines be acted upon with 
nitroBopheneds, a normal indopbenOl U fte 
reeult: 

O 

0 ' C,H, . 

• U J 

c,».+c,„h,-nh,=h,o+A ‘> ^ 

N-OH • 

Nitrowipluiial. Ii>dO|il)Md|^g0lMM 

i 9. Tin qmnones thenueln* BifliMd 

I ior th* jffodnotioa at ibme dfxtdb hf 
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n88 

acted upon vith suiteble diaminoa or amino- ' 
phenols; 

0 Nil, 0 


Nil, 


N 

I 

C.H. 


13. p-Aminophcnola oxidised vith aromatic 
phenols produce acid indophapoia : 


-OH 


0,11. -t-C,HjpH-|-20=2H,0-HN 

ATIT m.asnrO jj 

C.H. 


^.'NH, I’liinol 
p-.\niinn- 


NH, 

Ntiphtlm* p-Plipiiylcno- Indophcnol. 
i|uinon<‘ (liunijiiD 

ThtB niaction niakdw it ovident that the 
iridiiminoH and indophonolH are nothing cIhc* 
than a of'rtain group of tho iargor fanniy 
quinono aiulidoH, viz. tlumo of tlioso anilidos 
wliicli uontaiij tln< auxorliromic groujw itceoMsnry 
for developing their natun? an dyoHtutlB. 

For the produolion f>f indaininoa and indo- 

{ >henf>lB it ia, liowevi'r, not neoesaary to Htart 
roni n?ady-forin(«l qiiinnnes, quinoiioirnitloa, 
diimidoH, 4)r (juinon(‘oxinu'B. It U posHible to 
propare thoHo HubstuneeH by the joint oxidation 
of aniinoB or phenols with oompoundK which arc 
cftjwvble of pnalucing a quinoneimhlo or diimide. 

In thin process wo may awHunK^ tlnit the 
hypothetical quinonoimi<les and -dlimidea aro 
fomjcd as intormediaU? products which imme¬ 
diately roart upon tho aminos or jihonols pre¬ 
sent in the mixture, forming indaminos nr indo- 
phonols, us tlm case* may be. Kvorv p-amino- 
phonol or p.«Uamiiie is oapablo of Ijoing used 
for this I'oaotton, iind a large variety of oolnuring 
matters may thus 1 k‘ producecl. The following 
oombinntions may take place j 

10. jeDiamines simultiineouslv oxidised 
with aromatic amines give rise to tfio formation 
of Indaminos. ^ 

NHa Ij 

Q -h Q^'S.20.2H,o/r 

I NH, C.H.Nll, 

NH, I 

7 J-rhenylc«e- m-PhiMiylene- NH^ 

diamine. dinmim* Tndamlup * 

(phcnylcnc-'iolet). 
U. p-l)iamino8 oxidised with aromatic 
phenols pToduco normal indophenols: 

NH; 

nh, I 

(i,H,+C.H,0H+20=2H,0-l-li 
NH* Phenol. )1 

j»-Phenylrne* 

* dlamhie. « i| 

0 

Typical inih'phenol. 
12. p-AmmophenoU oxidised with aromatic 
amiOM prodaoe normal indopbenols 


IllM’Ilol 


Acid Indophcnol. 
From the above it will bo seen that all tho 
variou.s coy^mring matters prepared by these re- 
acti'in.s ami built up on the quinone type may 
be subtlivided into three varieties :— 

n. True imlmnliie/i containing no oxygen, 
and having the generic formula : 

Rti==NII 


N 


Rn -NH; 

strong bases, forming stable salts with mineral 
aciiln. 

h. Xouml iniloph'noU, containing oxygon 
in ilu'ir cliromophoric group; being amino 
derivatives of substituted quinoneimides of the 
generic formula : 

Rn=() 


N 


Rii-NH* 

very weak basoa, inca])ablo of forming stable 
salts. With those tho hydroxy derivatives of 
quinonodiimidos: 

Ril-OH 

I 

N 

n 

Rn=aNH 

are practically identical, being transformed into 
normal indophenols in statu nascendi by the 
shifting or migrating process already mentioned. 

c. Jn'tl inkophenoU, hydroxyl derivatives of 
(juinonimidpH of tho generic formula : 

Rn=r() 


N 




N(CH,), 

-|-0,S,N(CH,),-|-20=2H,0-|-li 

DimeWl&nlUM. g 

CgH* 

phenes. «: g 

0 

Indophcnol. 


Rii-OH 

distinct phenols, dissolving in caustic alkali 
solutions with intense colorations. 

Like all colouring matters the indamines 
and indophenols are capable of being reduced 
by tho action of nascent nydrogen, of which two 
atoms are taken up. Colourlees ‘ leuoo- ’ com* 
pounds are formed which stand in the same 
relation to the original dyestuff as hydro- 
^ quinono stands to quinone: 

r Rn-NH, Rii*NH, Rn*OH 

in iIh 

1 , llii-NH, in-OH lin-OH 

I^eaco-ludsmlne. Normal Add 

f leuco-lndophenol. leueo-lndopbenoL 

It will be oleaiiy seen that tiieee fomtdn el 
the leuoo deriea^ees are kfentfcel witii the 
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formal^ of paradiamioo, aminohydrozy, and p- 
dihydrozy dorivalAves of aeoondary aromatic 
baoM Now as tbo leuoo deriratiTea uf indamines 
and i&dophenola are capable of rooxidation into 
the original dyestuff, it is apparent that wc 
have by this means three additional methods far 
the production of such colouring matters: 

14. Di'p-amino derivatives of secondarj' 
aromatic bases may oxidisc^d into itnlainines. 

15. p*Amino-p-hydroxy derivatives of 
secondary aromatic bosen may oxidised into 
normal indophonols. 

16. J)i-/i-hydroxy derivatives of secondary 
nnimafio bases may l>o oxidi.sed intt>^'id indo. 
phenols. 

I’lio conditions uiuI<t which tlieso various 
reactions should be iM*rformcd are .stated Iwlnsv. 

'}’ 1 h‘ remarkable relations exi.sting between 
dyestuffs and their Imieo eompoiinds wete 
recognised and Htu(lie<l by cbemisls at an early 
{)eriod. In no group arc they ho clearly didlned 
as in that of the indaniinc.s and indoplicnols. 
Their com})letp iduciilation in tliis group very 
naturally sheds light njion analogous jiheiiomena 
observed in otlier colouring matti'rs. and tlius the 
stuily of this class of substaiu’es grentiy faeih- 
tated the introduction of the modern views of tlie 
’ quinonoid ’ constitution of colouring matters. 

Literature on the (.'onstitution of Indaniiiu's 
and Indophenois, Otto N. Witt, J. Soe. Ohem. 
Ind. 1882, 250 ; K. Molilnn, Her. Mi, 284M ; Otto 
N. Witt, hritish Assoi'iation, IhSi i .Joum. Soo. 
Dy. Col, 1887; It. Nieizki, (.trganiseho Karb- 
stoffe, .^tli ©d. IfKM), li)7 ft .*<<■/. 

UiMofy. —'I'ho first induininc olmorvod was 
the intermediate jiroduel obtained in the pro. 
ductinn of safranino, of which, however, no 
account was published. In 1871), Otto N. Witt 
prepared the first indnmine in a state of [turity 
ny acting with nitrosodimcthylanilino hydro¬ 
chloride upon m-tolylenodiamine (Bor. 12, 
9,^1 ; Ohem. Soe. 'I'rans. 1870, I. 056). Jn 1881, 
Otti) N. Witt and Horace Kbehlin obtaincci 
patents for the production of normal indo- 
hoQols. The production of ‘ acid indophonols ’ 
y the reaction of quinoncchloroiniiiio ujion 
pnennl was first mentioned by Hirscli (Bor. 13, 
1909), and discuasetl by Mdhlau (i/n'rf. M>, 2845). 
The normal indophonols only have found a 
practical application in dyeing and calico, 
printing. Owing, however, to their insuflicient 


Qesellaohafi filr Cbnmiiohn iDduatciOt la Baste 
(14 Dec. 1898 ), and the oo ir ea pondiag Pah. 
284387 and Amer. Pat. 06564 ;. 

Prowrtxe ^.—The properties of the iadamlnaa 
and inaopheiiols arc more uniform than Uiose of 
other elaaso.i of oolnuring matters. It has con¬ 
sequently IxH'n nooesaary to prepare only a small 
number from the host of possible mombera of 
this group in order to obtain a fair notion of the 
propertuvs of the wlii»le group. With very few 
excc'ptioris their shailc is blue or violet; in some 
ea.scH a bluish-green. The shade of the dye¬ 
stuff is exhibited : 

n. in the tndatnine group by the normal salts 
of t he indainim* bast's. 

t) In the group of normal indophonols by 
the free bases. , 

r. In Iho group of acid tudophonois by the 
alkaline salts of the clyeHtuffs. 

All the indamines and indophonols possess 
(ho generic character of the quinono group. 
'I'liey arc therefore capable of acting as oxidising 
ngi'iiU if brought together with oxidiitahle sub- 
sUvnecH. In such reactions they take up hydro¬ 
gen and are IransfornuHl into their leuoo deri¬ 
vatives. So ooiiHiderabli' is their U'ndonoy to 
net as oxidising agents tlmt, umlcr suitable con¬ 
ditions, an indaminc or indophcnol will attack 
its own molwuloH, when a mixture of its oxida¬ 
tion ]tnKlu<-ts and iU leueo compounds is the 
result {v, SafniniiifJi, art. Awnks), The con¬ 
ditions under which such ix'aciions take place 
are, an i-levated tenijKiraturo and the proeonoe 
of mtiK'i'al acids. 'I'he indamines and indo. 
plienols an' consequently unstable in the 
))reH(‘ne(‘ of ueids, whilst in alkaline and neutral 
solution they disjilay but little tendency to de- 
compoH 4 \ A similar deoom[K)sition U caused, 
cspeeially in the indarnincs, by iho action of 
sunlight; the normal iodophenols may, on the 
contrary, be ciillod rather fast. 

Thu jailnwing is an aceotmt of those members 
of this group of dyestuffs which have been more 
oloaciy examined or provinl important from a 
technical jKunt of view :— 

I. lNDAMrNK.S. 

• Phenylene-blue CuHuN, 

('< 'nstitution (I 4 H 4 - NH 3 

N 


resistance to the action of acids and to the It 

difficulties in their appHcati..ii, they did not 

make very rapid progress in the favour of 'rhis compound is best prepared by oxidising 
practioai dyers and colourists. A change for a mixture of p-phcnylenediamine 1 ^ anlHne 
the l>ettcr took place, when it was shown that hydrochloride in equal molecules in the Odld, 
the typical indophcnol is a good vat-dyo and with the theoretical quantity of potassium diohro- 
capable of being used in combination with mate. A gr^cnisff-blue liquid Is formed, frooi 
inugo. The consumption/>f indophcnol became which the iodide of phcnylcno-bloe may be pre- 
considerable for a while, but went down again as oipitated by the addition of potassium iodide 
rapidly as it had gone up when the introduction dilution. This salt forms long needlee witb a 
of synthetic indigo lowered the prices of thie^ green metallic lustre. It U solmte in water with 
' king of dyestuffs ’ and the invention of manu* a grcHnir»h-bluc colour, which turns into gresft mi 
Indigoid colouring matters overwhelmed the the a!aditi<yi of mineral acids. Add uolotiomi 
dyer with dyes suitable for the vat-process. decompose very rapidly, a oonsiderabte qcuMit^ii 

In later years some of the indophenois have of p-quinone being formed in this daoum- 
beoomo important as raw materials for the pro- position. On reduction phmyiaie-Uiie yteUi 
dootion of some valuable sulphur dyes, which di-p-amino^phenylaznine, from iriiioh 
on prepay from them by the woll-l^wn pro- ene-blue may be regenerated bv dm]^ 
oess of M^Dg or melting with lUkaline sulphides. | tion, Phenytene-bhie is transfotnilft htite te*. 
This new appUoation of the indophenois had ! franineon boUed in a neutral aolntio&trt^ 
been first iiKDoated in D. IB F. 132212 of the > aoiHne bydroeluMide (o. Saframne)* 
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INDAMTNE6 AND IND0PHEN0L8. 


lAtfTtUvrr. —11. Niotzki, Ber. 1883, 10, 464; 

Niotzki, Orgjiii. Farbstoffr, Hth ed. 1900, 200. 

Tetnunethyl derivative of Phenyleoe blue 

Dhnrihylphmt/lnK-grecn). 

fVtnsliln(i(in ObH,— 

I ' 

N 

II 

^C'l 

Thj« inlorcHtini? compound, which in the 
;omi)leteIy nuahylatcd derivative of the j>re- 
edlng one, is formed by the joint oxidation 
•f fw.vw-dlmeth.vl-7^phenylonodi^lmiue with 
limothylaniljne, in equal inolceuleH, with 
>otaa8ium (^icliromaie in the pn^aenee of zinc 
dilorido (Hindbchedier, lior. 13, 207). The zinc 
lotiblo aalt is at once depoHit.od from the liquid, 
^cording to the quantity of zinc eiiloridc pro- 
ent the tTvstuls are «>ither of a coppc'r colour or 
lave a metallic grei^n liiatrc. 'J'hese crvatals 
.n'. freely soluble in pure water, with a fine 
;r(“cn coloration. IVitassinm iodide jirecipitates 
rorn this solution the jihcnylene-green iodide 
ielf|(>N^al in beautiful griMui needles, which are 
osily soluble jn pure water, verj’ iusoluhle in 
he presenc<‘ of an excess of ])otaNHium iodide, 
"ho jdatinum double chloride has the com- 
»o 0 ition dimethylphenyl. 

-ne-green is more Htahlc than the majority of 
ndamines. On nuluetion it yields tiTramcthyl. 
lianiinodiphcnylamino frotn'wluoh tho green 
nay be regenoratod by oxidation. 

Dimcthylphenyleiie-green dyes silk and other 
Ibres A yeflowlsli sliade of green. It has, bow- 
iver, found no ajiphcatiou as u colouring matter, 
loing rather unstable to light. 

JtA Holution, ou b(*ing boiled with the sohi- 
ion of an equal molecule of the liydroehloride 
if a primary amino, yiidds tho corresponding 
afranine. (Also Safranuir.) « 

AfVcmhirc.— Bindyeliedler. Bcr. 13, 207 ; \\. 
iJictzki, *7>»d. 16,464; Bimischedlcr, ihuL 16, HOri. 

Diethylphenylene-green CjoHasN^d is ob- 
ainod by oxidising dictliyl-ji-phcnylencdianiino 
vitli ifiethylaniline in the presence of mcrcur^ 
ikloride. Very similar to the mothvl derivative, 
)ut leas stable. 

Litemturf. —Bindscbcdler, Bcr. .16, 867. 

Homologues of phenylone-blue. These arc 
onned by the joint oxidation of p-phonyleno- 
liamine and tho homologuea of auilino ‘or of 
»*tolylenodiamino with aniline and ita homo* 
ogues. They plav an important part in the 
nanufacturo of tne commercial safraninea, in 
rhioh they ere obtained as int/*rmediate products, 

. N. Witt, S. Soc. C'hem. Ind. 

882, 200 . 

Wm*s phenylene*violet C,,H,,N 4 HC1. This 
Ribstanoe is obtained by the joint oxidation 
)f p'phenylenadiaroine with m*phenylene* 
livnine. ita aqueous solution, whiA exhibits^, 
k fine purple shade, is decomposed on filing, 
rtien a oonesponding diamino-azine or eurho* 
line is formed. Similar compounds are obtained 
'sy the j(^t' oxidation oi other p-diomines 
sith M'pheDyleneduuiune. This reaction is, 
hfavfdrs, ap]uioaUe oa a test for both p* and 
RHUominCis. 

wmi ifcatylsM Mne (i 4 Ht.N 4 *HCt. The 
lipBOthy) darivatiTfi of the jureoeoing aubstanoe 

4 


is formed oitlier by the joint oxidation ol 
dimethyl-p-phonylencdiamini and m^phonylene* 
diamine bydrocUoride, or by mixing together 
lukewarm solutions of nitrosodimeuiylaiuline 
hydrochloride and fn*phenylencdiamine, both 
dissolved in glacial acctic acid. It forms bronze-* 
coloured crystals, readily soluble in water, with 
a puiqilish-blue shade. On the addition of 
mineral adds unstable diacid salts of a yellowish- 
hrown colour are formed. Tho aqueous solution 
is dccom])Oflcd by prolonged boiling, yielding 
neutral violet, a colouring matter of tho eurho- 
dinc group (r. Safranuir). 

Liirraiurc .—Otto N. Witt, D. R. P. 15272, 
IHW); Kng. J’at. 4846, 1880. 

Tolylene-blue 

.CH 3 

(’onstitution 'HCl 

I "CiJ, 

(i^H, 

II 

HjN -CAHodfs 

I! 

NH 

This is the most thoroughly investigated 
membor of tbe group. It is formed by the action 
of oxidising agents upon a mixture of diraethyl- 
y>-phcnylcnediamino and m-tolyloncdiamine, 
or by Iho direct combination of nitroso- 
dimelhylaniline hydrochloride and free m- 
tolylenediamino. It is best prepared by the 
latter method. On mixing luKew'ann aqueous 
solutions of the two ingredients in the proportion 
of equal molecules the blue is formed at onoe, 
and on cooling settles out in the shape of glisten* 
ing bronze-coloured crystals which have the 
composition C’laHj^Nj'HCl. On adding hydro¬ 
chloric acid to an aqueous solution of this com- 
'[>ound a much more soluble diacid salt 

of a reddish-browm colour, is formed. By the 
action of reducing agents, especially stannous 
chloride, the leuco derivative of tolylcne-blue, 
dimcthyltriaininotolylphenylamme CpH-oN 4 is 
formed. An aqueous solution of tne blue is 
decomposed by prolonged ebullition. The pro¬ 
ducts of this decomposition are leucotolylene* 
blue and dimethyldiaminotoluphenazine (7’ofyl* 
me red, r. Azwes). 

Lite.ratvre, —Otto N. Witt (Ber. 12, 931 ; 
(’hem. Soc. Trans. 1879, 356; D. R. P. 15272, 
1880; J. Soc. Chem. Ind. 1882,256); R.Nietzki 
(Ber. 16, 1883, 475). 

II. Indophekols, 

The simplest indophencl C,.H..N.O 

0 

» 

C.H, 

I II 

N 



ns prepared in 18SQ sod daxnilwd to Uw 
inraiton, B«aae KSehBo and Otto K. wm to 
tlieir fondsments) pstento: D. R. P, IIMS; 
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Amtf. Pat 261518» Pi** Pat 141843, Eng. i £«teralitfv.'*-*Honc6 KSolUiu and Oito K 
Pat 1373, 6349, JSSL It may be obtaiued Witt, J>, R. P. 16916, 1881. taop. OaaaeUa 8 


nirpoae by theory (see above, modee of forma- 
tioa). The beet owthod for ite preparation ia 
the joint oxidation of p-phenylenediamine and 
phenol diaaolred in water in equimolecular pro¬ 
portions with oxidising agents, which act in a 
nentral or alkaline solution, such as sodium 
ferrioyanide, potassium persulphate, or hyix>- 
chloritea. The last-named are exclusively used 
in industrial work. The dyestuff, which i.i of a 
reddish-blue shade, settles out at once. It 
however, very impure and contains otlgr colour¬ 
ing mattciB which are formed by the coiidentuv- 
lion of part of the iudophcnol formed inU) more 
complicated indophouofs of a higher molecular 
weignt. According to the D. R. RP. 179204 
and 179296, this is not the case if lead or man¬ 
ganese peroxides be used os an oxidising agent. 
Another method, indicated in the 1). R. PP. 
160710 and 108229 consists in oxidising a 
mixture of phenol with tho monoacclyl or the 
monoarj’l sulphomo derivatives of p-])lieiiylene- 
diamino and subsequent decomposition with 
alkali. 

This dyestuff is insoluble in water, <'uaily 
soluble in alcohol, ether, or Iwiuene. Ai^ius 
dissolve it readily adth a yellow colour. The 
solution is quickly decomposed on standing. 

A very similar dyestuff of a bluer shade may 
bo obtained by the joint oxidation of a mixture 
of p-phcnyicncdiamine and /^-xyluriol in 
molecular proportions. 

Other nearly allied indophcnols arc prepared 
by the joint oxidation of o-tuluidine and 
p-aminopbuDol (Cassella and Co., 1). K. P. 
199063, 1901); and by the action of nitroso- 
phenol upon p-chloro-o-nitrodiplionylammo 
(Kalle & Co., X). R. P. 205391, 1907). 

AU these indopbcnols are extremely similar 
in their properties. Notwithstanding the in¬ 
tensity and beauty of their blue coloration 
they have not acquired any importance as 
praotioal dyestuffs, probably because they are 
80 easily attacked and decomposed by mineral 
acids. But in later years they have assumed 
great importance as raw materials for the manu- 
faotore of very fast blue sulphur dyes, and this 
has caused the appearance of numerous patents 
for the production of such indophenoU, the 
mue important of which only can be mentioned 
in this article. 

P twiatti^ derivative of simplest indophenol, 

Ci»Hi4N*0, 

0 

!l 

C 4 H 4 

II 

N 

C,H, 

^(CH,), 

is obtained like the preceding compounds by 
joint ogidfttion bom a mixture ot ^enol and 
dunethyl-p'phenylenediamine or by oxidisu^ 
a arixtnre of dimethTlaidlioe and p-amino- 
pheiwdt it orystolliaes bom alobhol in glilteoing 
green nnodVii Its ak>dho&i sedation b of a 
Mttbst gweayi-Uue oohwr, « 


Dlmetbyt-trtehlorolndopheiiol CaHttCiNiO 

N(CH*), 


Ls obtained by tuixiiig <tk-ohulic solutions oJ 
tnchloro(]iiiiioii(‘chloroinnde (I inel.) and dl- 
mothylanilinc {2 mols.), according to the equa¬ 
tion : 

Rccrystallised from alcfdiol, it forms long greet 
glistening necdl(», which have tho general cha¬ 
racter of tiu: indophonuls and arc oomjiarativel) 
stable. On i-eduction it yields the corre6|K}ndin( 
louoo coinjxmud, dimothylaminohydxoxytri 
ohlorodiphonylamine, C'l^H, ‘laN.O. 

LtUrntvH'. —Schmitt and Anderson (J. .Jir 
Chom. lu.]24, 436). 

Carbazole indophenol. This ourioui sub* 
stance, wliich has boon obtained by Cassella k 
C<i. according to mode of formation No. 8 from 
caibazole and lutrosophcnul has evidently the 
u(»nstitution : 

/\ 


It ia of great miMrtanco because on bring 
heated with polysulphidcs it yields hydran bfue, 
a sulphur dye insoluble in sodium sulphide solo- 
lion, but capable of being used in the vat in 
exactly the same way os indigo and giving deep 
blue snades which arc quite as fine and fast as 
those obtained with indigo itself. It is theoiefon 
expected to becemo a serious oompe^tor d 
inoigo blue. (IVce Indioo, AsTmcixL, and Is- 

DIOOID DYK8TUFF8 ; VaT DVKS, MODSSV.) 

Ail the indophenols mentioned so fv have 
this in common, that they ar^ derivatlTes of 
) J-quinubc, and this accounts lor the siai* 
^nty obtheirprqpertiesand ohemioal be.bavioBr. 

A markotrdinerence in this respect is shomr 
' by the indophenols which are derived boa 
naphthoquinone which is iteelf les/reactive JHUI. 

' consequently more stable than the beoseoe. 
' derivative. This stability also shows Itaetf bv 
; the naphthindopfaenois which oaD fhegsfata .' 
I to be appucahle sad even vatasbia 
i stuffs. 


m INDAMINES AND 1ND0PHEN0L6. 


Aithougb a largo nuDiber of these substances 
is foroseen by ihtury, the only well-known 
member of the grt>up is the one first discovered, 
the typiaU tndophnwl vt conunercc CjjHjjNjO 
(vat blue, Kiiponblau), the structure of which is 
expressed by the constitutional formula 


0 

II 





I 

It Mus discovered iii IWHD by llomec Kbeiiiiii 
and Otto N. Witt and described in Ihcir iunda- 
mcntal indojjheuui patents already nientutni'd. 

It is prepared from an plkaliiK* mixture of 
(lirnotliyl-p-phenylonodiaminc and a-najihtliol 
ill molecular projxirlions by oxidation, On a 
small scale potassium feiTicyamde or ainmonnim 
persulphate is the most converiicnt oxidising 
agent, whilst on the manufacturing scnlc air is 
blown through tlic liijuid, or a solution of sodium 
hypochlorite is cinploycil. It may also bo juc- 
parod by adding poiasHium chiomalo to the 
ulkaiim* mixture of tlio ingredients and aoidify- 
ing with acetic acid. Anotlier jmicess consists 
in simply heating on the xsater-liath an alcoljolic 
solution of frou nitrosoilimcthylanilimi and 
sodium a-najihthoxidc ; or m biinging together, 
in an aqueous solution, a-iia}ihthol, lutrosodi- 
mothvlamline, and caustie soda ; tins mixture^ is 
rapidly transformed into indophi'iiol if a nmnll 
quantity of a reducing agent, such as sodium 
stannite or glucose, bo added. 

Indophenol forms a dark-blue microcrystal- 
lino jwwder with a coppery inetallic lustre, 
exactly reeembling indigo. It is qiiiti iiisuluble 
in water, Bjuiringly snlubli' in spirit, ether, or 
Iwnzeue. It dissolves m dilut<^ mineral acids, 
forming salts of a yellow colour, ^\hich are, 
however, quickly deooinjKised. In this dcconi- 
jioaition o-napbthaquinone is formed us one of 
the p^duets. Indophenol is sUghtSy volatile ; 
on being strongly heated it forms a sublimate 
resembling sublimed indigo, lly nyiiu ing ugeiita 
it is tranuonned into its leucu dorivativo 

d i m 0 1 h y 1 a minophony Ihy ib-oxy napbthy lamiiie. 
This has been an article of oomraeR'c under tlic 
name of indophenul-whitc. It is quite stable in 
an acid state, but in the presouce of alkalis it 
npidly absorbs the oxygon o! the air, induphenoi 
b^g regenerated. 

The apj^oation of indonhemol to dyeing aud 
calico-printing is based either on the formation 
of the dyestuff /in the fibre, or on the oxidation 
oi-its ready-formed leuco derivative after fixing 
the latter on the fibre. The first mithod is' 
fareW employed. As an example the follow¬ 
ing dosori^on, taken from the patent siiecifica- 
timit n)ay serVe: Bleached oalico is printed with 
a thiokuied mixture of aminodimethylanilincond 
•odium a^naph^oxide; after drying and steam¬ 
ingit la |U<asedtbBoaghaBoiution of potassium di- 
ohroouMa, whan the blue is instantaneously do- 
vciopotL As a rule ready-formoti indophenol is 


employed for printing, reduced by being mixed 
I with a solution of stanneus acetate, then 
j thickened with starch paste and printed on the 
j fibre. The colour is developed by steaming 
; and exposure to the air. Indophonol-blue on 
oalico is very fast to the action of soap, fairly so 
to the action of light, but rather susceptible to 
acids. 

In spik’ of its many good qualities, indo- 
jihcnol at first did not meet with au enthusiastic 
rcccjjtion in' the tinctorial world. 'I’his was 
cliiLiigod by an interesting and for its time (about 
iHSa-lH!*;')) imjiortiint discovery of the Swiss 
m.imifac^<irmg firm L. Durand, Huguenin & Co. 

11 1 .-^ based on tlie fact that indophenol, mixed 
iMlli indigo, assumes the iirojicrtics of the latter 
<iiul may coiiscijiiently 1 h.‘ used in the vat pro- 
<c.H.s, cs]>ecially Mitb liydrosuiphite as a reducing 
agent. 

It is more than probable that the two louco 
conijiomidii of indigo and indophenol are capable 
of combining clicniically and that the resulting 
substance is endowed with strong allinities for 
I be librc. esjiccially lattton. It is thus easily 
taken u)i from the vat and, on being rcoxidised 
on the fibre, deposits in the molecular interstices 
of Iho latter an intimate mixture or even a 
I'liemieal eomiunation of the two dyestuffs, 
indigo and indophenol. 

An intimate niixturt' of indigo and indo¬ 
phenol, ground together into an impalpable 
powder IS tlio ‘vat blue* or ‘ kuijenblau ’ of 
(ommeree, which may still occasionally be met 
with, altlmugli it has lost many of its advantagos 
liy till' great reiluclion in the jirioc of indigo and 
liy the introduction of the elicai> and excellent 
dark-blue sulphur dyes, many of which are also 
eajiable of being iqiplied in the vat. 

Littraturc. —Otto N. Witt and Horace 
kck'lilin, 1). K. P, IbOlii, ISSl, with several 
additions; and corn'sponding jialenU in £ng- 
larul, Frtinuc, the United States, Sweden, Bd- 
giura, and Austria; Otto N, Witt, d. Soc. Chem. 
Ind. 1882, 144, 225, 406; K. Mohlau, Ber. 1«, 
2845. 

Ill, Acid [ndophbkols. 

It, lias already boon luentionud that those sub¬ 
stances arc not true acids, eimUining no carboxyl 
groups in their molecule. 'I'licy owe their name 
to tuo fact that, eoataiiimg no amino and 
Hcveral hydroxyl groups, they readily combine 
and form stable salts with metallic oxides. Of 
these only the alkali salts are known. In a solid 
HlaU' they form crystalline powders with a green 
or e(*])|X!r-cokum*(i metallic lustre. They or© 
oaHily soluble in wakT with an intense blue 
loloration. By the addition of acids the free 
imiophcnols are deposited in the shape of broivn 
or reddish flakes, which are soluble with a dark- 
red colour in spirit, ether, beniene, and analogous 
Holventa. * 

Thu acid indophenols show in even a higher 
degree the tendenc^V of the whole group to 
imiymerise into colouring matters of a more 
complex molecule. It is therefore extremely 
^fficult to prepare them in a state of purity. 
On the other hand, they do not show the 
susoepdbility to acids so oharactoristio of tiie 
iudaminoe and typical indophenoU. It is there¬ 
fore poesiblo to pie^ure thorn not only in alkalioo 
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but abo in acid solutiona and by means of 
oiidimng agents* which act in such. Their 
modes of fonnation are given above under 
methods 4, 6, 7, 12, and 15. 

Typtad add indoidieDOl C||U»NO,. 

0 

It 

C,H4 

tl 

N 

i 

The possibility of preparing this i.umpound by 
the joint oxidation of /> annniijjDonol au<l 
phenol is mentioiKid m Kochlin and W'ltt'a 
lund&mcntal indophunol patents, but its niann- 
facture seemed at lirst to offer no inlercut. 11 
is formed if quinonciinide ih brought into ronUu't 
with phenol, und it. Jiirs^eli oiiservcd it on 
adding caustic potash to a solution of ({uinonc- 
ohloroimide in phenol, iiut <lid not suecced in 
iaolating it (Her. 13. llMbt). 'I'he caiiae of tlieni' 
diffioulticB was reveah'd by the 1>. Jt. 1’. lo7288 
of the AcliongcsellHchatt fur Amlinfubrikutitm of 
Berlin. The formation of the dyolulT inuat take 
]>laco at unusually low' tiMuporaturcH if its 
tendency fur polyineriKation in a nu.Hcuut state 
is to be overcoino. Ai'i'onhng to tins ]iat<‘nt, 
tho product may Ik* jireparcd Mith a good yield 
if an equimolecular mixture, of phenol and 
p-aminophcnol be oxidised \Mth sodium huiO' 
chlorite at a (eniptuature tif —15 to 18'’, prefer¬ 
ably ill solutions saturatod with sodium eliloridc 
BO that the sodium salt of Ibo dyestul! is at once 
Baited out of the liquid. It is tluis obtained in 
the shape of glistening metallic gieen needles. 

These dyestuffs become more stable and are 
theroforo more easily prejmred if tlieir niulceule 
be weighted by the mtroductiou of various 
substituents : 

AeM dibromolodopbenol C\2H7Br3N02, 

0 0 

il tl 

C'elljBrj or C^H, 

Il tl 

N N 

€,114-011 (J,UaBr/OH 

(See remarks on migration under 2 and 5.) 

has been prepared in various ways by K. Mdhlau 
(Ber. 16, 2843). it may be obtained either by 
the joint oxidation of a mixturu of dibromo- 
aminophenol and phenol in moleouiar propor¬ 
tions, or by adding dibromo-quinonechloroimide, 
suspended in alcohol, to an alkaline solution of 
phenoL Tho sodium salt of the indupbcnol 
separates out in green glistening niMKlles, which 
are soluble in water and alcohol with a pur^ 
blue colour. On adding acetic acid to the solu¬ 
tion the free indopbenm settles out in dark-red, 
almost blook prisms with a metallic lustre. IV 
is soluble in oloohol with a magenta coIooA 
Idineral adds deoomposo this compound into 
diteomo-aminophenol and p-quinone. If • a 
ouirait of sulfur dioxide to introduced into 
station the sodium indophcnolate, tho 
ooneqKmding leuco comTOund OigH|Br,lft)j, 
dihydroa^nhbromocBpheayiainme, is foNned. It 
omtollises in white gUsteniog needles, melting 
at 170*. * 


Add dlmifiiyUiidf^^itiMl Ci4Ht»NO„ 

0 0 





is also much more slable and therefore more 
easily jirejianid tlian the typical acid indophonoL 
'I’his wuH shown in 1002 by L. CiwscUa A Co. in 
Ihcir 1). U. P. 101803 and tho corrosponding 
Kng. I'at. 4053, 1002; 2017. 1902. According 
to the.Hc paU-nts, 1:4: xylonol and p- 

iiniinojilifriot gi\o a gtiod yield of this dyestuff if 
subjected to joint oxydation in equimolecular 
proportions. 

All thi'se acid hidophenols have assumed a 
new mten'ht and are being largely investigated, 
HiiK'o it has boon shown that they are valuable 
raw matenals for the manufacturo of tho sulphur 
dyes wliii'h liavc come so much to tho front in 
those later vearn. U. N. W. 

INDANE r. iNiiKNK. 

INDANTHRENE. W'itiiin roeont years, con- 
flidcrnble advances imv’c been made in the dis¬ 
covery and comuiereiul production of certain 
CfinipouridH belonging to the ebiss of the vat 
dycH. By tho term ‘ vat dye ’ is undorsU^ an 
insolublo pigment which, when reduced by an 
alkaline i-eiiuciiig agent, i>aasc8 into a hydrO' 
derivative rolublo m the alkaline reducing 
Holutinii. 'I’he hyilfo-dcrivativo is absorbed by 
fabrics steeped in tliis solution and is then re¬ 
converted into the jiigment when tho matoiial 
is exposcrl to the oxidising action of the air. 
Indigii, the most imjiortant of all colouring 
a typical vat dye, and it is apparent 
that the procusa entailed by the use of tfaeee 
colours not only produces tho shades fastest to 
light and w-ashing, but is also one of the simplest 
with which the dyer has to deal. 

For many years research on tho formation 
^f new vat dyes was confined to the- in dl gn 
group, but in tbe year 1001 it was demonstrated 
by K. Bobn that certain derivatives of onthra' 
quiuoiio could lx: applied for this purpose. The 
vat dyes of this series possess, however, opf' 
important property which distingtiishos them 
from all other members of the class, that is, the 
vut formed by the alkaline reduction of the 
pigment is always strongly coloured. The 
faydro-dorivativos are, therefore, themselves 
coloured subsianues, whereas tho hy^o-deritfa- 
tives from other vat dyes, for oxom^e indigo- 
white, are colourless or at most faintly yellow, 

Tho vat dyes of the indanthiene series may 
be convoniently divided into fiye groups i— 

(\f Tndanthrene. 

(2k Flavanthrene. 

(3) B^Aanthrone colours. 

(4) Anthraquinoneimide colours, 

(5) Acyl derivative of 
indnsumne: Prepamticn (B« 

1>. R. R 129845; Zusatse, 129846, 1M47. 
12084S, 135407, 135408, 138167, l55«5,21(ttML 
and 21689L; ^hoU and Berblloger, Bw. MS, 
36, 3427). 



INDANTHRKNE. 


Tho coiouriug matter ia prepared by fusing 
^-aniinoantbroqainono ^\ ilh caustic potash at j 
200‘^-300° and is found in the melt as tno soluble ' 
potassium salt of the blue hydro-derivative of i 
indauthrcno which, when dissolved in water with ' 
free accosH of air, is converted into the insoluble 
blue colouring matter. At a lower temijcraturo 
{15()"--21K>’") uliaariu is formed at the same time 
as indanthrenc, but at tho higher temi)eraturo 
this is transformed into a brown substance 
soluble in alkali; the separation of the blue 
colouring matter ia, therefore, simple owing to 
Its insolubility in the alkaline liquid. Whether 
pn)dueed at tne higher or lower temjwaturc, the 
indanthrune is not u homogeneous substanee but 
coiiNisis of two compounds, indanthrenc a and 
indanthrenc e, tho latter being worthlews as a 
colouring matter. It ia j)osailiTe so to regulate 
the conmtiona as to cause indaiithicne a to be 
the chief product; thus, when the fusion is 
earriod out in the presence of potasHium nitrate 
tho product consisU almost c'utircly of imian- 
tlu'cuc A, and indanthrenc n ia only formed 
in small amount. Jly fusing /j-aminoanthni- 
({uinunu with caustic potash at a sltll higluT 
temperature, that is at the product 

IS a yellow vat dye, tiavanthrene (v. tnjra). 

eiX) grams of caustic potash together with a 
little wat(T aro placed in a nickel basin which 
is heated by moans of an untlinieene bath. The 
melt is then heated to and mixed with 


BOparatM oa characteristic curved needles le* 
sembUng pure indigo in appetfranoe; the solu¬ 
tions are without Buoresoence. When heated 
it partly sublimes in the form cd its oharao- 
teristic needles and then decomposes with char¬ 
ring between 470° and 500°. 

Cemstitution of indanlkrene (Scholl, Ber, 
1003, 3C, 3410). Indanthrene as shown by its 
elementary analysis and molecular weight 
determination by the ehullioscopic method in 
quinoline has the molecular form 
and IS IhiTcforo formed by the condensation of 
two molecules of /^-aminoanthraquinonc witli 
luss of 4 of hydrogen. 

2t\JlyO,N-4K 

Tiiat liiesc 4 hydrogen atoms are not re¬ 
moved from liie uimno-groups alone—in other 
word.s, that an azo comjiound is not formed—is 
shown by the fact that indanthrenc when re¬ 
duced do(^H not yield jS-aminoanthroquinone or 
a I'lKiuction juxidiiut ot this base. Moreover, as 
imlantitrcnc no longer contains a free amino- 
groiijt, it is probable lliat two of thcst‘ hydrogen 
atoms arc supplied by the two amino-groups 
and that the other two belong to tho rings 
bearing the amino-groups in tlie two molecules 
of ^•uminoanthraquinono taking part in the 
■ n-action. J'rom thafacl that 1 : 2-dihydroxyan- 
’ thraquinone (alizarin) is always a product of tho 
fusion in its oarliGr stages, it is rcaaouable to 


20 grama of potassium nitrate; l(Hi grams of ^ assume that tho hydrogen atoms romovod from 
^•aminoanthruquincinc are now gradually added the two rings arc those in the ortho-position to 
with ouiiatunt stirring. The tem]>en'ature is : tlie tMo amino-groups. This loads to two 
niisod to 250° and maintained at this jKiint ' formulie for indanthrene, namel 7 ~ 
for half an hour when tho melt is poured into 

water, tho suhition boiled, and the precipitated ^ 

colour filtered and washed. Thu small quantity '' ' 

of indanthreiio b present in the product is 1 I ' ' 

separated by taking advantage of the greater \/'\ '''\/\NH 

solubility of its hydro-derivative in dilute alkali. 00 | j 

100 grams of the orudo indanthrene in fiie form i p-Auiiuoanthraquluone reslduo. 

uf paste are diluted with lU litres of water and j 
wormed to ; 200 grams of a 25 p.e, i 


caustio soda solution and 1500 grams of sodium | 
hydrosulphite solution (ap.gr. 1*074) are then 
added tho temperature of tho mixture.; 
moiotaiued at 60°-70° fur 1 hour. By this ! 
time the colour will have coinulotely dissolved, ; 
and tho solution, when cooled, 'will slowly | 
deposit tho sodium salt of tbe hydro-derivative : 
of indanthrene a os well-defined gbsteuiog ; 
needlee with marked cupper reflex. The salt is : 
ooUeoted by filtration, washed with a little 
dilute oaustio soda solution to which a small 


'x/\/ 

CO : 
NH. 

\ 




quantity of hydrosulphite solution has been 
Mded, and is then oonvertec^ into pure indan- 
threne a by dissolving in hot water ond allowing 
free aocess of air. The brown-red mother liquor 
oootoins the mrire soluble salt of the hydro- 
derivative of mdontbrene b from which the 
odlour separates os bluish-green docks when air 
is M into the solution. 

^^Indanthrene prepared in this manner is a 
\tttk blue powder with strung metallic reflex, 
and is prootioally insoluble in all tho usual 
ffdvente. It dinolvea with groat difficulty in 
boiling and in nitrobenzene, in the latter 

oon to ti^oztent of one part in 5000, forming 
a giuenlab^ue Bolution. It dissolves to the 
extant oi 1 port in 500 in boilmg ^ain<diDe, 


I Since indanthrene is nut reduced to a 
I diamine, which would be the case if it poaoeaaed 
: an ortho-diazine formula represented By (I), it 
j follows that it must be a dihydropaiadiasine 
represented by formula (2), or in other words, 

1 that it is A'-dihydro-1 : 2 : 2': r-anthraqainone- 
i^ozine. This view of the structure of Indwthrene 
’ 1 ' completely upheld by its chemic^ behavkmr. 
It has been suggested by Nietzki (Chemie dv 
Organ. Farbstoffe, 5 Aufl. S. 121, 1906) that tho 
formation of indanthrene is due to the inters 
mediate production cd l-hydroxy-2-animoaDtaA- 
j hyii.'oqumone, two molecules m which coraUae 
i to foro^, tetrahydroindonthrMie. This hoi, 
' however, been disproved by SoboU, BorltdiimMr, 
. and Mansfield (Bar. 1907,40,820), who flud 
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nor l-hydrafty'S^ani^oantlimqaiDone yields In^ 
dnn^feno wbm fiftod with pofcuh. 

Proj^its of *yu2aiiMtr^,>—When indan* 
thrane in dilate alkaline solation is heat^ at 
^^-00^ with sodium hydruaulphite, it paaseti 
into a blue hydro-derivatiTe, dihydroindan* 
threne. This substance possesses the {)mpcrty 
of dyeing unmordanted cotton blue, and when 
the fibre so dyed is exposed to the oxidising 
aotHon of the air the liydro-derivativo is 
reconverted into indanthreno. When indaii- 
tbrene is reduced by xino dunt, a l)rown hydrt)- 
derivativ© is formed ; this hydro-derivative is 
also converted into indanthreno on etposuro to 
the air. Scholl, Steinkopf, and Kalmcztnk (Her. 
1907, 40, 390) have shown that the blue sub¬ 
stance is iV-dihydro-l : 2 : 2": r-anthraquinone- 
anthrahydroquinoneazihe (I), and that the browoi 
solution contains iV-dibyilro-l : 2 : 2' : T-anthra- 
hydroquinoneazino (2). 

CO OH 

/\ 


O'Yl 

Vx/ X/ X^^H 

CO . 


I 


Nil 


NH, 


/ /X/ 

OH I 

Oil Oil 

n" ry '0 

\/\/\/ \/</ 

OH OH 

(1) ta) 

Blue hydro-derivative. Brown hydro-derivative. 

The compound commercially known as 
indanthreno S Is tlio disodium salt of formula 2, 
and this is the substance which i.s always formed 
in the indanthreno vat. 

When indanthreno is oxidised by nitric acid 
(sp.gT. 1*34), it is converted into the yellow 
1:2:2': r-anthraqulnoneazino (Scholl and Her- 
blinger, Ber. 1903, 30, 3427 ; cp. Scholl, Bcr- 
blinger, and Mansfield, ihhL 1007, 4(i, 321). 

CO 


'v./\/ 'Xi,^ 

CO i 

vtI' i CO 
• \/ \/ \/ 

Ux.' 

CO 

This sabstonce is reconverted into indan- 
threne cm reduction, a reaction w’hich may be 
effected by means of direct sunlight. 

Indanthrene is one of the most stable sub- 
stoDoea Imown; sodium hypochlorite, which 
destroys most colouring matters such as the 
^Kari na, indlgos, &c., merely converts indan- 
threne into the above yellow oztne, which can htd 
niidtlT reconverted into indanthrene by meaiS 
of sottitm hydrosulphite. 

When hok^n atoms enter the molecule'of 
w shade becomes greener. In- 
dsflilhisiho bine GC (D. R> P< 138167) is a bi^m- 
BsiaatihxiBS; indamhieiie blue OCX) sad CE 
M.<dtao.d(iiintiTw(l>.ELP. ISUlSf Mono, 
nlitortiwtontlirnnn io petmnd by tbe action d 
IqntaMUerio acid on 


ontiinquinonouino whonby ohkrinntion ttid 
reduotion take jdaoe liniuKiiinoaiiy— 

N [Pht NH I Pht 

I’ht I N Pht I NH 

Pht^Phthal.iyl 

The reaction is analogous to the formation 
of chlorhydnMjuinonc from quinone and hydro- 
I'liioric acid. Owing to the alkali required in 
the pri'paralion of the indanthnine vat, this 
substance cannot be used for the dyeing of wool. 
The sulphonie acid (j). R. 1*. 216891) con be 
employed, however, for this purpo^. The blue 
])roducoil on c()tton by the aid of indanthrene is 
one of llie fastest known, (For the meth(^ of 
dvcing cp. J). Jl. j'. 139834; for printing, ci*. 
I>. R. Vl\ 132402, UO.>73.) 

Fl&vanthrene (indanthrene yelhnv, chloroa* 
tlircne yellow). A« already mention^, flavan- 
threne was diacovert^d by R. Bohn (I). R, P. 
138119), in the products formed hy the fusion 
of jS-uminoanthraquinono with potaah. At the 
pri'sent lime it is ])rej)urod by treating /S-amlno- 
anthraquiuoiK* with antimony pontochloride in 
boiling nitrobt'nxene. (I . art. Flavantubbkb.) 

When reduced by alkaline liydrosulphlte, 
flavanthreno yields a violet-blue vut in wfairh 
cotton is dyed a (Uwin blue*; when exposed to 
the oxidising aotion of the air the colour changes, 
in the course of a few minutes, to the light yoUow 
of flavanthreno. 

Preparation .—Ten grams of /3-aminoantbra- 
qiiinutio are gradually added to a solution of 
35 grams anhydrous antimony pontocbloiido in 
100 grams nitrol)erizcne, heated at 00'*-^°, 
The mixture is then heat^ t<i the boiting-pomt 
and maintained at this temperature for one nour, 
the containing flask being without a condenser. 
The yellow-brown solution deposits, on cooling, 
chemically puroflavanthrene os brownish-yellow 
needles. 

The constitution of flavanthrene has been 
determined by Scholl (Bcr. 1907, 40, Ifidlb 
The molecular fonnula is 0,aH^O|Ns,''aad (t 
must therefore be formed from p-aminoonthrv 
quinone in accordance with the equation 

2Ci 4H,0,N C„Hi,0,N,+2H+2H,0 

The two molecules of water formed in the 
reaction at once surest the interaction cj the 
hydrogen atoms ot the amino-groups with 
the carbonyl oxygens, an assumption whi^ 
leads to the following formula :~ 

CO 

2^ ./V 


\/ 

CO 


0 ™. 

• • oco;„ 

if- 

OQ 0 


-i-ta,® 
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The ring then clone* thus t 
CO 



\/ ^ / \/ 

CO 

Th<- hydiogcii tlius foniu-d in not ohinirinfrd 
in tlu' free ('imd{ti"n. hut ri'ducc'S tlio <'nl(iur td 
the di[iydi’<>-ha(U‘, the Htatc in wliicdi it uImjivh 
MC'(' urfl in the melt. 

'I'hiH \'i<'\v j.f the < (in.stit\iti<in of tlrtViinlhirnc 
iiaK fx'on (•(adirniod hy SolioU In’ tin* acluul 
svntIu'MiH <d thi'* siihstancc ui tin* fnllctwing way : 
2-Tn(‘tliyl-! •aniinoanthrofjiiinonc (!) is con 
viTtcd into 1!. 2'-(liiTiethyl- ! r-diantliriKpiinonyl 
(2) I'ttluT hy heating the eorrenj)onding loduh' 
with eojiper ])o\\def or hy tin* action of eojipcr 
})<iwd(‘r and acetic- aidiydrulc on the dia/.onium 
Hulphate : 


CO CO 



'I'liiH Hiihstancc* is then oxidincd to the di- 
carboxylie »<’icl winch is conveitecl, through tlie 
acid chloride, into the acid Hinldc (If) An 
attempt to )n(‘]«ire the amiiuj-coinpoiaul fuim 
thiH by the action of hroininc and iiotiish led to 
the formation of flivvimthmic . 



PyrAnthrene (indanlhnuie golden orange) 
(D. U. P. 17r>Ofl7; Her. J!)I0, 4\ 340; 1011, 44, 
1448 ; H. Scholl). This substance is a valuable 
orange vat dye which is formed by the ehniination 
of two molecules of water from 2:2'*dimethyl- 
1 : I'-dianthraquinonyl (formula (2) above). It 
differs from fiavanthrene in having two methin 
gr^iijM in jdace of the azino iiitrfigen atoms; 

CO , CO 


The condensation proceeds readily in the 
presence of a dehydrating ogent such as zinc 
chloride or by merely heating alone at 3i)0°-380“, 
Pyranthrene forms a magenta red vat with 
alkaline hydrosulphite in w'hich cotton is dyed 
a dfM'ji red ; on exposure to the air this oxidises 
to a fast orange. 

The entrant'c (jf halogen atoms into the mole¬ 
cule of pyranthrene reddens the shade and of 
the.'^e denvntivcK dihromoj)yranthrerie (D. K. P, 
2l8li)2) iH the mr)st red. 

The benzanthrone colours, ’i'lie vat colours 
of this were diseovcnxj by O. Hally (Her. 
liK),\ 38s, I t ; 1). It. P. 17(1018), who found that 
w hen (he Skrauji (juinolme syptliesis was applied 
to 2-aniin<<aMthraqijinone, two glycerol residues 
entered into Die iiioleeiile, forming bcnzanlhron- 
(]iiin<i!inc ()) ; 



C) " (2) 


When this I’caetion was ajiplicd to anthra- 
quinoiie, heiizaiithroiie (2) was iormed. 

Hlui‘ vat (lye.>j are formed fiom IhcHe sub- 
stanecs on fusion with jiotash, tw<i molecules 
condensing with loss of foiii' atoms oi liydrogeii. 
Tf) this group iielong iridanthrenc dark blue 
(1>. it. I’ l8;)22l), which IS a mixture <tf jndan- 
tlii’cne blue H(> and iiHlautlirene \iolel JCl’ 
Chem. Zeil HUT, 4l, 713), us well as its 
isomendc and ( lilorine siilihtiliition jiroduet, in- 
danthreiu’ mo!<'( (1). H. PP. 177074, 1114202, 
217070); iiidanthrene gneii (I). K. P. 1H0222) 
is an aminu-deriviiti\e of indantlirenc dark 
blue: if the laHtiuinu'd ctiloiir is strongly 
eidoriiiateii a deeji. very fust Idaek is fornu'd. 
Cyauanthrene and \ lolaiithreue (Annalen, 1913, 
398, 82) also belong to this group. 

Colours derived from anthraquinonelmide. 
These colours consist of seveial anthraquiiume 
residues joined together in much tlie same 
maimer as in ti.ivuutlin'ne. 'Phey arc, for the 
iiK'st ]»art. Inauthraquinouediimidee and their 
-suhstitutmn j)rodufts which are formed by the 
(<)tiden.satiou of aniinoanthraqumonoa and halo- 
genanthraquinones. iiidanthrene Hordeaux 
(1>. P. Pi’. l84tK).) and 200177) and indan- 
threne red (D. R. P. 11)7004) belong to this 
group. 

Acyl derivatives of amiDoanthrsqulnooe. 

Colours of this gmup are derived from anthra- 
quinonepyridone; 

CO 

cn/ '.NH 




by the replacement of the hydit^n atom in the 
pare-poaition to the imino-group by arylamioo 
reaiduee. Thus algoi red is fonnea when 
1 - bromanthraquinone (1) ia ooaverted into 
raothyl-l-ammoanthraquinoiie (3) by mwm of 
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mothylamlne. This in acetylatcd and con- 
dens^ to A^-mctD^ylanthraquinonep}'ndine (3)» 
whioh is then brominat^d, yielding 4-brom-A'- 
mothylanthraquinunepyridine (4), and this, on 
condensation with 2-aminoanthriuiuinon<\ yields 
algol red (’>); 


r 


CO 

\/\ 


CO 

(i) 


Br 

n 

\/ 


CO NHClIa 

■ 


AV-eiliylcarbazolo with phtbalio anhydride (Eng. 
Pat. 2887411) has the formtila; 

CO CO 

\/\/\/\ 


CO 
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■N(C,H,) CO 


CO 
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CO Br 


(4) 
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MI 


hy the replacriTH'nt of the hydrogen afoms 
eitluT in the five jiiettih<‘red ring or in the 
j aroti’.atic jiiieh iiM. 'I’liey therefore* yield two 
iduHseH of deriviifn’i’H : (I) ’I’howe of aromatiu 
; <dmrneler uhu h are fornu-d wlieti tlie hydrogen 
I atojiH of (he l>eii/.eMe ling are KuhwtituU'd. 
i (2) 'Diiise of alipliutie eharaetiT uhieh are pro- 
dueed by the re|il)ieenii*nt of (he hydrogen 
iitoiiis it(taeli(>d to (lie five-iiiuuihereU ring. 

('on/*titiitin>i.--Th(‘ eoiiHtitiition of indene 
followH fi’iUii itH I'onvi'i'Nion into h(>in<i[)hthaUo 
acid by n.vidntioji witli jierrimnganut^’; 


(O 
(T)) 



AO 

, ,--CH,'C001I 

CH 


1 j-COOH 



' CH, 

1 CH 


1 ! CH, 

CH. 
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Other inomberfi of thia elass are algnl yellow, | 
algol rose, nlgo) Hcnrlet, algol green, algol blue, I 
and algol bi-own. They till yit'ld eolourerl vnt» ' 
witli sodium hydrosulphiU* in svluidi eotton is 
dyod iho eo(our of the diliyrlro-diTivativc j on and (lieltniotiirti of hydiindeno is sliown by the 
eki><>3urc to the air tlie (.-ohuir on the fibre is [irfaiuclioti of this subsUiwe from indene by 
quickly oxidist'd to the uigol dye. rctluction with wriiliuta and uhohol. 


CJl, 


The following indanthreno colours are formed 


Occurrence and preparation of indene and 


from untbraquuiont! derivatives by the aid of i indene derWativea. fndciu* wan itwriaUxl from 
various reactions, but have not as yet had a l^-oul-tiir by Kramt'r and Npilker (Bo'-. 1^90, 23* 
definite ronstitution assigned to them. Jndan- 327b), who obtained il from the higher lioilmg 
throne inarotm (IX K. P. J(i<U84) and indijnthn iie | fractifin of the light oil in which it occurs to the 
grev(D. It.P. loTt’iH.')) are derived from diannno- i e.Ttenl of abfiut 3(1 p.e. It is formed, accora- 
anthraquinoncB. Jiidanthrene orange and in- panied by hydrindenc, in the dry distillation of 


danthrene copper (J>. Jt. J’. Ib8<)48} are jireparcd 
from the acetyl derivatives of aminnuritlira- 
quinono by moans of phosphorus oxychloride. 
Cibanon yellow, cibanon orange, and cibanon 
brown, are derived frmn mcthylauthrafpiinone 
and its derivatives. 

Indanthrene yellow GX and indanthrene 
gold oranw GN fl\S. Pats, 1044673, 1044074, 
1044675) have the formula*: 

Cl 

/' 

r/’" / 

CO u* 

I I I I . 

x/x/x/ • 

CO • 



and 


Ew^tirdy. 

Hydron veDow G, |H«pdhd by oondenaing 


paraindeiu- ((\ll„).i-, a white substance which is 
formed when benzene containing Lndeno is 
treateii with concenlratr*d sulphuric acid (Ber. 
PKX), 33, 2201). Jt has, moreover, been pre- 
jiared synthetknlly by Perkin and Revay 
(Chera. »S<)c. Trans. 1894, O.'j, 228; cp. Klppini; 
and Ball, ihu’. 19(K). 77, 469), by the distillation 
of barium hydnndcnecarboxylate, a sobstanoe 
which can l>c prepared from o-xylylene dibromide 
by the following series of reactions. 

gr' 0,H,.,''),j.|;“;+Na,C'(COOR). 

* C,H.<^hJ>C(COOH), 

C,H.<^'>CH'eOOH 

ljy()rlndeias*2*earboxyttc odd. 
CH • 

-> c,h,<^Vh+h,+co, 

'CH. 



INDENK. 


R«KJ 


Owing to the with whirli the five- in which the stahility of the rj|ng is wcakonod by 

tnembered ring is nsually fnrmcd, derivatives nf , the i)rescnc(‘ of strongly negative groups has 
’■* ^ been investignted by Zincke and his pupils (Ber. 

18HG, 19,2r)00; 1887,20,1265,2894,3216; 1888, 
21,491,2381,2379; 1894,27,744; Annalen, 
1892, 2(>7, 310; 1894, 28,3, 341; 1898, 300, 
197). Thi,s ivj)e of reaction may be illustrated 
by the transforraatinii of diehloro-^-naphtha- 
quinonc into diehlorohydroxyindene carboxylic 
acid f*v the action of caustic alkali, 

OH OH 

,, ^('- COOH 
. VO / Y 


indono and of hydrindene are readily produced 
froni the eorrcHjiondiiig henzono derivatives, 
liivving a side eliain (attaining the requisite 
riuniber of caibon utiuus. 'I’lio }>enzene doriva- 
tives which lend tluunseJvi^H to thia change may 
ihcicforc be divided mlo two elaases: (I) those 
liaving one side eliain of tliri'e carlxm aloins ; 
(2) ffumr having tuo side* ciiairiH, attaelied in 
the ortho.position to the benzene niich'iis, oiu' 
of tlicHc side cliams being cotnposi'd of oiii 
carbon atom, the other of tuo carbon atoms. 

'I'hc derivatives of hyitrocinnamie acid fall 
AMlhiii tlic liist cl.'iHM and a large iiundKT of 
indene comiioundH liave been prepared from tins 
Kubstunec' luul its diTivativi^s (/•. Millei' and 
Hohde, Her. 1902, 3o, 1702). 

Tile general character of tins reactnni niay 
be expre.ssed by ilio Hchenie 


H X 


—> 


11 .\ 


(X 

Ah an lilustration of the formation of !i\dim- 
dene dcnsalivew by the nutliod indicated under 
class (2), tlie formation of 1 ; Ibdiketohyilrindene 
can lie given. The etli>l sail, of tfie earlioxylie 
lU'id of tins substaiiec' is formed ulien et}l_^l 
phthalate is coiidmised uiih ethyl acetate m the 
prcHenco of sodium oi sodium ethoxidc 
WislieemiH, Her. 1887, 20, 593) 


' cd adiOHCi 

, HviKitlieticnl 

t t I infcriiicdiatc product. 

-> ] i c-ci 

CC’l 

bcnvalivcs of hydnndcne can also l>e formed 
fioin ortiio-lK’ii/.enoid dmilriles. 'I'liUH o-jilicny- 
lene<li.i(‘c|onitrile juissc.s iiitt* ^-imino-n-eyano- 
hyilundene ulien its solution in alcohol, eonlain- 
iiig a 1raee of sodium ethoxide, isw'nrmed (Moore 
and Tlinijie. ('hem Soe. Trans. HX)8, 93,-Kiri). 

CH,. 


t'll„3'N 


■('IL'C'N 


I I (':NH 


>-('() 0 t’,.il, 
■('(HX'jHf, 


[• ('Ii/(‘0()CalL 


CO 


CH'COOCoM-, 


2('Jld)H 


CO 


‘'.H, . 


A euvtous molecular reairangenient. leading 
to the formation of hydrindene derivutive.s, has 
been diseoveivd by (labrie) and Neumann (Her. 
1893, 26, 951). The eomlensalion of {dilhalic 
anhydride ami sodium neelale in tlie pn'seiu'f 
of aeelic anhydride i«'ads to the formatii>n of 
phlhalylaeetic acid : 

i CH/C(M)il 

C-.CHCOOM 
CO 

and this substance, when treated >Yith sodium 
mothoxidc, pftWMW into a derivative of 1: 3 dtkcto- 
hydrindenc. The reaction tiay lie explained 
as follows 1 — 

CiCHl'OOH 
P H '^0 

,1 .C(OH) :C11-COOH ' 
^ jil*<.(^0ONa 

^CO-C‘ri,-COOH 

■ -»CJ1.<PQ>CH-C00>fa - H,() 

It can be applied to the preparation of numerouB 
dorivativM of 1 : 3-diketohydrindeue. 

The formation of indene derivatives from 
compounds containing tV; naphthalene nucleus 


CJT'CN 

Preparation of indene from coal-tar. 'Phn 
fraction boiling at 17l)''-l82'’ obtained from 
crudi' benzene ih first titrated with bronuuo and 
tin* amount of uiisalurati'd inatorial present 
determined. A siifticumt quantity of picric acid 
ifl then added to the hot liquid and the crystal¬ 
line material whirli sefiarates is isolated by 
filtration. The impure pierate is then distilled 
with steam, under winch eondilioiis the naphtha¬ 
lene pii rate contained in it is only slowly decom¬ 
posed, whereas the indono picrato is readily trans¬ 
formed into indene winch passes over with the 
steam. The crude hydrocarbon is then again con- 
v(‘rt(Ml min the |)icrale and the operation repeated 
until jiure indene is obtained. Indene picrate 
forms golden yellow needles which melt at 98'^. 

Indeno is a clear mobile liquid boiling at 
IT9-.V-18(IT) (corr.). 

It is obtained jmre only with great difficulty, 
a.H it rapidly absorbs oxygen from the air and 
when kept in a sealed vessel polymerises to a 
nvsin. I'lie most convenient synthetic methbd 
for the preparation of indene is from a-hydrin- 
done, tlie oxime of which passes on reduction 
into l-aniiuohydrindenc, and when the.hydro¬ 
chloride of this base is distilled, ammonium 
chloride and indene are formed, thus— 
s CH, CH, 

/\f,„ HjNOH oH.cfNcH, 

C:NOH 
Oxime. 

CH, CH, 

iri + HCl 


CO 

a-Hydrindone. 


C.H.<^))CH,-»C,H./^+NH.Cl 
CHNHjHa CH 


1 * AmliuArdrlodene 
hyd^liloride. 


lodeoe. 




^ * INDENE. 

Ratfetioss of Indaiw. Indeno readily com* 
bioes wiUi bromin^ fonnisg 1:2-dibromuDy(iriu- 
CH, 

deaie C,H 4 <^^^HBr and when oxidised passes 
CHBr 

first into hydrindene glycol and then into homo- 
phthalio acid 

|,.r OIlOll 

^ CeH4<J'“ >CH (\H4 

Olla 

t'HJ'OOll 
''('OOH. 

The hydrogen at<jins of tlie niothjli-ni’ gr-'Uj) 
present in mdene are rcjutiNo ; tlius, when tht' 
hydrocarbon is condeuwd with hen/.aldcli} d(\ 
bonzylidono indenc is formed : 

.-CH 




fi07 

olUoride on the chloride of hydrooinnamlo add 
in aoootdanoe with the following equation 
CH, CR, 

/X'^\ X'-X 

! ijr CH. -» I 1 CH. +1101 

\/ i xy\-' 

0001 CO 

it forms rbondiie plates from dilute alcohoh 
melts at 40" and buds at 2-4:1 'J'ho oxime 

meltjH it l-lfO and the phenyl hydrazoiio at 
IdU'-'lIir'. 'I’ho metliylene group luljaccnt to 
file earhoTi)! grou]i m u hydnndouc is reactive 
and derivativcH of tlie ketone can 1>« formo<l by 
the usual reagmits. 'J’hus amyl nitrilo gives tho 
uMme of I ; 2-dikefohydrindono 


OJl 


f'O . 


■A' : NOH, 


CeH4< 


CH 


^^^^c:ii (- uJloCefi, 


Oil 


Oil 

: HO'0,1 


and the motion 
fuiIllation of (he 


*'(H, 

>f bcn/ahlehydo loads to tho 
K’lizs lidene Jerivativo 


- 00 
'OIL 


yOiOllG.lL 


la fact, this grou[iing belia\es in nui< it the 
same manlier uh the eoiresjiouding coinjilex tn 
ethyl mulonalo an<l analogous eotiipounds , 
thus, when indeno is IroaUai with moth) I iixlidi’ 
and powdered alkali, niethyhndcno is foriiicd 
(Marckwald, Her. JiKMi, 33, riHl-i) : 


,d '(>. 'rbis ketone 


ru 


. Oil 


Ko)( 


-O 4 II 4 ' 


H^O 


OH3I -i 
Oil 

t'lL, Ivl 

oir-oiia 

Hydrindene (fiidam;) 04 lfj-,;[,{j" ,.-011,^ 

This hydrocarbon can Ih' pnmureil by ilissuiving 
I part of indene in lU parts of IK) p.c. alcohol and 
adding metallic sodium m small pioportions unld 
tho product is no ioiigiT eonvortod into a rcsiri 
by ooncentrated sulpliuric acid, it is a mobile 
oU boiling at 17b'-17b'5'' (ciuT,). 

The ketones derived from hydrindene. i'iic 
ketones derived from this snbstanco may be 
classified as follows: (1) 'J'ii<‘ monuketoii<‘s 
(hydrindones), which cotupiise. 

OIL 
'CH, 

a-Hiilriiidoiir., drindouc. 

(2) The dl^ketones (ui-ketohydi-mdcnes), 
which are 

i 2*J»ikott»fjydrindiiic.i 


Hi 


0«Hi 


■ li Hytlnncloner„ll,.^J!{j* 

H besl piepari'd from/■Limino-fi-oyunoliydrindcuc 
fiy diHt tiling with dilutu sulphuric acid (Moure 
.uni 'riim jK', Ohem. .Sue. Trans. 1DU8,113 ; ff. also 
Ohein. Sue. I'roo. 0111,27, 12S). 

Oll.j 

0:Nil 0,ll4.'Xi!^^>CO 

Oll-OiN ^ 

It I an .ilsi> )>u prepared froiii tho imlunu of coal* 
liir (Henslei and SeliK'ITer, Her. 181411, 32, 28). 
'Die method must l unvemenL for this purtK^se is 
tu-eorivert indene inUi the cldnrohj/lnn by tho 
iiietliod of Kramer and Spilker (Her. iHOOi 23, 
;12HM) and then tn transform tills into tho 
iiK'thoxy derivulive a Inch, uitii dilute Kulphuriu 
aeid. yi'-lils ^-liydrwidum! : 

^’lU'l CHOCH,, 

L'elX .M.'JiOll -> (',11, >('11011 

(11^ (’H* 

OR,. 

'CHI'- 

ilt can also be funned by distilling the calcium 
salt of o-plienyleiM'diueetic acid (BencUikt,'' 
Annalen, 27.'*. 3.'>3 ; Schad, Her. 1893, 

20 , 222 ) : 




>co 


<XH. 


,(‘H, 

'(‘IL 


•COO 
•('00 ' 


1 :d-Dlketohydriaden(;. 

(3) The tri-ketone is 

c.u,<;;:y>c(> 

l: 2 :3-TrikctohydrtQdene. 

a-Hydlindone Tliia si^- 

stance is best prepared by the action of alum mi um 

^ This lubstaDcu hns b?en prep.arcd bv Perkin. 
Boberts and Robinson (Chem. .Soc. rranx. ivi2, 101, 
232) from Uonitroeo-a-hydrindone (KippiQn, i(>af.R894, 
65,44^. ItcrystalliMs/rombenzeneasgoidea-yellow 
plates, m.p. 0&'’-ll5'^. and ^ves a H«tnicartfksooe(iD.p. 
280''-233^ with decomposition), an osazoDcfni.p. 230L 
285*), and*an Jndeooqoi&oxalloe (m.p. 


CH, 

-<‘,1 -> C.H/ '>CO-| CttCO, 

c;h, 

^-Hyiliindone ervslal)j.ses from dilul4; alcohol 
as lung needles, melts at 01’ and boils with 
partial deeomjHisition at 220'’-225''. The oximo 
melts at 1 .>.'>•', tfte phenylhydrazono nt MIO'' and 
tho Beini-carbazone at 2J0’ . 

1 : 3 Diketohydrindene is 

prub h}y the best known dsrivativo of indeno 
and i.s formed by the nieth(rd of W. Wisiisenus 
alrcifily ik-seril>e(J. It may be isolated (Kauf- 
, mann,' Her. IK117, 3(P. 3H;7) by dissolvi^ 
sodium compound of ethyl (^kotohvdiimleite- 
enrboxylate, prepared from ethyl phtm^8te oad 
ethyl acetate, in as little boiling water as poMiblCy 
cooling to 70 -7^ and adding dilute ii^ph 1 uio 
acid. A vigorous evolution of cs^bon dioxide 
then ensues and the diketone separatos iu the 



('« 


cryatalUnc form. 1 : .’M)iketobydrindeno molts 
and decomptjfles at 129'’-i31”. 

As is to be oxpeotcd. the methylene group 
l)otween tlif tvso iurl>onyl comj)loxc8 of 1 ; 3-di- 
ketohydrifxlene is »‘X<^oedingly reactive and this 
Mubstaiioo hIjowh all the rcHetions of the ^-diko- 
lones. V\’ljeii oxidised liy hydrogen peroxide 
or jiotasHium jiersiiljdmle. it is eoiiverled into 
tliii oxygen analogue of mdigo, having the 
formula 

-CO 

'J’his Hiibstance crystallises from anilme ns 
glistening red ncedleH. 

I : 2 ; a-Trlketohydrindene C„ll^.; 

A Hubstuiue of (hi.s formula muh j>re|,are(] m 
Hinall qiuuitfly I>y Kaufmaiin (Iter. IS'IT, 30 . 
U87) by tile oxidation of 1 : ^-diketoliydnndene 
with hydrogen jMn'oxule. 'I’lu' eoinjnnind jire- 
pared in tliis >vay eryHlalli.sed trom gineiul aeelic 
acid UN blown leaflets whmb inelleil and decom¬ 
posed at 100'-20(l‘'. Jt is probalde lliat the 
Biibstauec obtaiiu'd by Ivaiifinann jiossesse.s 
another structure, ami that the true ttikele- 
liydnndene is tlm eitm|iouiul prepan'd bv 
Kuheniann, in tlie form ol a liytlrale, by tb'e 
action ol dilute Huljihuiic aeid on the eompouiul 
formed l»y the eondenNati<m of a-liydnndone 
with p-nitroNodimethylamline 
CO 

C-N-C„U4-N(CM,,)a 

This real lion ( an also be ajijiln'd to 1 ; :{diketo- 
hvdrindeno and to ^divdiindone (Cliem. Soe 
Trans. lOlU, 97, 14:18, 2025 ; lOll, iM), 792) 

Triketoliydrindene li,v drat e forms pi isms 
from water which redden ut 125', give oil gas at 
ISO*" and melt with deconijiosition at 2.30'• 240 . 
'flic hydrate colours the skin ml and* reduces 
IVhling s solution, 'fin* <iijdK'nylliydrazone 
inelta at 207‘~2(kS\ and the disemlcarbar.one 
darkens at 17.V' and melts with (nolutioii of 
gits at 108'. 

'rriketobydrimlene hy<liate may be u.st'd as 
reagent'for proteins and theii bydrolvtic juo- 
ducts (rp. Chem. 8oe. Trans. 1911* W, 798). 

•j. y. T. 

INDIAN FIRE is a light used in pvrottn'hnieal 
digplaya and for jiurpows (.f sigimUing. It is 
usually com)i 08 ed t)f 7 parts id sulphur, 2 «d real¬ 
gar, and 24 of nitre. 

INDIAN GUM, or CHATTI GUM. is a gummy 
exudation from the stem of A wojcimwx lahfolia 
(Watt), occurring in vermifoni^ or rounded tears, 
oolourlww ^Mtlo yellow-, and of a vitreous liiRtr<‘; 
8olubl«‘ m water forming a viscous adhesive 
mucilage; e. Grw.s. 

INDIAN HEMP RESIN r. Resins. 

INDIAN INK or CHINESE INK. This 
substance, used for writing or drawing,^ con- 
aista of lamji.black held together w^th aliimal 
6r fish glue and dried in the form of eakca. 
or atieke of paint. According to Chinese writera, 
the invention of ink is due to one Tien-Tchen 
who livwi between 2997 and 2697 b.c. It is 
said bv tb^m that at that time the ink used ' 
waa a kind o! lacquer; later some kind of black 
atono nibbed in w’ater came into use ; lastly. 


about 260 years b.c., balls of lamp-black from 
the burning of lucqucr and firowooa, afterwards 
mixed with size, became the customary material. 
It is probable, however, that the Chinese became 
; acquainted with the substance from the Coreans, 
to whom they arc indebted for other useful arts. 
The material used for producing the lamp-black 
IS in most instances fir timber, although many 
other media, such as rice treated with a decoc- 
tion of y/du.MO/.s- muiabilus (Linn.), the bark of the 
ponK'granalr tivo infused w'lth vinegar, sesame, 
ra,]K‘ seed, w ood-oil, and rock-oil are employed, 
to whiL-b are added varnish and pork fat. The 
glue Ol size up])cai-H ut the present day to be 
ulwa^.s oltiameil either from oxen or fish; the 
jioint.s of (linereuce between various makers being 
(1) the mode of preparation; (2) the method 
of iiu'oiporafion ; and (3) the quantity relative 
to the amount of soot. Sotnetimes jierfumed 
esseiiee.s, as ()f musk or eaniphor, arc added, 
esjieiiaily in the ehoieest ()uahtics. 'J'hc paste 
is juvsHcd into carved woodiui moulds and, after 
baking, the sticks or other nujulded forms are 
laid HI a cool, dry jilaee, and an' said to imjirove 
with long keejung. The best ink is made from 
wood-oil lamp-black, and comes from the 
Anhui piovince. 

The manufacture of Indian ink is also carried 
on in Japan, the following description, from a 
native source, mdicaling the method followed in 
that country; ‘The boily of the ink is soot ob¬ 
tained fiom pin(!-wood or resm, nnd lainp-bluek 
, from sesame oil for tlu' finest sort. This is 
ini.u'il with liijUid glue made of ox-skm. This 
ojieiation is efiected in a large. I'ound, eopper 
bowl formed of two sjilierieul calottes jilaced 
J ini'll ajiart. so that the sjiaci' bctu'ccn can be 
filled U]) witli hot water to prevent the glue 
from hiuiiening during the tune it is being mixed 
by band witli the lamp-lilaek. The cakes arc 
formed m wooden moulds, and dried between 
paper and ashes. Cainjilior, or a jxjeuliar mix- 
tuiv of scents which come finm (.'hina, and a 
small quantity of cartliumine (the red colouring 
substance of piitllower) arc added to the best 
kinds for improving tlio colour as well as for 
scenting the ink.' 

M. Ah'rimec (JJo la Rcinture a ITIuilc) as- 
sciled that the Chinese do nut use on aiiiiiial but 
a vegetable size; but apparently without 
warrant. For a curious monograph compiled 
from native Chinese sources e. L Encre de Chine, 
8i>n llistiuix* cf sa Fabneution d’apr68 docu- 
nieiita ehiiiois traduits, ]mr Mauriue Jametel, 
Paris, 1882. 

INDIAN PODOPHYLLUM RESIN t. Rr^ias. 

INDIAN RED. A mineral pigment from the 
Persian Gulf. In appearance it is a coarse 
powder of a purpUsh-red colour. 

Howe s analysis of (1) the entii’c mineral, and 
of (2) that jK>rUon soluble in hydrochloric add, 
gave 

I SlOj.FeiOj.AlgOj.CaO.MBO.SOj.CO,, IGO 

a' yoir .'iaou ;n 7 o g-as 14.1 2-28 173 I'fl2-100 20 

UJ — 3 19 2 22 2G.^. 0 87 2 28 1-73 — ■» 12 04 

(£din. Xcw PhD. Jour. New Series, 2, 306.) 

1 he portion insoluble in hydi^hloric ad d 
is a ferric silicate FcjUfSiOj. A psoudo-lndian 
redGs composed piindiially of sesquioxide of 
Iron. ( 

INDIAN VALERIAN RHIZOME. The dried 

rhizome of IVr/^riana WaUichii. 



INDIAN YELLOW, PIURI, PCTRREE, OR PIOURY. aW 


INDIAN YELLOW. PlURl, PURREE, or 
PIOURY, 1 b a pigment mainly used in India for 
* colouring wall^ doore, and latlloe-work, and by j 
artists for water-colour work. On account of | 
its disagreeable smell it is but randy employed ' 
as a dyestuff. It is, or wtts, made almost | 
exclusively at Monghyr in Hctipal, and is ob¬ 
tained fmm the urine of cows which Imvo Ikhti 
fed upon mango leaves. On lieatnig the urine, 
usually in an earthen pot, the colouring mutter 
^ separates out; this is jircMscd mto a hall and 
dried jMtrtly over a charcoal lire and limtily in 
the sun. It sold on the spot at about 1 rujK'e 
|>er lb. and is, or was, mainly sent L) {‘alcutta 
and Patna. Om* cow produces, mi the average, 
d’l litres of unne per diom, yielding '2 oz>. 
(5(1 grams) of piuri. 'I’he yi-aily proiluctnm is 
stated to have been from HXi to l.V) ewls., 
which was probably over-e.stuiiated (r .bnirri. 
Hoc. Arts, 1883, fv.] 32, lt>, ami Annalen. 2.>-l, 
2b8). 

Piuri occurs in comnimce in the fomi of round 
balls, which irih’mallv au' of bulhatit icllow 
colour, when*as the outi'r layejs aic cilhci iirown 
'or of a dii-ty-green colour 'I’he siil*staiicr has a 
characteristic uini'um .smell 'Die uiidecoiii 
posed jiart consists only of ficeum/oe at id 
in the form of a miigriesuini or 
calcium salt; the miter and dei-mnposed portion 
contains in addition > ujuuOioik , boili tire and 
conibineil. The iumposilion of iMiin seems to 
be variable ; a fine samjile, acconiing to (ii'iiebe, 
contained 


Ma^n^um euxanikUe C|tUi.0t|Mg,5U|0 
is the moio ooiutituent of IndtAn yellow (Groebe, 
Ajmalen, 254, 2(38). 

Barium nucanthate Ba{Ct»Ui|Oti)i,9UgO ii 
soluble in boiling water, and on cooling Bepamtoi 
in the gelatinous condition. 

Silrrr anhi/drofujtintiuite Ci*HuOioAg be¬ 
haves similarly. 

tthylanhydr(M u.muth<il(! (\(iH|{k(JtuC^gH|, yel- 
low-ct»loure«i needles, nielts at lt)8'’. 
'J'<tm-acctylclliyUi7ihyilrocuxa»lbalK 

<-olourh‘HH needles, melts at 21h'‘. 

Mithi/l ((rilii/fhoriij-milholc ^'••NijOioCH g, 
melts at 218 , and closi-ly n'seinblea tho ethyl 
derivative. 

Bouoyl-anhyilrufuxunlhatc * 

nielta at 104^', but has not yot been crystullisod. 

'Die constitution of uuxanthic acid is ex¬ 
pressed by (Jracbe (Annalen, 231, 207) os 
(I , 

whereas for that of unhyilmeu.vantluc acid one 
of the following two formula! w suggested :— 

1. (■!^> 

'‘H ('-n/ X'JlJiUH ('ll(iU('llt(dlOU),'C(l,ll 
^ o / ’ •' O 


Euxautine ai id 

. 51P 

.Silieio acid and aliiinuici . 

1 •:> 

iMagnesium 

4 2 

(hilcium 

3-4 

Water and miIuIiIc matter 



1 


Kiixait-llif lu id is easily ol^tained by <lig<‘sfing 
piuri of good quality with dilute iiydroehjorie 
acid and treating the residue with a solution of 
ammonium carbonate. On tlie addition of 
hydnichhuif! acid to the fiiteri'd .solution eu.van- 
thic acid CTystallises out with tH 20 in gliKt^-nnig 
»tra\v-yclj<»w needh'S. meltiagat H)2 '. Kuxanthic 
acid is, according to Spiegel, c]eeoin])oHed by 
hydrcx'-hloric neid mto glycuronic acid and 
euxanthone : i d *i i ~ ^ PflU n/ •?• 

Kiilz, in order to provi‘ the ammui ^irigin of 
euxanthic acid, gave (mxanlbmie to rabbits and 
dogs, and wu.-? able to detect euxanthic acid in 
the urine. Kiilz’s expenments did not corro¬ 
borate Schmid’s statement that niangostin 
(obtained from Garcinia inangofilnna, Linn.) is 
similarly converted into euxanthic acid by 
animals (£. Kulz, Zcitsch. Bial. 33, 475 ; J. Soc. 
Chem. Ind. (3, 007). 

Although the potassium and sodium salts of 
euxanthic acid are of the type the 

silver salt obtained from the ]xitaasitnn salt b^ 
silver nitrate has the com|>oBition 
and ia derived from an anhydride of the acid 
{Anhydroeuxanthic acui ); tho methyl and oth}'l 
esteiB prepared from the silver salt are of the 
same type (Graebe, Per. IMKJ, 53, 33(3(1). 

PoUuaium AuxarUkate ci^s- 

taUioes readily from water, and is pre]tored by 
neutraliidog euxanthic aeid with {xitassium 
ourbonate. • 
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Kujyiulhoiir, Pmiriiorif, i‘iirron( {\^]:lf,i)^ was 

tii'sl obtam<‘d by .Stenhouw! (Annalen, 51, 420), 
and soon aflerw arris by Krdtnaiin {ibid. 02, 
3(15). from euxanthic acui. It crystailises in jwilu 
yellow rffedles or laminir, molting at 240° (curr), 
w hu ll sublime with Jitllo rh*compi;sifion on geatlu 
heating.. 

/>ui('idyl-i ((.uintliioa, i>ulo yellow prisms 
(Salzniann and Wiehr-lhauH, Per. 1877, 10 
i:307), melts at 18.5'. 

13y distillation with zme-dust iSabtmaiui and 
WichcIhauH; (irael>e and Ebrarti, Bor. 16, 76) 
euxanthone gives mflhyU.itejliphenyU'Vc oxide (1.), 
whti li by oxidation is converted into xanthone 
(II.), indicating that euxanthone possesses tho 


Hi I 


11. 


■“'O 


constitution oiadtaydro£yxanthone{ii. %nd W.), 

co<Jj;«|>o 

'\OH • 

fused with alkali euxanthone yields 
caxanthonimicid, ^ 


/V. 


byditxtuinonc (e. BiU’ycr, Annalen, 156,267)«uul 
resorcinol (Oravbo, ibid. 254, 265). 
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The first Hynthesis of cuxanthone is due to 
Oraebe (f.c.) who accompiished this by dlBiilling 
a mixture of ^-roHoreylic acid and hydroquinono 
carboxylic acid, and it was shown later by 
V. Kofltanccki and Ncsslcr (Her. 1891, 24, 3983), 
that if in tliis reaction the /S-resorcylic acid is 
replaced by rcHorcinol the same product is oh- 
liiined. As tlie result of these syntheses two 
constitutiimal formubc for eiixanthonc were 


reduction is converted into 2:5:8 trihydroxy- 
xanthone, palo yellow needle^ m.p. 328 -330 . 


possible .• 
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When ni<‘f}jylutcd ])y iiieanH of nicthyl iodide 
in the usual manner {r. Kostanecki, Her. !S!!4. 
27, 1902), eiixnnthone yieldM only a viononidlnil 
(;, 3 ll 7 () 3 (<)(qi;,) (yellow m.p. 120'). 

and this on treatnuMit with ntrong sodium 
Jiydro.xide solution jfivrs an uiHolulib* yt-liow 
Hodiuiu salt. 'I’lie latter, liy Hashing with water, 
is decomposed witli |•(‘^a’neration of the free 
monomothyl other. These reactlon.s indicate 
that eiixanthonc conUm.s an hydroxyl in the 
ortho-po.sition to a carhoxyl group (r/. also 
llcrzig, Monatsh. 12, Itil), and that, tlioivfore, 
its constitution is ivpresonted liy formula 11. 
'I'he linal proof of this formula is uiTorded by a 
later synthesis of cuxanthone (Idlmarin and 
Panchaud, Annalen, 1(iK). 

2-('liloro.ll-methoxybenzoic acid is condensed 
with the jjotassmm derivative of hydnujuinone 
monornethyl other, oniploying oojipor powder as 
a catalyst 
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Thort'sulting 4-jar//ittr.»/-2-p/N’«yj7/*t)-mc//io/./ 
beiuoic aewf when tivaUal with ooneentrated 
Bulphurie acid is convortod iuto^ i ^uanthonc 
dimethyl ether 

OCII3 

Uo-IJ 

and this by tn'atment with aliiminiiun chloride 
in the prencnce of bcnxone pivds euxanthono 

According to Ncirenstoin (Her 1913. 4t*, r*49) 
by oxidising euxanthone with chromic acid the 
quinone 
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is produced. Tlus consists of dark-rcnl needles 
soluble in wHh a blue coluratiou, and on 


OH 

Th(' tnacetvl derivative melts at 226°-230°, 

J)i.\ zoIj> i(Z(7}r'-nrxtinthofif ('jjjHjOjfCgHjNjlj 
(Perkin, ('hem. Soc. 'J’rans. 73, ()(>(5), red needles, 
III [t. 249 '-2.>(i' (deconip.), is readily jiroparcd by 
adflinc (liazohenzene sulphate to a weak alkaline 
Solution i4 cuxanthone. 

Ar( tiihli'inzoljenzenc-cuzanlhotic, ochrc-ycllow 
nci-dics, melts at 197^^-199''. 

J'hj\anth(uic })Ossosscs imly fcohlc tinctorial 
jiropcrtics ; the rc.spectivc slunles obtained with 
woollen clotfi mordanted with chromium, alu¬ 
minium, and Lui bi'ing dul! brown-yellow, pale 
luiglit yellow, and very j>ale bright yellow 
(Perkin and Hummel, Cliem. Sou. Trans. 1890, 
09, 12!HI). A. (J. P. 

INDIARUBBER or CAOUTCHOUC r. Hr ijukk. 

INDICAN /•. (Ji.icosioKS; Induju, Naiuuai.. 

INDICANURIA v. In dowl cuMrovNua. 
INDICATORS V. Acidimciky and Alkali- 
mi: ikv : nisi) art. Analysis. 

INDIGO, NATURAL. Indigo has been known 
in Asia from a remote jiiTiod of antiquity, and 
there exist very ancient iveorda in Sanskrit 
desei’ilung its inelhudH of pre}iarati()n, The 
Romans ujipear to have recognised it only as a 
Iiigmeiit (/«r//f//m), but evidence as to its use as a 
dye by the ancient Egyptians.luia been abuiid- 
unlly proved from the eMumiiation of mummy 
cloths. Its om])loymeiit in Europe was very 
hniited until in lolO when it began to he ini- 
ported from Intlia by way of the (.’ape of (Jood 
Hope, but its introduction in large quantity did 
not occur until about 1002. Owing chiefly to the 
opposition of the growers of woatl, its European 
rival, as a dyowarc it met with much opposition, 
and various law’s were enacted both on the 
Continent and in England prohibiting its use. 
It was called a ‘ devilish drug,’ and w'as said to bo 
injurious to fabrics. In 1737 its employment 
was legally jiermvttcd in l-Tance, and from this 
period its valuable projxrtics ap|>car to have 
Income gradually recognised throughout Europe. 

The i(^ist impurUnt jilaiits w’hich yield indigo 
are those of the genus IndnjoJvTti belonging to the 
natural order of the Legnminogos ; these have 
been cultivaU'd in India, China, Egypt, the 
Philippines, t’aracas, and Brazil. 

Fi'r the purpose of indigo manufacture the 
Indigofrra tinetoria (Linn.), 1. svf?>a/rana 
: (Uarrtn.) (the Indian plant), I. dispemma (Linn.), 
I. anjentca (Linn.), and I. arrecla (Hochst.) (the 
Natai plant), tho J. -paucifolia (Dclile) (Mada¬ 
gascar plant), and I. ^^€cundijiora (Foir.) 

, (Guatemala plant), have b^’cn mainly used, 
Vhough certain leas valuable varieties, viz. the 
I. piteudolincform (H. Br.), I. anyustifolia {IJxai.)^ 
L arcuata (WiUd.), L car^iniano (Walt.), 
/, cinerca (Willd.), /. longcracemoaa (Boiv.), 
7. cepruka (Uoxb.), 7. cttdtcapkyOa (Jooq.), 
l.'‘gUilira (Linn.), 7. hirfiuta (Luin.), 7. 
(Lam.).«7. mcxicana (Benth.), 7. lejdoetachjfa 
(IK'.), have been employed. In Japan, China, 
and Russia the pl^t ust^y cultivated has boon 
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the Polygonum tindorivm (Ait.)> but the laatis 
Unctoria (Lum.)» o^waad plant, at one time very 
largely grown in Europe, ia now only used in very 
limited quantity as an adjunct in the dyeing of 
indigo (woad vat). The native source of indigo in 
Western Africa appears to consist almost entirely 
of the Lonehocarpw cyanescens (Bentii.) (Perkin, 
J. Soc. Chom. Ind. mi, 26). 

Other indigo-yielding plants are the .WHuvi 
tinciorium, Oi/mnerna tingcnn (iSpi-eng.), Pujxi- 
torium laevc 0^-)t Tephrontn l^nctorMi (IVin.). 
Marsdfnia <mc^arto (U. Hr,), and certain «|)ecie>i 
of orchids such as the PIkhuh iimmhjlorun 
(Reich.), and Cnhxnthr riTiii}\foliu (K. lir.). 

In addition to these, vaiious ]>laiit^ of which 
the McrcunaltH pervnuin (Linn.), FiKjapyruui, 
rjiculentum (Moench.), Frujrtiiun (Lmn.), 

Baptisia thicforia (R. Rr.), and Hhamnus 

aUilcrnus (Linn.) {(hiorgicvicM, Dor Jndigo, ISIL') 
may be. given u.s oxainple.4, are stated to yield 
indig<s or a very siimlar colouring matter, hut 
this requires contirmutron. 

Tho production of indigo from llte mdigi) 
plant is of a simple charactei' ami ccmHisls mainly 
of two pnicesses, viz. a steejmig of the plant 
with water (fermentatinn), folloMed l>y tlie 
oxidation of the solution uith uir in a scjianitc 
vessel. Until very recently hut little modifica¬ 
tion oppears to ha\e lieen introduced mto this 
ancient process, and there is also but little 
variation to be found in the mam featureiii us 
described by Bancroft (l^hilosujihy of I’ermanr.nt 
Colours, 1813), Crookes (.Manual of J>y(‘ii>g and 
Calico Printing, 1874), Bridgoti-I.H)c (indigo 
Manufacture, 1892), (icorgievics (i.r. 1892), and 
Hawson (The Cultivation and Manufacture of 
Indigo, J. Soc, Dyers, 1899). 

Directly the plants are cut down they are tu'd 
in bundles and brought to the factory without 
delay, liocausc il is neeessiiiy that Die mat<Tiiil 
should bo o|M.'ruted on at once. ‘ The tanks fur 
the extraction (steeping v.its) and precijiitution 
of the indigo by oxidation (beating vats) are 
aometiraos of stone, but more usually of brick¬ 
work lined inside ilh cement, and are resjKjc- 
tively ranged in two rows one alKjvi^the other, 
eo that the former can bo drained into tho latter. 
The steeping vats may ha\ e a capacity of aliout 
iOOO cub. ft., and are usually of much sruallcr 
dimonaions than tho beating vats, of which 
loss are consequently require. According to 
Rawson (/.c.), who describes a smajl indigo 

■ It lias lofia been kiioHD tl.at the percentage of 
Indlcan rapidly JUuppcars from the lest in the freslily 
plucked moist coD^tion, and on this account It u ad¬ 
visable that the nlunt when cut down .should be dealt 
with at once. On tho other hand, it has been tlio 
practice to a small extent In certain districts to uir- 
dry the leaf before proceeding with the manufacture of 
Indigo, in order to determine l%wheo alr-drled under 
idem eoaditIon*, the leaf lo these circamstanCe!) loses a 
miterial amount of indican, expciimentH were made 
by Watson (Jour. Chem. Boo. lad. IOIH, 37, SI) aitli 
Indigo plant epeclally grown fur the purpose. The leaf 
wtaeu gathered was divided into two portions, one of 
which woe analysed at once, and tlie second drieil bW 
spreading la a thin layer upon filter pajier in a norfll 
verandah for three or tour days aotU constant In weight. 

Tbe analyses were carried out by tiie Uatlu method 
(f.e.) irtU) 10 grammes of leaf weighed in each 
ill the fresh condition, and tbe results expreased as 
indirnbln indicate that a serious loss of colouring prin¬ 
ciple does occur In these drcmiistaiices:— 

Frt^ L»f. Air-dried jMiaf. 

(a) O'lOQB OO&OB 

(b) 0'0BSr> OOGiU 

(f) 0*1097 ^ 0-(l70a 


factory, each range of beating vaU ruoa the whole 
length of aix etwping vats, and has a width of 
13 feci 6 uichea. 

Into each of the upper tanks the bundles of 
tho plant aro tightly packed (preferably in a 
horizoiital position, Bridgos-L^, f.c.), on the 
tup of this U laid a horizontal trellis of bamboo, 
and tho whole is wedged down into tho tanks 
by meauH of tiiiilxw, so that the material is 
unable to Hout during tlie ferincntalion process. 
tVater i.h then run m, in tmeh quaiititv that the 
bundle.'* are entin-ly submerged. A^tcr about 
two hours tin tietivi' fennefitation is observed, 
anil the surfaee of the lujiud bocomoa covered 
with froth ouing to llie evolution of a mixture 
of euibriu ilioxidi’, ox\gen, and nitrogen 
{(H'orgiei K's, lx .); m tiie Inter stages (Rawson, 
lx ) eitlur niursli gas or hydrogen ©r a mixture 
of the two i.s freely pi<*>lueeU. After 10-15 
hours, lu'coiilmg to tho prevuilmg teuiiierature 
ot till' Mater, llie striiM yellow, orange, or olive- 
green coloured liquid is drawn oil mto tho tanks 
below, and sulmiitUMl to oxidation with air. 

'rius may b<‘ aeeoinjiliHlied by ‘hand 
beating,' by muelmiery (the beating wheel), by 
blowing air through tiie iiqiml, or by the shower- 
bath method. Duimg this o|K>ration tho uolour 
of tlm liipiid gi'adtjall,y eliaiiges, booomiug first 
(lark grei.'ii and tiieii blue, and uunsidorabie 
frothing is jirodueed. Wlioii it is observed that 
the inUigo preeipitute or ' feeiila ’ readily settles, 
tho heating is diseonUnued and the mixture 
iillowiul to rest for humio tuo hours. The super- 
natanl lu}uul, or ” seelh water,’ having Imoii 
drained oil as completely uh possible, the indigo 
Rludge or ' nial ' is hxi into a reservoir huidu the 
factory, from which it is subscHiuuntly elevated 
by means of a hand pump or steam injector into 
a large cauldron knoun as tho ‘ inal boiler.* It 
is liiTu heiitt'd by direct lire or by the admission 
of steam, .iiid this lias for its object the preven¬ 
tion of a further forrnontation, tho solution of 
certain froivn iinpuntu'i*, and a more complete 
granulation of tho ' mal.’ 

The product is then run oil to a filter known 
as a ‘ table,' consistnig of stout cotton or linen 
eloth stretched over a shallow rectangular baain 
•r stone or cement, u’ith a drainage opcgiijig at 
one c«jrncr, and allowed to remain until it haa 
the conswteney of a stiff paste. In order to 
rcmuvii exc(?SB of moisture the indigo is trans¬ 
ferred to perforated w’ooden boxes lined with sail 
cloth and cautiously primscd. Finally, the 
resulting slab is cut into cakes by means of a 
guillotine or metal wires and allowed to dry at 
the ordinary tcmjicrature on trellis-work shelves 
in a sjieciaHy constructed drying houso. 

, j'liii Plant. • 

Until tho lost few years tho I. aumairana 
ap))cars to have lxM;n exclusively employed in 
the Is'st-conducted foetorios m India. Aooord- 
ing to Ivcake (Kcpirt of the Dalsiogh Serai 
R^Ofch Station, I1K)3-1904) this is a miAore 
of several #ub-varietieH of different values. ^ 
this, as in apparently all other indigo plants, wb 
indican exists exelusively in tho loaf, though 
Bloxam and Ls^ako (f.c.) jxiint out tfaftt we 
midrib or raehis also contains the ^oooside. 
For the manufacture of indigo tho m|pn poiots in 
connection with the plaut are the weight jiekded 
per acre, tho percontogo of leaf |ireMot» and the 



602 


INDIGO, NATURAL. 


indigotin-produfing valun of the latter. Accord¬ 
ing to Rawson (t'ultivafion and Manufacture of 
Indigo, l.r.) the good plant eontainH 40 p.c. (»f 
leaf, though oeeuHionally, but not often, the 
proportion of leaf riHCH to ns much as 00 ]).e. 
Bloxam and jA'ake found, liowevor, much higlicj- 
values, .'iJ'7-01‘0 on ordinary Indian jilant, and 
(m p.e. given by twelve eicperinumtal jilots, 
figures whieh include the mcliis. Ik-egtheil 
(Hcporl of the Indigo Ke,search IStation, Sirsmli, 
llKX), H) found the pereiuitagi^ of leaf to be 4tl p.c., 
and never higher than 40 p.c. ; but, < ui the other 
hand, in a redctermmation, Leake (.1. Soe. ('hem. 
Ind. 11)07, 2b, 1174) records tlie value as l)2‘2 p.c. 
Itawson, who conilueled iiurneiou.H analyscH of 
the loaf by Ins jierHuiphate j)roei'HH {l.r.}, shows 
that the indiean content as expi'cssiMl b\' indigo- 
yielding eiijiacity varies at dilTerent p<‘riods of 
the year. Tlius, whereas in one instanei' on 
May 2K the figure wan 0‘20 p e., on August 2o 
thi.s had nsi-n lo0-7b ]).e. (d iiuligolin. 'I'liough 
tlu‘ ]i‘af on a young j)!ajit give,-, luit a small 
IxTcentage of eolounng nuilter, yet as I he jdanl 
grows the luwv l(“af coiMains more eoloutitig 
)»rineiple than t)i(‘ old on tlie sairii' jilant As an 
exiunph', on oni' occasion the pen'entages of 
indigotin recorded with new aiul old leaf \\('re 
resjH'ctively 0 71 and O’iir. jx-. Finally, thi ro 
is a gradual inereasi' in colouring matter given 
by leaves from the bottom of the jilant upwards 
iiH rejiresented hy the ligiires O'llO, 0*41. and 
0'62 j).e. re«i>eeti\ely. According to Bc'rgtlied 
(Report of the lndig<i Ke,search Station. [iHi7, il) 
the ‘ indigotin eonlcnt ’ of tin* jilant is rarely so 
high HH O'lf p.c. Thougli the h-af, as a riih*, 
cimtains a inaxnnum ol colouring lualtiT from 
about the inidiUc to the cm! of Augu.sl, it docs 
not necessarily follow tliat tins is tlie liest peiiod 
for mnmifiieture, us by ibis tinu- the plant uill 
usually have lost n \onsidtuabli’ portion of half 
(Rawson). The maiiufaeturc. indeed, usually 
eomnieniTH about the imddh' of .lune^ (larnii, 
M'homas, and Bloxam (d. Soe. Fiiem. Ind. 1P(I7. 
2b, 1174) ivfcrto a sam|)le of the air.dried leiues 
of tlio J. /fKnuiirnna, wliieli, ni eomjian.stm with 
other dry samples of the same \ariety {It’b 
ajiprox.) and of the Java plant, 7. nrrfcia (1 SI 
]>.e.), yielded indigotin to the vahii' of Ip.'i.’J p cV 
and consider that this imlicaleH that l»y sclci turn 
ami Huitalde methods ..f eulti\ation it*should be 
possible to obtain an aveiagc plant of gjHiilei 
mdigo pi-odmang jjower tban has liitherto ln-cu 
the ease. 

'I'he jilani formerly lunployed bv tlie da\a 
planters was the J. 'smimhJJoia. ‘taiutemaia 
plant,’ but for several years jiast tins has la-cn 
n'plaeed hy the /. <nni(a i)r ‘Natal jilant.' 
Thn latter, it is slated, eonttMi.« not only more 
leaf thai/the onlinary Imlian jihdit, but, as a 
rule, the leaf yields also a eonsklcrably larger 
percentage of indigo. Moiv i-eeently the Indian 
planters have i;t'cognised the value of the 
1. arrerfu. and accounts are given hy t'oventiy 
(Indigo Improvements Syndicate Reimrt.' IlHiI) 

exjierimenta in eonnectiou willf its intro¬ 
duction. Leake (Dabingh Serai Rcjiort, l!Xl'») 
discus^ the difticulties of the gi'nnination of the 
seed or the NaUUnlava plant, which is due to the 
impormeable character of the seed coat. Tliis 
defect, It u poilitod out. eon be overcome bv a 
process of smfAtohiiig, and a practical method for 
this porpQM k descriU'd. BetgUioil (he.), in 


conjunction udth D. L. Day, treats the seed 
with strong sulphuric acid, wmch leads either to 
a sw’elling of the seed coat and its eventual 
rupture or converts it into a body akin to 
cellulose and permeable to water. Analyses of 
the indigo-yielding power of this leaf by Rawson 
{l.r.) gave figures up to 0*96 p.c., whereas 
Bcrgthcil (l.r. llKlb) finds in comparison to the 
7. numnhdiia (O oSo) that the 7. arrerta produced 
I'D.") ]).e. of colouring matter. The percentage 
of loaf given by tin- latter averages 52*2 p.c. 
Again, in llHii) the yield from 100 maunds of the 
7. (irtirUi was 15 seers 10 chittacks, as against 
11 seers 14 chittacks from the same quantity of 
the 7. 'I’lie Natal ]>lant is now 

(‘slublishi'd 111 India, and its value appears to be 
fully recognised. According to Hcrgtheil (1907) 
the indigip made from the davu plant has 
generally been of a liigb indigotin content, and 
(lOO(i) that whereas the yiehi t)f mdigo per acre 
was 12 (i ' .seers,’ that given by the 7. sunuiirana 
was by eomjpuiiHon only H seers. 

All aeooiinl of rceent work on tbe indigo 
plant b \V A. Mavrs i.s given in the. Indigo 
I’ubiieatioiiH ilOlS-21) (;f Tlie Agricultural Re- 
seai'c'li liistiinte. Kusa. Davis attribuU'S (I’ubl. 
i\os. I iii 2) tlm progre.Hsive dcteruiration of the 
mdigo erop.s during the last twenty years chiefly 
to the fact that the soils arc exliaustedas regards 
phosphate. The good clfects of phosphate 
manuring is conliriiied liy experiment (r/. aLo 
Kubl. Xo. b), and there can thus be no doubt 
that tbe oontimioiis and systiunalie treatment 
of the soli with Bupeipho^plnite is essential for 
the jiroper ciiltuation of the uidigo plant. 
Dealing lairticulaily with the Java mdigo plant 
(I’ubl. Xo 7), It is stated (see ]>. J2) that:— 

“High qimhtv plant neh in indigotin is 
obtained when the soil is])o(ir in nitrogen, so that 
the Jilant is fmecd to grow on nitrogen tiikeu up 
from flu’ air by the nodule bacteria. It aceuiH 
probalilc tliat tlie aetivify ol these organisma 
determine.s higli indigotin eonteiit. and that the 
joodnction of indiean is due to the, jilant r‘- 
inoNing from the nodules nitrogen compounds 
whieli woijd be prejudicial to tlieir continuous 
action.’ 

’I’he factors wlm h make for development of 
the nodules are, fl} l«\v nitrogen in soil; (2) 
gootl supply of .sr)iuble jiho.sphate; (3) good 
HU]iji!y of organie matter (yielding carbo¬ 
hydrates). 

(’are must be taken in RUjiplying humiLS not 
to Bupjily nitrogen. 'I'hus a manure such aa 
s(Tt. whilst giving high yields df plant jier aero, 
gives leaf }>oor in uidicaii content. 1'he use of 
eover crops {i.g. wheat or mustard) grown with 
mdigo. winch remove nitrogen from the soil, U 
advantageous. ♦ 

Thk Chkmisiuy ov Natural Indigo 

Mam FACTl RL. 

V Aceoi'ding to the early researches of Chevreul 
fAun. Chim. Rhys. Ik0«, 00, 8, and 1808. 08, 284) 
and of (7eradjn and Preisser (J. PhAmi. Chim. 
1840, 20, 344) the eolounng principle of indigotin 
pRisent in indigo-yiolding plants was considered 
to ^consist of in^go whit-c, and this theory 
remained uncontradioted until Schunck (Phil. 
Mag. l(?o6, [iv.l 17. 74. and 1858, 15, 127) 
isolated fR»m the Imlin tindoria (woad), Pofy- 
gonum lindoriuun and Indigojara lincioria 
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the Polygonum tindorivm (Ait.)> but the laatis 
Unctoria (Lum.)» o^waad plant, at one time very 
largely grown in Europe, ia now only used in very 
limited quantity as an adjunct in the dyeing of 
indigo (woad vat). The native source of indigo in 
Western Africa appears to consist almost entirely 
of the Lonehocarpw cyanescens (Bentii.) (Perkin, 
J. Soc. Chom. Ind. mi, 26). 

Other indigo-yielding plants are the .WHuvi 
tinciorium, Oi/mnerna tingcnn (iSpi-eng.), Pujxi- 
torium laevc 0^-)t Tephrontn l^nctorMi (IVin.). 
Marsdfnia <mc^arto (U. Hr,), and certain «|)ecie>i 
of orchids such as the PIkhuh iimmhjlorun 
(Reich.), and Cnhxnthr riTiii}\foliu (K. lir.). 

In addition to these, vaiious ]>laiit^ of which 
the McrcunaltH pervnuin (Linn.), FiKjapyruui, 
rjiculentum (Moench.), Frujrtiiun (Lmn.), 

Baptisia thicforia (R. Rr.), and Hhamnus 

aUilcrnus (Linn.) {(hiorgicvicM, Dor Jndigo, ISIL') 
may be. given u.s oxainple.4, are stated to yield 
indig<s or a very siimlar colouring matter, hut 
this requires contirmutron. 

Tho production of indigo from llte mdigi) 
plant is of a simple charactei' ami ccmHisls mainly 
of two pnicesses, viz. a steejmig of the plant 
with water (fermentatinn), folloMed l>y tlie 
oxidation of the solution uith uir in a scjianitc 
vessel. Until very recently hut little modifica¬ 
tion oppears to ha\e lieen introduced mto this 
ancient process, and there is also but little 
variation to be found in the mam featureiii us 
described by Bancroft (l^hilosujihy of I’ermanr.nt 
Colours, 1813), Crookes (.Manual of J>y(‘ii>g and 
Calico Printing, 1874), Bridgoti-I.H)c (indigo 
Manufacture, 1892), (icorgievics (i.r. 1892), and 
Hawson (The Cultivation and Manufacture of 
Indigo, J. Soc, Dyers, 1899). 

Directly the plants are cut down they are tu'd 
in bundles and brought to the factory without 
delay, liocausc il is neeessiiiy that Die mat<Tiiil 
should bo o|M.'ruted on at once. ‘ The tanks fur 
the extraction (steeping v.its) and precijiitution 
of the indigo by oxidation (beating vats) are 
aometiraos of stone, but more usually of brick¬ 
work lined inside ilh cement, and are resjKjc- 
tively ranged in two rows one alKjvi^the other, 
eo that the former can bo drained into tho latter. 
The steeping vats may ha\ e a capacity of aliout 
iOOO cub. ft., and are usually of much sruallcr 
dimonaions than tho beating vats, of which 
loss are consequently require. According to 
Rawson (/.c.), who describes a smajl indigo 

■ It lias lofia been kiioHD tl.at the percentage of 
Indlcan rapidly JUuppcars from the lest in the freslily 
plucked moist coD^tion, and on this account It u ad¬ 
visable that the nlunt when cut down .should be dealt 
with at once. On tho other hand, it has been tlio 
practice to a small extent In certain districts to uir- 
dry the leaf before proceeding with the manufacture of 
Indigo, in order to determine l%wheo alr-drled under 
idem eoaditIon*, the leaf lo these circamstanCe!) loses a 
miterial amount of indican, expciimentH were made 
by Watson (Jour. Chem. Boo. lad. IOIH, 37, SI) aitli 
Indigo plant epeclally grown fur the purpose. The leaf 
wtaeu gathered was divided into two portions, one of 
which woe analysed at once, and tlie second drieil bW 
spreading la a thin layer upon filter pajier in a norfll 
verandah for three or tour days aotU constant In weight. 

Tbe analyses were carried out by tiie Uatlu method 
(f.e.) irtU) 10 grammes of leaf weighed in each 
ill the fresh condition, and tbe results expreased as 
indirnbln indicate that a serious loss of colouring prin¬ 
ciple does occur In these drcmiistaiices:— 

Frt^ L»f. Air-dried jMiaf. 

(a) O'lOQB OO&OB 

(b) 0'0BSr> OOGiU 

(f) 0*1097 ^ 0-(l70a 


factory, each range of beating vaU ruoa the whole 
length of aix etwping vats, and has a width of 
13 feci 6 uichea. 

Into each of the upper tanks the bundles of 
tho plant aro tightly packed (preferably in a 
horizoiital position, Bridgos-L^, f.c.), on the 
tup of this U laid a horizontal trellis of bamboo, 
and tho whole is wedged down into tho tanks 
by meauH of tiiiilxw, so that the material is 
unable to Hout during tlie ferincntalion process. 
tVater i.h then run m, in tmeh quaiititv that the 
bundle.'* are entin-ly submerged. A^tcr about 
two hours tin tietivi' fennefitation is observed, 
anil the surfaee of the lujiud bocomoa covered 
with froth ouing to llie evolution of a mixture 
of euibriu ilioxidi’, ox\gen, and nitrogen 
{(H'orgiei K's, lx .); m tiie Inter stages (Rawson, 
lx ) eitlur niursli gas or hydrogen ©r a mixture 
of the two i.s freely pi<*>lueeU. After 10-15 
hours, lu'coiilmg to tho prevuilmg teuiiierature 
ot till' Mater, llie striiM yellow, orange, or olive- 
green coloured liquid is drawn oil mto tho tanks 
below, and sulmiitUMl to oxidation with air. 

'rius may b<‘ aeeoinjiliHlied by ‘hand 
beating,' by muelmiery (the beating wheel), by 
blowing air through tiie iiqiml, or by the shower- 
bath method. Duimg this o|K>ration tho uolour 
of tlm liipiid gi'adtjall,y eliaiiges, booomiug first 
(lark grei.'ii and tiieii blue, and uunsidorabie 
frothing is jirodueed. Wlioii it is observed that 
the inUigo preeipitute or ' feeiila ’ readily settles, 
tho heating is diseonUnued and the mixture 
iillowiul to rest for humio tuo hours. The super- 
natanl lu}uul, or ” seelh water,’ having Imoii 
drained oil as completely uh possible, the indigo 
Rludge or ' nial ' is hxi into a reservoir huidu the 
factory, from which it is subscHiuuntly elevated 
by means of a hand pump or steam injector into 
a large cauldron knoun as tho ‘ inal boiler.* It 
is liiTu heiitt'd by direct lire or by the admission 
of steam, .iiid this lias for its object the preven¬ 
tion of a further forrnontation, tho solution of 
certain froivn iinpuntu'i*, and a more complete 
granulation of tho ' mal.’ 

The product is then run oil to a filter known 
as a ‘ table,' consistnig of stout cotton or linen 
eloth stretched over a shallow rectangular baain 
•r stone or cement, u’ith a drainage opcgiijig at 
one c«jrncr, and allowed to remain until it haa 
the conswteney of a stiff paste. In order to 
rcmuvii exc(?SB of moisture the indigo is trans¬ 
ferred to perforated w’ooden boxes lined with sail 
cloth and cautiously primscd. Finally, the 
resulting slab is cut into cakes by means of a 
guillotine or metal wires and allowed to dry at 
the ordinary tcmjicrature on trellis-work shelves 
in a sjieciaHy constructed drying houso. 

, j'liii Plant. • 

Until tho lost few years tho I. aumairana 
ap))cars to have lxM;n exclusively employed in 
the Is'st-conducted foetorios m India. Aooord- 
ing to Ivcake (Kcpirt of the Dalsiogh Serai 
R^Ofch Station, I1K)3-1904) this is a miAore 
of several #ub-varietieH of different values. ^ 
this, as in apparently all other indigo plants, wb 
indican exists exelusively in tho loaf, though 
Bloxam and Ls^ako (f.c.) jxiint out tfaftt we 
midrib or raehis also contains the ^oooside. 
For the manufacture of indigo tho m|pn poiots in 
connection with the plaut are the weight jiekded 
per acre, tho percontogo of leaf |ireMot» and the 
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In a |m|)cr by Beyoiinck (Proc. K. Akad. ! sodium carbonate, on gradual evaporation in 
Wctensch. Amst^Tdam, i'JOO, 3, 102), ‘On the vacu6 deposited crystals, and eventually a 
Formation of Irwiigo from W’oad,’ tliis chemist semi-solid mass was obtained.' It was ooUeoted, 
discusses ISdiunek's well-known work on the drained, and allowed to dry at the ordiiu^ 
same subject, and points out that the indigo- temperature. When exhaustively eztraote<C 
yielding substance contained in this plant is not, 1000 grams of leaf gave 31’OO grams of indican» 
as Srhunck rcgnnlec! it, identical with the indican and by a continuous system of working more 
present in the PohjijuniDn iinctorium. The than .olXi grams of crystalline indicau were 
colouring })rinciplo of uoad Iicy('riiK:k nunic.s prejiarcd. 'I’hc jireparation of this glucoside 
iKUlaii, jvtid shows that tins conijiound, unlike from tlic hM\'cs (d 7. is more troublesome, 

indiciin, i.s deeoinposi'd in ieebly alkaline snlu- owing ])aitly to the presence of kaempferitrin 
tions, wlimciiH indican is staljje even in conren- (/.r.), hut nioi'c c-spccially of a colourless sugar- 
trated alkaline hi|uiils in jnesenee t>l aenis like cimijxnind ; m.p, ISOMST®; 

botii isatan and indu'im are hydrolysed, Imt (lossihly a modification of quercitol. The fact 
indiean with greater ditlicully. the that indiian can be so readily isolated without 

Nfiecdic (uizynie of Moail, docs not act on indii an. the aid <tf heat, and merely with the use of 
and isatan, on the other hand, IK unatfeeteil both acetone, liglit petroleum and ether, is not in 
by the indig^^ enzyme or by common Itacteiia. harmony with liie contention of Schunck {lx.) 

Sehiimiv ((hem. JS'ews, ItHKl, fi2. 17(1) coji- that the ery.stalline glucoside is an alteration 
sidered that the crystalline indie.in oj iloogewerfl jirodm t of his amorphous substance, and conse* 
and ter Abnilen was not the H^lb^lan(•e olitained quently the terms a- and ^-indican suggested by 
by him, and should not be eonsidi'red as a june him should disappear. 

vanely of jt, hut wa.'-’ I'atber derived Irom it, by Indiean ci'vi'tullised from water • “ 
extrtn ling the jilant with a liot soixeiit ami the u v • u / 

UHC. of chemicals ili‘ prefeiied to name hiK ^ i 4 kli 70 cN,dHi^() 

compound u indican and lIicuh femdiean, melts at .>7 - 08 ’, but in th(^ anhydrous condition 

Hergtlieil (t'hcm. Sue. Trans. IlHi-l, S.’i, S77}. as obtained by the addition of boiling benzene 
wlio (“xpeninented with the J. and to itH hot. aleohiilie solution, at 170'’-178'^. 

J. (irncifi, (lid not Imd it possible to jirejmrc C)uing to its sumewiiat n'ady solubility in water 
mdieuii from tlie li'avt's ol these jiiaiits in the it e.in Ih‘ moie economically jjunfied by the latter 
manner licMcribed by HoogcwiulT ami ter inoiess, and, according to Perkin and I'horaas 
Meulen. {(‘hem. !Soc, Trans. Ibdl), Ik", 793), crystallisation 

It was, however, shown by IhuKin and from alisolulo alcohol gives excellent I'esults. 
Bloxam (Ciiem. Soc. 'i'rnns. 11K)7, 91, 171.^>) that A newer method of jireparing indican from 
crytitallnie indiean can Ik* isolateil from l»»lh of indigo-yielding jilants, in which acetone is also 
these plants by such a mctliod, and is in reality I'liijiloycd, iuis been diwi.si'd liy B. M. Amin 
the 8 <uiree of the natural indigmshieli IS (h'l'ivi'd (Agr. Hes. lust., I’usa, Indigo Publ. No. G). 
from them. 'i'hi* fresh leaf is extracted with hot water, and 

in u further cimnmiiiieatum ter .Meulen (Hee. fre.shly slaked lime luUh’d to piecipiUte im* 
tmv. ehim. 11K).'>, 29, 441) desenbes a moddica- luinties. 'riieso are removed, the filtrato evapo* 
tion of the method jirevioualy given for the rated and extracted with acetone. By evapo* 
isolation of indiean fiom 1 Ik‘ Vohjtjomtiu hur- ration and cooling in ice indican hydrate 
/firiawi, w’hich consists in lii'iiting a loBi solution sepaiates from the aqueous solution. Dissolved 
of the partially jniriti(*il HubHlniiec witli hulpliurie in absolule alcohol, anrl by precipitation with 
acid, by which means certain impurities are benzeno{f/' IVrkin and Bloxam)pureanhydrous 
nrecijiitated. The aeui is tlicii removed with indiean eiyslallifics (yield 70-80 p.c.). This 
barium carbonate. I’he main object (T the method is sp cially suitable for preparing pure 
investigation wuh, howeviu', the d(‘termination« if indican in large quantilicH from the Java indigo 
the sugar that this glucoside yiehls when iiydro- plant (/. for which Perkin and Bloxoxn’s 

r d by its sj>ceilie enzyme, ami this jiroved to be method is hardly serviceable. 'I’he advantage* 
trose, us ulit’iuly indicated by Jlazewinkel cluimed by this method are its rapidity, its 
(be.). general application and the small amount of 

As a result tif the .study of the bi-haviour of organic solvent requircKl. 
indican with solvents, Perkin and Bloxam (/.r ) It has been shown by Bueyer (Bcr. I88i, J4, 
devisi‘d a very simjile ju'oeess for the isolation of 174r>) that indoxyl readily condenses with 
this glucoside, by tin* md of winch large quiuili- aldehydes and ketones to form the so-called 
ties of the pure substimee could be readily and Hazewinkel (he.) partly identi* 

prepared. lied this substance by means of its condensatioii 

The ’leaves and stems of the /. stiiiHitninu products with isatin, benzaldchyde, and pyruvic 
(1000 grams) wore tivaled with 4 litres of cold acid, relying, hf)wcvrr, on their 
acetone, the inixlurt* being occasionally shaken reactions, as ho did not prepare these oompoundfl 
during 7 days, and the green-coloured extract in a pure enough condition for analysis. Almost 
was evaporateef on the steam bath to « \ery simultaneously Beyerinck (Proc. K. Akad. 
sniall bulk. To the re.sidue light jxdrole^un wasS.Wetonsch. Amsterdam, 1899, 2, 120) prepared 
^,ndd^, caxising the deposition of a h^jw-n viscous incUrubin by hydrolysing crude indican in the 
precipitate cu crude indiian, and this was presence of isatin. 

re^tedly agitated with smnll quantities of Perkla and Bloxam (he.) and Gaunt, Thomaa, 
petroleum. The juoduet on treatment and Bloxam (J. Soc. Chom. Ind. 1907, 20, 1174), 
With water gave a jialc yellow liquid, containing \#iio cx(>chmcnted with the pore eubstanooj 
rednoQs patter in suspension, and the latter was found ^hat when indican diseoreed in water ia 
fWttOVad by shaking with ether. The clear addl’d to a boiling solution of isatin, acidifi^ 
ai}Q0iMis solution, treated with 10 c.c. S/2 with a little hydrochloric acid, and the operatioo 
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U carried out in a^ atmosphere of liytirogen or 
carbon dioxide, the yield of indinibin is quanti¬ 
tative acoording to the following equations :— 

Ci^Hj-OfN =(JvH-N(J 4'UjIi 

()gH,NO+C,H„N08-C,6HjoN,0,-i-H,0 

This ‘isatin’ method, for detail's of ;Oiich 
see later, affords a ready means, not only for 
the analysis of the orystaliine ulm-oHnlr, hut 
also for the estimation of the amount uIikIi 
is present in ofjueous infuHii)ns of liu’ leaf 
(v. infm). 

More recently Perkin and Tlionn^ (dieni. 
Soc. Trans. lyO!), Do. /‘J.")), aho Htunicd in a 
similar way the condensation of mdo.wl derived 
from indican with p-introhen?aldeli\de, fonmi 
that the 7>-nitrnlK‘n7.aldeliydi'imlo;:<“Cndt‘ is de 
posited in qnantitativi' amount, and that this 
reaction could also he «mijiloyed for tlie analysis, 
both of crystalhne indiean and of that present 
ill the leaf extract. The reiuiinn takes jilace 
with extreme readiiicas, for vnth iiuliran solution 
at a dilution of 1 in KMKt, tiie nho\'<’ eoiiijimiiid 
quickly Hcpnmte.s, and even at I in KhtjtMi the 
condensation can he obnen’cil to take place. 
Piporonal and indican in (he iiresence of dilute 
ttcid jdeld the anulogous conipoiind 
orange-coloured needles, tup. -2«1 . hut 
this proeesH, iiiuler anaivtical eondilions, uavc 
only ftpjiro.Miuati'ly satisfactory results. As a 
aido issue, p-hydnixyhcnzalrlehydeindogenide 
(iijHjiOjiV orange-red needles. ni,}i. 2<!7 
and (linyclroxyhen/.aideli\<lein(logeMi(li' • 

orango-red neodles, lu.p. 2(i4 -2ho , Mere pie- 
parpu from indiean. The latter compound 
derived from protoealeehiiic aldehyde dissolves 
inconcenfratedsodium hydrf>xidc, with a hluiah 
violet coloration, and dyes Mith niordanted 
woollen eloth well-didined wliades. 

On the other hand, wlum indiean is hydro- 
lysed with acid in the jircsence of an oxidising 
agent it docs not ajqx-ar jiossihle to ohiain a 
quantitative yield of indigotin. llar.ewmkel 
(l.c.) stateft, in regard to this jioint, that acid 
oxidifli^ agents eonverl indiean into indigo, 
and this in turn is oxidisi’d by an excess of the 
reagent, lly the iisi' of h-rric chloride and 
hydrochloric acid, Jloogcwerff and ter.Meulen 
obtained from the pure glueo.sidi' only iM p.c. of 
the theoretical quantity of <■ dounng matter, 
which ttppeart^d to contain indirubin, and m os of 


clilorie acid, and the temperaturo maintained 
at (W'\ 

When, however, Iho ojieration was oarriod 
nut at 70^ less colouring matter a'as obtained 
(H71> ji.c.), and. euriously enough, roplacoment 
of the hydroi hlorio acid by an equivalent amount 
of sulphuric acid ga\'c, under similar conditions, 
a much lower result. 'I'lie delieieney in the yields 
given h} these air oxidation jusiccshi'h m'os duo 
to the fart that a |K>rtinn of tin- indoxyl had been 
conveiteil into Huhstaiici's other than indigotin, 
■ind It uns observed tlial uhereas in the case of 
liydroelihuu- acid the filtiati* jxisaessed a fialo 
vell.>M colour, that ronlaiiniig Hulphiirio acid 
h.ul u broMiuT and darker tint. Indirubin was 
also present in these mdigo prepandumH. 

\\‘hercas Silinnrk {l.c.) ha<l descriliod the 
production of various brown sulmtunces by the 
action of (hliite acid.s on bis indiean, and 
Srlmni-k ami Hoenier (/.r.) had obtaim'd n brown- 
velloM compound by means of livdroohloric acid 
in aliwuue of uir, fh(' beliaviour of the j>uro 
eryslallme ghuosKie in this rcspei't was studiwl 
by Peikm and IUon.iiji When HKl e.c. of u 
•I p.c. solution of indiean was treated with 3 o.c. 
of stilphiMic iicid, and digested iit a boiling 
leinpcraltire, the liquid, at tirst. yelhiw, liecainc 
hronn, a btoMii resinous suliHtunce, together 
with a little iniiigotin, quickly M-piirated, and 
the [ire-eiice of indole M as observcfl. The 
piodiKt of tfie reaction was almost jileiiticai 
in Mcight Mith that icijuin-d by the amount of 
iiKloxyl which the ghicoside would yield on 
hydrolysis, and ronsisteil chiefly of a dark 
n'ddisli-hrown powder (u), sparingly soluble in 
aleohol, together with a small quantity of a 
sninlar, tliough more n'adily soluble sub- 
stance {h) > Analyses of in), whieh is termed 
ififhtxtfl hroii'n, gave (’-AlH'Kl; I!=s 4 - 10 - 
iV-=!)*;M, figures almost identical with those 
found lijithc same authors for the main con- 
si it m-nt of indigo btYiwn, and though thono two 
lirnduets differed from one another in certain 
minor reB|H‘ctfl, there could \n) no doubt that 
tiicy were closely allied. 'I'lin more readily 
soluble substance {//) also closely resembled tho 
ifldox yl brown, and gave on analysis N = U*65 p.c. 
Indiean, wlien treaterl with cold hydrochloric 
acid in the absence of air for 90 hour*, gave 
indoxyl brown and a s/^)luble brown substonoe 
similar to that deseriU'd above (Perkin and 
Thomus). 'J'he acid filtrates from the indoxyl 
brown jireparations contained dextrose, and 


doubtful purity, flaunt, Thomas, and Ploxam 
who examined the behaviour of am- 
monium peraulphate. a reagent suggcsti-d by 
Rawson for the analysis of the plant extract 
(Report on the Cultivation and Manufacture of 
Inffigo, Mozzufferpore, 1901; cf. also Bloxam 
audLrake, Ualsingh Serai Kejxirt, 1904), found 
that the prooesa wa* far from quantitative with 
pure indiean, and that the yield of colouring^ 
matter averaged but B2 p.c. of the theoretical. 
Perkin and Thomas (l.c.) studied the effect of the 
hydrolyus of solutioos of indiean with acid 
during the aspiration of air through the liquid, ' 
under varying conditions of temperature agd 
oonoentration. The most satisfactory yield of 
pore oolouring matter (93*5 p.c.) was {^oduced > 
when air was passed during eight hours through | 
a Kffvtfam of 0*5 gram of g^coside in 550 c.c. t 

of water acidified with 15 c.c. of 33 p.c. hydro- 


tliis was identified by means of its osazone, and 
also by the preparation of its acotyl derivative. 

The indigo enzyme discovered by Schunok 
(l.c.) has Ixjcy ela'.jorately investigated by the 
Dutch chemists. Boyerinck (Pror, K. Akad. 
Wetcnsch. Ara.sterdam, J899, 1, 120) oxtraote 
the finely divided leaves of the plant, first with 
cold 9t> p.c. alcohol, and subacqaontly with more 
ililub- alcohol, which removes chlorophyll* 
indlcAtf, wax, &o., and leaves a snow-wmto 
higlily activ^ powder. From such preparatiemr* 
the enzyme itself could only ])e imperfectly 
removed, for in water it is almost insoluDle^vefy 
sparingly so in glycerol, and rather more readi^ 
in 10 p.C. solutions of sodium nab^inm 

‘ According to Perkin fCbem. Soc. Irsns. 1915, 
109, 2111 this operation can be so conduct^ that tiM 
total amount of nltroBen prnest tn tMs prodootii 
approximately equivalent to Uiat possessed bf the 
Indiean orl^nally emp^yed. 
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chloridfiH roRpootivcly. The residue which 
rotnftins after extraction in this W’ay is not 
j)cpcej)tii>ly Iohh a<;tive than before treatment. 
A minute Hfudy of these leaf preparations was 
onrn(“tl out by Jbtvcrinck in regard to their 
behaviour with partly purilied indican solutions, 
and he indicateH the effect of temjKTature on the 
intenHity of the hydrolysis by means of curves. 
Among numerous points of irjterest it was 
observe,!! that ammonia quickly destroys tlu' 
enr.yme, and also that cmul.'^in slowly hyilroiyses 
iniliean, altliough the intensity of its aption was 
only one-twentieth of that of hititijojera enzyme 
preiia rat ions. ^ 

Hazewinkel (ihnl. 1!KH). 2, .Mil" who also 
investigated the subjeet in IHbS, arriveil in- 
dejK*n(l(‘ntly* at Heyentuk's conoluHionM. Finil- 
ing that eiiiulsin aeti'd on imlican solutions be 
ealh'ii tlu' imlienn enzyme iiidimiilsiii. and (on- 
sidered that a 10 p.e. solution of sodium ehli'iide 
is the best medium for diH.solving it. A veuy 
inten-sting point whieh he mentions is tliat 
during fe.rmentation no iiulii'an passes from llie 
leaf into the surrounding iKiuid, 

In the ]iaper of van Htjmbnrgh {ifnd, 1S!M). 
2, 1144) allusion again is mntli* b) tlu- insoluble 
eharuetcr of tlie enzyme, ami to tlu* activity of 
emulsm with wdutmns of imiiean. Kinidiy, 
lieyerinek {ihid. MHJU, .‘I, H>}) demonstrated that 
the ferment jiresent' in woud, imt\A is 

not capable of hydrolysing imliean, though it 
reacts with isatau, the peculiar indigotin yielding 
principle of tliis plant. flergtlK'il (('hem. Soe 
Trans. HK)4, Ho, S77}, whose pajier eovers ground 
already traveiwod by llazewnikel, lb\yerinek, and 
van Tiomburgh, (lonsiders that the ilillieuity 
which oeours in extraetmg the enzyme i.s due to 
the i>rosonc« of tannin in tlie leaves (c/. brown 
and Morris, (‘hem. Soe. Trans iHbH, (111, (i(i4). 
Ry pounding the loaves with hide poAvder the 
tannin beeouies fixed, and a very activy solution 
<»f the enzyme ran be ('btained. 

Ter Meulen (Hoc. trav. ehim. 1!M)5, 24, 444) 
is. however, in agreement with the other Dutch 
work referred to above, as is evident from his 
statement ‘ L’enzyme de I'lndigo est m.soliilpli! 
dans fbau.’ According io (Jaunt, Thomas, anti 
llloxam (/.r.). Hcrgthcil’s jiroduet is mU a true 
solution, as the enzyme is entiiTly removed from 
it by means of a Horkfeld filter. Thoma.s, 
Perkin, and Bloxam (Cbein. Stic. Trans. tb\ 
829), again, point out that there is no certainty 
of the presenco of tannin in the leaves of the 
/. AunuUraiut and I. arncUi, ami that any tannin 
matter if originally present would be eliminated 
during the repeated extraction of the material 
with aleojiol. As the result of their uxjAoriments 
the insolubility of the enzyme was confirmed. 

A Btiwly of the hydrolysis of purt'- indiean by 
means of the enzyme ana subsequent oxidation 
of the indoxyl solution with air under varied 
conditions has been made by Thomas, Perkin, 
and Rluxam (kc,). The fermentation was carried 
rout in an atmosphere of purified h\^.lrogen, and 
temperature and dilution of the solution 
in bqth this end subeequent oxidation pro- 
oees were so arranged as to fairh' approximate 
the QcdilUl^ &otc^ routine. For full details 
of appacAos and the aaalyiioal precautions 
adorasd ^ otigmal psper most be consulted. 

The ranHs of this investigation show that 


somewhat rapidly, and that by employing 2 
grams of tho enzyme and I gram of indiean 
under the conditions of dilution stated, tho 
reaction w’as complete after 2 hours’ digestion at 
50°. 'I'hc solution, though free from indiean, 
contains, however, leas than the theoretical 
amount of indoxyl (9‘! p.c.). This is due to the 
fact that fiomo quantity of the indoxyl (4 p.o.) 
is oecliided by tho enzyme jiowder, and it was 
found that by increasing the quantity of this 
Iiiller a eorrespondingly greater lo.ss occurs. The 
nthidual d(;iicicncy (If p.c. approx.) arise.s from the 
mstability of indoxyl itself, which oven in an 
atinos])}i(^/(‘ of hydrogen at 50° is slowly con- 
vert(‘d into a product which is incapablo of 
giving indigolm on oxidation. This jiroperty, 
wliieh iH ii'ferred to as tho ‘ decay ’ of indoxyl, is 
imieli mor(^ evident w'hcn the digestion with the 
ierment i.m prolonged for several hours, and tho 
<‘xpii'iincnts of these antliors indicate that by 
Hueh a treatment for 150 hours, at least 20 p.o. 
(»f the nnloxyl undergoes this transformation. 
On lli«' oIIkt hand, at 15 ', m an atmosphere of 
hylrogen, the indoxyl solution is comparatively 
stable, and on standing for 24 iioiirs, experienced 
ii loss !if only 3 ]).c. 

According to Bcyerinck (l.c.) great attention 
should hi' pan! hi the degree of tho acidity of 
indiean sfiluLions wdiich are undorg'uug fermenta¬ 
tion, and this is eorroborateil by Thomas, Perkin, 
and IlloNam. Thus, hy the jirescnee of a trace 
of sLilphune acid, during the fermentation, the 
deeiiy of the indoxyl is jiractJcalfy inhibited, and, 
moreover, by the luidilion of a furtluT quantity 
of tlie acid at the eloso of tho operalum, the 
oceliismn of the indoxyl by the enzyme jKiwder is 
iilsii jirvvented. As a result of this procedure 
tho solution contained 99‘5 ]).e. of the theoretical 
quantity of indoxyl. 

AV^hen a dilute aqueous solution of indoxyl is 
oxidised by air tho reaction le more complex than 
has usualiy been considered the case, and a 
qiiantitutivo yield of indigotin is not produced, 
'riiomas, Perkin, and Jihixam have, for instance, 
found that tlie indoxyl solutions produced by the 
enzyme liydnilysip of indiean, when trcatiid with 
air at bd , gave only 88 j).e. of the tbooretical 
({luintity ('t indigotin, admixed with a little 
mdii'ubm. It thus apjiears evident that in 
adtlition to the oxidation of indoxyl to indigotin 
some secondary reaction occurs, but of the 
ohoinieiil nature of this cliangc there is ns yet 
no certain evidence. ’I'he isolation from the 
indigo thus jmiduoed of trac(‘8 of substances 
resembling indoxyl brown or indigo brown 
indicates the effect, at least in part, of a con¬ 
densation similar in character to that which ia 
involved in the prcKluction of the former product. 
Moreover, the faltrate from the indigo, which ia 
prejiared in this manner, w as invariably of a dull 
yellow colour, and yielded, by extraction with 
.ether, a small quantity of a yellow’iah-brown 
YBsin. 

This secondary change of indoxyl is facilitated 
by the presence of potassium acetate in the liquid 
during the oxidation, for by this means the yield 
of indigotin was decreased to 81 p.c., and tha 
filtiate obtained from it po aooo B o d a rich di- 
chromats colour. It has long been known that 
the oxidation of indoxyl eolntions, in so far w 
the crude fennoit^ factory ^uld is oonoemed. 
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water, and iho flubjeot has been discussed by 
RawBon and by B^erinok (Ic.). According to 
Thomas, Perkin, and BIr»xain, the einploymcnt 
of a small quantity of either of these reagents 
during the oxidation of the induxyl thTived from 
pure indican was Iwnofieial, and an inen‘ase of 
about 5 p.c. in the yudd of indigo thus took place. 
On the other hand, the additiT»n of only n 
of these coinpouiuls is advisahlr*, becau.se Hliould 
an excess he ])resent the'amount of indigo 
prodiicwi is rather decreased than incieasod 
thendm 

But whilst both ammonia and lime v^ati'r m 
suitable amount partially inhilut the l•cotulal•y 
cliange f)f the indoxyi nderred to aliove, a thiul 
factor, well known to manufaeliin rs, eome.s loto 
play. uliieh is rejire.sented by the production <tf 
notable amrjiints of UMlirubin. J-’or the forma¬ 
tion of this colounij” matter i^atin is necessiuy, 
and It is likely that, in lh(‘ presence t<f a large 
amount of tlic above reagents, an e\c(‘,'si\c 
production of this snbsl mice occui.s, and mci a veins 
the decreased yiehi of imiigo uhicli. under tliesi' 
circunnstHnce.s, has ln-en shown to take filaee. 
Jt has, in fact, been pointed out by i‘crkin 
(Chom. iSoc, Proc. ltM>7. 2‘.i, .‘H)) that traces of 
isatin exist in .lava indigos, %sliieh uk* rich in 
indi^uhin. 

(..'uriously (uiougli the presence of a tiace of 
hydroehlono acid during the oxirlation nets in 
the Hume manner as arnmoniii, tliougii to a less 
extent, in increasing the yield of eolouriiig matt it, 
but in this ease the reaction proi'eeds miieh less 
rapidly. The employment of pure o.vygeii uitii 
neutral solutions of induxyl gives l}-4 p.e. less 
colouring matter than is oiitained uhtm air alone 
is oni])loyed, uhereasin pri'senoe')f mnnioina the 
yield is hut little aiTeetotl. The luldilion of 
Chile saltpetre to the fenuentation vat has been 
a oustoni of Indian ]>lanters ii>r Hoino time, and 
IlaWBon (Report on the Cultivation and ,Manu¬ 
facture of indigo, 2nd ed,. stati's that 

although no increase of eoloiiriitg mutter is thus 
jirodupcd in the oxidation vat, the [ireeipitate 
Hetties better. 'I'lie lalioratmy exjuTiments of 
Thomas, Bloxani, and Peikin with [uire indicaa 
corroborate this staf<'mcnt. Kinally, then^ i- 
but little diflerenoe in the yicl<l of colouring 
matter exwrienced when the solution of indoxyl 
is oxidisea by air at cither Ik) or (K)', although, 
if anything, the advantage la in the case of tlie 
higher temperaturt'. 

As a result, therefon^ of tin; eni})loyment of 
acid during the enzyme hydndy.sis of mdican, 
and oxidation of the resulting indoxyl solution 
under ft^jhly alkaline eonditious, the l>ost yields 
qf colouring matter have been obtained. On the 
other hand, it has not Ixxm found possible either 
with synthetical indoxyi or mdoxyl dcriM-d from 
indican to obtain a quantitative yield of pure 
indigoUn or of an admixture of this colouring 
matter with indirubin. In regard to the bearing 
of this work on the commercial proonss, Thomas, 
Perkin, and Bloxam suggest that the effect of 
the addition of a small quantity of sulphunq 
or oxalic acid to the fermentation vat should be 
studied They eonaider, however, that the most 
satisfactory laboratoiy results on the preparaticA 
of indlgotin from the plant extract, or from pure 
indiryn -n ^ ^ given woen the Boinrion is hydro' 
lyaed by hywMhloric add, with dmultaneous 
oxidation by dr. The cost of not water extrac¬ 


tion of tho plant is, however, oousidored by 
Hau'Bon to be prohibitive. 

Bacterial fermentation. Though in tho 
manufacture of indigo, hydrolysis oMhe indioan 
is mainly due to the action of its speciHc euzymo 
ludimuiNin, it ih well known that the bacteria 
whi<‘li HIV [ires(*nt exert n similar although minor 
effect. 

In ISST Alvarez {('ompt. rend. lir», 280) 
iHolati'd from an e.xliaci i.f lh«' indigo plant, an 
orgiiiurtm ii'icill'.i.-’ iin/n/fjyrniiA, which was 
c(i[i!iblc Ilf pidducing this fermentation. Beye- 
rmciv (/.f?). uho HtudiiHl the niatt4’r in con. 

Miierahlc ilH.iil. p.un(H out that u Hunilar eHoet 
is j)ioiiiii('<^>y intccting tinligo plant infusions 
with gulden soil, and that in this case the 
com nil ui giis producing haclcrm jMjrfffrm the chief 
jiurl .Vh.uc/, lie HuggcHt.H, went too far in 
insHting on tlw i'\istcncc of a sjx'citie ba<*terium 
in mdigo fci mcntiitioii. (»ii the oilier hand, 

Hcigllicil (/.,) consid«TM llnil. at least one 
oiganism capable ol jimdin-ing indigo ft'rmonta- 
hon o mvaij.ibly f.iuml in large quantities in an 
infiiMioii of the piaiit, 'I'hiH eorrcajionds very 
eloscly uifh Ihe desciiption giv<>n l)y Alvarez of 
his UiK illii.y itiih//ixjriiiiM, and ih no doubt identioal 
wiUi It. 

MANTlIMCTt kl'; ol' iVDIUO. 

Water. I'lm* ualer in large quantity is 
ntacsAiuv for the maniifuetuiv of natiinil aidigu 
(Ctookes, Handbook of Dyeing and (lalioo 
i'niitiiig, iHTf; Indigo .Manufootuiv, Hridgog. 
j Lee, R.iukoii, Itepoit on the (.'ultivauon 

un<i .Mtuuifacitii'c oi indigo, MK)2}. W'hen such 
IS not available, lin<iges-ia-e tvuornmends iU 
puiiticution, it hard, liy treatment with lime 
water, and should inueh organic matter be 
jiresenl by tho use of permangaiiaUs liaw’son 
alno I.iys rttiesH on tins )iojnt, and recommends a 
similar mcliiod of plo(:edul'(^ In s{>ocial oiroum- 
Htiinces ffic employment of ulumino-ferric is 
advisable {Bergtheil, lltO'.t). As tho duration 
of ilic fermentation varies with tho temperature 
of tin- waUu', Jtawson rei'ommends, in case this 
.sliould be lower Ihan !HJ J-’., a preliminary lioadng 
imthc iCHervoir. 

Fermentation. 'I'lic duration of this proeoas 
IS given by ( 'rookes {l.c.) as 0-14 hours, according 
to the jirevalling temj)eratnrv of tho wat«r, 
whereas (ieorgievics (I>er Indigo, 1892) lUg- 
grMt.H 18 hours when the external tora{>erature is 
ito O'C. In very hot weather the fermentation 
is ooinjdeUid in <* hours. According to Rawson 
il.c.) w’hen the teinjierature of tho fermentation 
vut is from iHf' to 92 F. a 12 hours' steeping gives 
the b<*st result in th • ease of the I. Mumalrana j 
when^as Bergriieii (Indigo JteMuarch ^Station, 

Sirsiah, IftOO) is of opinion that a 10 hours’ fer. 
mentation is sufficient. With the 1. arrecta the 
HtLs.'ping should vary from 13 to hours at 90^, 
(tccordn.g to the indican content of the pUi^t. 

othqr respects, according to Hawsen and 
Bergtheil, thwre is practically no improvement- , 
necessary in the steeping operation aa oarried 
out in well-manned factories. The addition oi 
such chemicals os mercuric chloride, eodiuniWd 
potassium carbonates, lime, oarbolio Mid, 
formaldehyde, and sugar are not of nd^iotage, 
although sodium nitrate, which has been am* 

I ployed by planters for many yei^ PMt, inggr ^ 

I laoilitate the deposition of tlte indigo in the 
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oxidiRinjj vnt. On t)if oilier hftntl, the worh of 
Thomafl, Hloxani. and IVrkiii indicates as fjeno- 
fioiftl the rnrtailinent. us far as possible, of the 
stopping o|)ej'Ati^)n, and the addition of Ruljihiiric 
i.r oxalic acid in siiinll quantity to the vat as 

udvaniafiPouB. 

Hot-water extraction. 'I’ho extraction of the 
iu.lijro plant with hot water has lH*en enijiloyed 
for manv ycarB, and in Ihim roft's ‘ IMiihisophy of 
Permanent ('olours' an ae<-i)unt is ^jivon by Dr. 
KoxhuiKh, dated 171)7, of such a method;— 
‘The hof-water ]>roeeH« he^dna to boused over 
these provine<‘S . . . \iith it they can make 
indigo when the weather ih ton colder the usual 
iirocesH of fernuntation. and it d^ea a more 
beautiful and hi'hter indigo. ... A more com¬ 
plete and eertain extraction ol the basis of 
indipi) is effected by subjecting tin; plant to tlie 
action tif water heated to alxait !;><>' Ibb’l’. 
Ifridgea-Lee (I.r.) claims an udvantaLa* by the 
employment of hot water, and Ih'iiIs the cdntc'nts 
i)f the steeping vat gradually, eillier by direct 
tin* or steam pi]M*s. It is also wo'll known that 
tlie .lava ]ilant(*rs who have* employed tin* 

I. arrccta for flpveral yews past have favoured a 
hot'Watcr jiroeess, and idthouph the exact di'tails 
of their methods hiii e not been rlisi'losed, it is 
eertain that Biilplumc and is also employed in 
the innnufaeturo, Terkin ((’hem. Soc. 'I'l'anB. 
1(H)7. til, -Pk'i) refers to samjilea of -lava indigo 
]ir(‘j>ai’e«) hy threi* distim't inethoils. mz. ‘the 
new proeeflH with hot water,’ ‘ the new process 
with cold water,’ and ‘ tlie old ]iroeeHS in which 
no ehemieals an* used.’ 'rhere eiui he mi doubt 
that by th(‘se hot-water inoci'sscs lla* indiean 
is very ra])idly liydiolysed by the ferment, and 
that the indigo eventually produeeil is of n 
Huperior quality. During this hot extraction it , 
appears preferable, as far as ])OH.sible, to exelmle 
air from the vnt hy moans of a cover, and the 
ncoeiwity in this case i.s easy to undm'stand 
booause the evolution of carbon dioxide and other 
gases which act as a proti’ction to tin* indoxyl 
durinc the ordinary process of fermentation, is 
greatly docroased when operating in this nuinn(*r 
(Hoxburgh, l.c.). Kawson (f.r.). who refers to a 
patent N<i. iri7, IH02, granted to A. Schulte in 
llofe, for manufacturing indigo on these lines, ' 
and also to Honly's ‘ lieating process of 18HS,’ 
curried out numerous cxjx’riments on this 
Bubject with the J. .vmairnnn. In order to 
economise fuel tlie indigo plant wa.s, in the first 
instance, extracted by the accumulalivc methc*d ; 
but, contrary” to cxpi'cUition, this <lid not give 
such good results as a siinjde <*xtraction in 
ordinary vats fitted with perforated steam pipes. 
He finally oonclude.s. howerer. that cxcejit in 
wot or cold weather the hot-watdr Bystem offers 
no advantage over ordinary atix'ping carried out 
under favourable conditions. 'J'hc indigo made 
by this TOethoctwau, however, of better quality 
(7i>-"7 p c,) than that made in the ordinary way 
(GO-55 p.c,). In regard to extraction of ti»e plantV 
« ' ny meaiui of boiling water, or ontraction by 
steamilUb Rawson considers that the cost would ' 
be nrdhImtaTb. , * 

vfliea the fermented liquid is ran into the 
Yat, the Te«idual plant still contains a 
of indoxyl. The question of a 
^•oadsfeMlto in order to recover tnia is referred ' 
10 % a^Qh as «riy as about 1797; he 
eoimyi that a considmble economy would > 


probably bo effected thereby; but Rawson’s 
(l.c.) experiments in this direction gave on un- 
■ successful result, 'rhomas, Perkin, and Bloxam 
(I.r.) suggest that the employment of a slightly 
acid water for this purpose should b© advan¬ 
tageous, and that the amount of indoxyl retained , 
hy the plant residue is probably greater than the 
■» p.c. (on the total colouring matter) believed by 
Raw'Kon to be present. The extracted plant, 
kiiDWU ns ‘ SRct,’ is k valuable manure. 

The oxidation vat. Although the oxidation 
, of the fermented Uquid was until very recently 
earned out to some extent by ‘ hand beating,’ a 
method f.mctised over a century ago, according 
to liiineroft {I.r.). this operation is commonly 
(dfeeied by machinery. The apparatus ^ is 
iileuluai witii, or very similar to, the ‘ bating 
wlieel,' a iimleBS wlieci, the spokes of which are 
paddle,S, and which is now rere generally em¬ 
ployed in Jndia. Geneste in IHH8 patented the 
piiiupine 111 of air, and itridge.s-Lce (/.c.) in 1891 a 
slinwer-lmtli airangeineiit, as improvements in 
tlie iiietliod of oxidation. Rawson, again (1902, 
Eng. Pat. 17:i), proposed to treat the liquid with 
aeui and an alkaline jicrsiilphate ; liut although 
exeellellt results were, obtained in the laboratory, 
these were not satisfaetory on tho maiiulaeturing 
scale. As the outeorae ot an elaborate investiga¬ 
tion, Kawson ennsiders that the oxidation of the 
feriiiented liquid liy blowers and compressors is 
superior to wheel Ix'ating, the yield being thereby 
inereused about 20 p.e. 

It has long been tho custom to facilitate the 
iie]Kisilioii of the indigo by what wore termed 
' iireeipitanls.' and experiments are rocurded by 
Uoxliiirgli, wlio employed for this purjioso 
ammonia, stale urine, euustie lye, lime water, and 
potassium feiTooyanide. That such chemicals 
iiiust lie eoiisiderod to have assisted in the more 
rapid oxidation of the indoxyl is cortain, and 
tlicir ciloct is not tei bo confused with the more 
settlement of the indigo hy the use of slaked lime, 
ns adopted by the Clinieso. 

In 1894 tloventry patented a jirocess which 
was based on tho employment of lime under 
certain eoiiditioiis. The invention consisted in 
the employment of a special vat intermediate 
lietwecii the steeping and oxidising vats, in 
which the fermented liquid was treated with 
lime. A copious precipitate of calcium and 
magnesium carbonates was thus produced, which 
oil settling carried down various impurities. The 
supernatant liquid was then oxidised in the usual 
mminor. Tho indigo thus produced is somewhat 
contaminated with lime, and the remoyj of tliis 
is subsequently eileeted by the addition of a 
curtain amount of acid to the ‘ mol ^ in tho boilor. 
Indigo prcjMircd in this manner is of supenof 
quality, and although not (^ual to the Java 
product resembles the latter in containing some 
quantity of indirubin. According to Rawson a 
Bubstantially increased yield of colouring matter 
is given by this process. 

Caustic soda added to indigo liquor before 
oxidising behaves very wmiUrly to lime, <» 
the large scale gave an increase of 43 p.c. oa dry 
indigo as weigbeda Sodiom peroxide also 
average increase of 33 p.c., but on the wh w 
was nat so serviceable as caustic soda (Rawstm)* 
The oxidation ol the fermented plant 
in the presence ol ammonia, first menUooM % 
RoxburcKli.f Was patented by Mlohea in l87fi, 
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^liercAs Goliettte in 1889 suggested the use uf faetturers in liiu Kasl ludies to purify their iudtgu 
eaustio soda and ammonium sulj»hato instead t)f by boiling it with water and fossil alkali (soda)» 
liquid ammonia itSdf. The um) uf aiumuma is H'horoas ^>xburgh, as well as de Cueigny, ttwoin- 
raentioned as benchcial by OiH)rgievios {l.c.), and mcnde<l also the action uf u diluted suluhuric 
there appeara<to bo no doubt that it is su|>eri<>r acid. The muro general pi'oee<iure, until very 
to the other reagents ahich have c'n)pl()ye<) rwently, in India has ct»nsist<‘4l in tuoroly boiling 
for this purpoM*. In its ])^^^ 0 IK'e tlie indoxy! is the Roini-llmd indigo jMste in a largo cauldron, 
rapidly oxidis'd to indigoUn, and the precipi- but the udditicui of dilute sulphuric uoid a]>])oarM 
tatod colouring matter setlles 'J'be more now t«> Ik' generally adopted. Accordmg to 

gonoral employment of ainmonia in imiiu has itauson t)ie <juality of the imhgo nmy bo in this 
reauitc<i from the work of Kauaon, juid its use nay imprtived .'’i-lO p.e. At the close of tho 
in conjunction with tlic sUuiru inj«’elor bluner ojK-riitum tlie mdigo is allowed to .settle, the acid 
constitutes the most iinpinl.int improvement IkjukI run off, and tlie precipitate treated with 
whieli he has reeomniondcd to the notice of the Iresli waTi-r and again boiled, 
indigo planters. The procedure a(i*»pted }»y 'J'he .subse(|iieni, tilti-nui', pressing, and drying 
Jlawsun consists brictiy in connecting tiu* outlet operationf^t ull for no s[n-( uil euuinient. 'I'ho 
of an atumoma still (eontmning liiiic and am slow drying of the product ti[i{H^ans to be most 
rnoniuni 8ulj)hate) loosely with tlie steam blown, acKuiitageous, and iii tins way an iiidigu of 
so that uheiiin action, ammonia, an, and steam shglitly higlici pereentajic than wluui the iimss is 
arc injc'cti'd mto the vat by means ot peitoiated dn<'d artitieially is obtanuai. 'I’his is accounte<l 
]>ipi's laid at tlu- bottom of (}i<^ ie<-eptae!e. for t)\’ the ffut that eiutam im{iuritics of the 
})uring tlie o|K.‘ration the teriijuiatuir rise.s mdigo ni the presence ot moisluro undergt* 

IO'’-ir> F., ami the o.vidation js ?a|a<lly com grmlual dei oinposition with evolution uf am- 
]iletc<l. d'he einploymeut of ammonia ga.s am! nioma and oilier guses. 

htoiun m connection w ith the ficating wIk'cI give.s ibiggs (I'al. Spi-e. UlL’, l!H)(») tievised an 
also satisfai'lory le.sull.s H\' tliese metlKxls apjiurolus bu’ flrying tlie imiigo jiaste, and 
Jiftwson dceteiilii's itieri’asi-s m the yieUls of iliy HiinultaMcoiisly eonvcrting il into powder. An 
indigo, varying from ;1T In (id S and ( oiiHuirrh iliustnition of tins machine, essc'iitially u re 
that the avenige ineteiiM' <if ( oloiiiMig niatti'i- IS volvmg driini, appeals m Ileiglheii's UejHirt, 
alioiil ‘Mr p.e. as eoiiip.ire<t witii that given b_j llie I'.KMi, 12. Allemjits, nmreover, aiv bi'ing made 
ordinaiy o.Mdi.sing jiroeess. to pJjvce natural imligo un tho market in the 

On the Ollier hand, Hergtlieil (llcpoit of 11 m‘ jiaste form {ihtd. 191b). 

Indigo Heseareh ytalion. Siisiah, llKhi, b) states 

that the ammonia proei'ss clTeets very little, if Uivstih knts oi' Natikal. Indkio. 

unv, lmpro^’enlenl. over ordinarv oxidising when In additiuti to indigotin, natural indigo 
this is earned out under ojilimum conditions of contaius varying proportions uf imliruhin, mdigo 
8])eed, weather, (tc. brown, indigo gluUm, and mineral matter. 

AfUn- the indigo has w-ttled in the \at, the ; Indigo yellow oi Uem]ifer(>l is also present as a 
supernntatit iirjnid, or ' siadii ' water, is run off rule when tlu' J. arrtcta has been cinployod f<ir 
as comjiletcly as possible. ’I'his seeth watiT, as the manufiK’ture. 

a rule, coutums more or l(*ss < olonring nialli i in IndiniWn, 'I’lic identity uf tho nalnral iiidi* 
suspension, and it is (lining tlii.s upi-ration that a fubin or mdigo red with the artificial product 
considerable lo-ss of mdigo occurs, which may })re]»aie# aeeurding to Ifacyer s inothod (hr.), 
reach as much as 2t) p.e. (Jtawson). This, us a . about wlmh there was formerly some uontro. 
rule, m much reduced by using an alkali in versy, u]*pears now tti be fully esUblished 
oxidising, on account of the readier settlement (Mareblewski and Rud(;hfle, .1. Hoe. Chem. Ind. 
of tho precipitate. Ilawson found that filter I89H, J 7, 4:i4). llloxam at one time (CUem. 8uc. 
jiressing cannot be employed for recovering the 87, 97U) cuiisidered that a re<l 

indigo, but suggesU treating the ‘ seetli ’ water suhstaiiec other than inihrubin wiia presout in 
with an alkali which eau.se.s tlie su^^x‘nded indigo some (juuntity in natural indigo, whercoa 
to moi'e readily subside, (in tho ((IIht iiamJ. Hergtheil (Kf-port of the Indigo Itesoarch Station, 
Bergthcil (1909) recomnicmis tlie employment of Sirsiali, 1900) has stated tliai ‘ decisively there is 
alumino-fcrric as an aid to the deposition of t)n> more than one red body m most commorcial 
indigo pifeipitatc in the oxi<!ation vat. mdig.is.’ 'J'he investigation uf numerous sam- 

Davis (Agric. lies, ln^l. I’u.^a, Indigo I’ubl. pies of the dyestuff by J'brkm aud Bloxaui 
No. 3) recommends the use of I>hak gum to aid (Chetn. Sue. ’Iruris. 1907, 91, 279, and 1910, 97, 
settling and to give a ])rodu»‘t which can be 14(11) indicate, however, that this is not tho case, 
easily filtered and prcsswl. Los.s due to in<;oin- Whereas certain ^ varieties of natural 
plotc settling is often eon''iderable, and whereas notably ,Jav; ami Coventry pioeoM indigos, 
alumino-ferric also pn:*(upifate.H impurities, Dhak contain notahh^ amounts uf indirubin, it is 
gum 1^8 not tliis di.s.uJvantage. In certain probable that a trace occurs in all sample* of the 
eases Dhak gum, which is added tivo minutes luitural dyestufl. That the indirubin originates 
before the beating is endc.'d, gave an increase in from 'u? indican existing in fhe Iwve* of the 
vleld of 7b p.o for .Smuatrana woiking and o# \arioiy sjKJcies of Jndigoftra, and is due Uf pu 
35 p.e with Java plant. No ajipreciable dc* ae'eona constituent of th(^ jdant, is now oerUuOi^ 
terioration of quality is oboerv^. Not only and its pn^duetion is to be explained in all cases 
does tho addition of tho gum give nn increase a.s due to tlie condensation of isatin with indoxyL 
in yield w'hen the condition.'* for settling are bad, Thiurtt has been shown by Thomas, Bioxaih, and 
but agEun when these ore gmsl it causes^io Perkin (f.c.) that mdigo containing indirubin can 
harmful edecU. • bo readily produced from indican^ ^ repetition 

Final tnaSment of Indigo. Aocording U> of tbe factory method, and again, isatin itself 
Bancroft (he.) it was the practice uf some manU' has been Isotatcd from natural indigo rich In A 
VoL. UI.-T. • , » 
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indirubin (Perkin, (,'licin. S(>c. Proc. 1907, 23, 30). 
The formation of the iaatin is favoured by Bfjecial 
eirciimfltanccB such as the oxidation of the 
indoxyi by air in the pn'sence of alkali or aekl, 
and may also lie affected to some extent by 
teinja-ratuR*. Tlmt indoxyl can be converted 
into isaiin \MLhout an intermediate formation 
of indigotm has been shown by the liadischc 
Anilm und Soda-l'abrik (J). Jl. J*. 107719, 189S), 
and it has IxH-n found by I’erkin {Chein. JSoc. 
Trans. ]!)<)9, Ho, 847) tliat indoxylic acid, on long 
siuiniuig in tlic j>reMenc() of moist air, is cfuivcrted 
rliU'fly into indindun, although Home ijuantitv 
of mdigotm together with a Hubstance, jirobably 
indigo lu'owii, ami tiaees ol isatm are Hiniui- 
tuneousiy jirodueed. Again, if has been pointed 
out ('riionias, Hloxain, ami l'«-ikin) that the 
nidiean present in lur-drH'd ieavi's of the mdigo 
plant slowly disajipears, ami, neeoiihiig to 
Perkin (inivate eonirnunieiition), this is aeeoin- 
jianied in ino.st eases hy a develojiinent in the 
leaf ol considerahle {juantities ol indiiubiii Jt 
ujipears jimbuble that this so-ealled ‘ seeondniy ' 
oxidation ut the jmlox\i jiroceeds ai curding to 
the follow-ing Hchenie ; - 






'.Ml 


"Nil 


•Nil 


,.('0 


and limy also be imliieetl) the eauH(* of the juo- 
duetion of indigo brown. The following arc the 
K'snlts of aiialyHes illustrating llie })erceiitages 
of indirubin and indigotm in eertiim indigos 
(lUoxuni uiid iVrkin): - 

JaiHt //wfii/O.-•• A'ta' nith haf ii'olo 

'I’olal colour- 

Hanipli.- iiig nuttier liiiligollii liidiriiMn 
J. 75 •20 07 ■70 7 43 

2. 73-00 l>3'8<) »'51 

0. • 02*91 57 35 5-OJ 

JiUKi mdif/o.—Iirilh wld^^^ivUr 


7. 

72*88 

09*23 

3 Oli 

8. 

71*02 

06 35 

4-04 

9. 

58-30 

55'61 

2'15 

Java 

itidigu.— Old 

pioCms xvithoui 

chemical' 

13. 

' 74 96 

72 80 

i 74 

16. 

ti9 51 

08-20 

0-99 


(itvi )iiri 

/ proaHS mdigo. 



01 'TO 

50-03 

5 23 


Finally, llloxam und Porkin leler to an 
ahiiorniaJ sample of luhorntory mdigo prepared 
from pure imlieun, wliieh eontained 88 9 p.e. 
of colouring matter, and of this 25'83 p.e. con- 
Hist^ed of indirubin. 

Though indirubin was at oho line cousidci-ed 
to be a valuable constituent of natural indigo 
\rj. Kawson and Kiiecht, d. Koc. Dyci>, 1888, 4 
Huuimcl, tbtd. ; and BergtlKul, Report Indigo 
Reuearch Station*. Sirsiah, 7). it is now 

knoWn that such is nut the case. FasalJMitt. 
K. Tech. C«ew.-MuB. Wien, 1895, ii.Jid7)'found 
that the shade of colour given liy an indirubin 
vat iKsiame bluer fnmi day to da\^ and that this 
was ihie to the formation of indoxyl the 
further reduction of the leuco-indiruliin. *AIoro 
recently I\tkin (Chem. Sue. IW. HK)9, 25, 127) 
Jios ehnwn that in addition to indoxyl, ozindole 
IS simultaneously produeed, and this is in 


harmony with the formula assigned by Baeyer 
(he.) to this substance— 


[ 

NH- 


;C ■ -C. 


•UO ■' 


.'COv. /I TT 


I In vat dyeing, tlicreforo, indirubin may time 
I jiroduce not more than one-half its weight of 
I imhgolin. Mattlu'W.s (J. Soc. Chem. Jnd. 1902, 
I 21, 22), again, fjomts out that indirubin requires 
; for reduction a iiiueh stronger reagent than 
; indigotm. and as a result, in practice, the greater 
i ])urt of tins dyestuff is not attacked, but settles 
I to the bottom of tlu* \at. 

j On tin -tdiier hand, mdirubiii disuljihonic acid 
! 1 ". uccoidmg to Fji.Hai (l.r.) iimi alsit to Kawson 
, und Kncclit (l.c.), h iis(‘ful dyestuff, and gives 
< oloiirs mucli faster to bglit than indigotm disnl- 
phonic n<'id. whudi js jin-sent as sodium salt m 
the ‘mdigo extract’ of commerce. 

I Indigo brown. An important impiiT'ily of 
natiiial in<!igo ih the .so-cullcd indigo brown, a 
product i''ola1cd and cuisoiily cxumim'd by both 
Chcvrciil (Cmclin, Jjandhook of Chem. 1859, 13, 
48) and Ih'r/c'liiis (ibid.) In ordi-r to isolaU' Hum 
substance, Hk* lalti'r chemist digested mdigo witli 
Ijoilmg dilute sulplunic acid to remov<- indigo 
glidi'ii, and siihscqucntly w'lth iiotussium liy* 
dioxide to dis-sohi' the brown. 'J’lie alkaline 
liquid was neutralised with acetic acid, eva- 
por.itcil to dryness, tiie residue digcstccl with 
alcohol, and the solution (vaporutml. Thus 
ohtumed the mdmo brown loiLsisted of a dark- 
colourc'd resin, solubh' in iilkalitK' i“olutions. 
Aecoiding to .Schunek (I'liik Mag 185."). |iv.] 10, 
74, and ihid. 1858, 15, 127) the indiliumin 
i>i'oduce<l 111 conjunilion with other 
brown nmoiphous iiroiiucts by the aelion of 
dilute acids on Ins mdican. is pcrliajis identical 
with indigo browm, 

Perkin and liloxani ((!liem. Soc. Trans. 1907, 
91.279) exlracted Bengal indigo, which had been 
already digested with boiling dilub* hxdrocliloric 
acid lo remove the gluten, with boiling pyridine. 
In addition (o a Filtle indirubin the product 
euiitaimal three substaucea ; («) the mam coii- 
slituent (?), in.solublc in alcohol and 

acetic acid, (5) C| 4 Hj 2 U 5 iN 3 ['{), soluble in acetic 
.icid, and (c) (?), soluble in alcohol. 

'J'hcse eonijioimiLs, the molecular weight of which 
iH uncertain, consist of brown ainoi’phous 
powdem. closely rc.scmbliiig one another in 
g<‘iU‘ral property, and are readily reduced bv 
/.inc-duHj. in alkaline solution with foniiation of 
|)alo brown liquids, ^\’ilcn digestetl with boiling 
50 p.c. potassium hydroxide solution they give 
some quantity of nidhininhc acid, a point wnich 
uulicales that they are derived from indoxyl. 
At the same time a brown rt'sinous substance is 
also produced, and this stmiied in the case of the 
main coastituent (a) CmlfijOaNj contained 
0=71*39; H=4*05; N=7'94, Natural indigo 
further contains a small quantity of a brown 
Vubstance, insoluble in pyridine, but soluble in 
boiling dilute alkali (Ohem. Soc. Trans 1910, 97, 
I4;73), and is distinguislied from the compounds 
above enumerated by the fact that it is not 
susceptible to sulplionation (with 96 p.c. sul- 
pburio acid) or conversion by tiiis means into 
a product soluble in water. In the analytical 
method deecribed by Rawson (J. Soc. Ciiem. Ind. 

I 1899, 18, 251) this brown material, at least in 
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part, cOQsisto of impurity wliich ia currioci down : 
1 - ^ Pf^rpitation of barium sulphate in the 

hquni. There is tow ronsiderabic evideme in 
favour of the view that the ennalituents of indiuo 
brown arc derived from indoxyl durini; the 
nianufatdure of mdigo from the plant. The fact 
that indiean itself, when boiled with dilute iieids 
prodiiees the very similar indoxyl brown, and 
till! isolation of brown sub.stiinee.s, altlioiieh in 
trifling amount, ftom indigo prepared bv the 
hydrolysis of puie nidieaii m the laboratorv 
harmonises with this suggestion 

Doycrinek (Ih-oe. li„y: Akad. .Snen. Amsier 
dam, 899 12(1) observed that ll,e disuppearanee 
of indoxyl 111 a dyeing ivoad ( 
leaf IS aceornj,limed by the a]ipeaiiiilee of blown 
snijstanees Again, he states llml ■ strong a, ids, 
just as alkalis , , f.ivoiir tlie forinaiioii ot 
indigo from indoxyl, but then part of this .side 
stanee eonslantly ehaiiges into a Ijiowinsh-lil'iek 
malter.’ It has a|s„ |,ee„ not.-d In 'I'hoinas, 
lerklli, and liloxani llnil the disapiaaiaiire ol 
mdienn in the leaves of the /. on keep¬ 

ing IS aeeoinpiinied by the format ion ot brown 
extraeliye matter. Jtawson. again (liepnrt on 
t ie ( iillivatmii and -Maiiiif.iet lire of Indmo 
iMoz/,ulT(r,,ore, ilKIl). sav.s. ‘The blower " ' 
by ijmekly getting nil of i'll, g„s , nivvents 
deeoniijq.sifioii of a jiorlioi: „t the eoloiirmg 
matter into wnrthlivss brown siibstanee.s, whieJi 
takes plaee to a greater extent under ntliei 
ennibtions. All indigos, mnieoviT, uiniear to 
eniitain iiidign brown, so that tins jiionertv ns 

m-esjieetive of ... whii h ninv Inive been 

duo to suel, dislmel plants ,ns the I,a:. 
the mitynnuni oi the Lom 

ryilar.icioiv of West Al„ea Knially, i|, haa lieeii 
shown hy Perkin (I r.)thiil among ll.e de(om|,o.si. 
lion prodiiela of eommereial indoxylie arid whieh 

has been keiyt for a long lime, a lirc'.wn .. 1 

exists, which has a very siniilar i,eiveiitaee 
t:on)posi(j{fii, anci jh jirolmhly iflfnljcul with Iho 
main eonstitiieiil ot indigo 'hiowii ft is niiite 
possible thill nidoxylie arid ns |,iodiired rliiring 
the forineutatioii imicess (I’erkni) {<•/. Hanking, 
l.c.j, and may bo, uonoenied in the formation of 
this produet. The percentage ol indigo brown 
soluble in pyiubiio in natural niibgos is vmv 
vanable, uiid iijiiieam to dejicud ujioii tlio details 
of manulactiil'e. .Analyses made by Bloxani and 
Perkin (Chein. fcioe. Tians, 1910, 97 , I 470 ) ,,j,\e 
the following result;— 

■>uia indiyo, Jam indian. Jam hid!a , Vomitru Nca 
nt„: proratt,ndie pr<tcr,a, onhnar,/ imimj llmml 

liotmUtr. coldmitm gram* natiga. nidwe 

si-I 0'2 .fl,-; 8-7 9-uy 

Jt.xccpt in the ca.se of Ihe Coventry process 
indigo, those samples had all been derived from 
the /. ameta. The average amount of crude 
lii^go brown—eoiitaining, however, some 
nimeral matter—in iiuiiicroiis samples of Bengal 
indigo prepared from the 1. auvMlram was 14 1 , c 
(Chem. Soc. Trans. 1907, 297). ' 

^digo brown dissolved in aUralinc liydrii# 
sulphite solution docs not colour cotton fabrics 
though woollen material dved with naturni 
indigo and stripped by the method of Gwn 
Gardner, irank, and Lloyd (f.r.) frequently 
possesses a light brown tint which is probablv *ie 
to the presence of this compound. TliesimouTit 
however, remainiiig in this way on the fibre is 
not snflicient to materially strengthen the colour 


«11 

effect, and tlio frequently asserted suiieriority of 
the natural over the artifieial variety of inAigo 
can hardly tiierefoie lie accounted for lu this 
manner. 

fndlgo gluten, indigo gluten was iimt 
isolated from eriide imUgo hy Jk'rzelius (Beiv. 
.lahresb, 1 Jh), who extracted it witli dilute acid 
neutralised the oMraet with dialk, evaporated 
to < rviiesa ami dissolved out the gluten with 
lUeoliol It, wu.s siibseqiienlly i.rejjiired by 

I(•<- Sue. Chem. 
Hill. J.K)/, gli, 1), who ileaoriheit as 11 homy inaes, 
which on gniidiiig gives a light biscuit.eoloumd 
powder, and when lieated evolves ammonia In 
cake llliligo It iippeuiH to exist 111 eoiiihmalioii 
with imnera matte,, po.ssihly as a eah ill,,, eom- 
pound, for Ihongh itself readilv .soluble in water. 

It can only be leiiloved iroiii tie'dyestnil by 
means ol dilute iiniieral amd A eimsiderable 
I|uanlil) of tins .substance is frei|iieiilly present 
111 iiKli^). aiul I'filvMi aiul Jilo.Mint (/.r.) found 
that Miicri the cjudu xaiiity contjuninL' 

approMmaf. y ly j.u. of ,n.hjr..(;u whm .iiKOHlod 
with tiijiilc liydi'iK iiloric uchI. i( Ifiwt T) p.c. 
,01 its \\ci;/M. 'I'liiH fii-iii,. uuf.umlly includoK 
^onic fiuumity of niiiu'ial ruaUcr NiMiultaiioouHlv 
;|'m..yod l.y tlio mid. Jt lina boon MiKKontod 
t lat tluH ('ouipound an important roio iii 
he (ly<-iii^ i)p(‘i'a1ion, aiul iiccoiints in part for 
the alii'gyd snjK'nonty of natural tivcr arlUieial 
iiiiliKo. TIiin [KMid, Jiowuvor, Jww not bei-n 
si.-icntilic'afly invent iuaU'd. 

Indigo yellow. Tlio Ih^t applu-atiou of the 
tcini indij>o yclbiw ’ to a, KiiiiHtaiuif oxifttinL' in 
miliinil indigos ,s due to Bolley and Criiwoz 
(Jiilirc's. iHtiij, ri7;i), who Ntato that it in to be 
found III 11u‘ Jionoal variety, and can bo wolalod 
by Kubiiniation It m dosoribod tus iroldcn- 
yi'llow m'odloH. Hubliniin^; ut J.’IO , and aolubb' 
in hodii Jyr*. (Vudo indi^'o, Jiowovcr. 

no Mibliiiiali' ol tlii.H olianirtoi; (J^erkiii 
(liom. Nou. }>roc. IPOb, IPH). but by Hub- 
imttiii^' rylMicd indigo, or tlio oomnieroial 
Hynthoiioal variofy t<i Hubimiation wdii limiU‘d 
y<‘llow compound 
produood. TIiih Kubstance, 

Jiowovf'r, IB lUsSfiliiblc in alkaline HoIutioiiB ami 
*umot, theiefore, be llio iruhgo vdlow uf Jioilov 
and C.riiihoz. . ‘ 

Buwsoii (.1. .Soe. Cliem. fiid. IS99, 18, 251) 
detected 111 *,Javji indigos a yellow eomjiound. 
Iiment usually to the extent of 2-3 ii.e., 
although 111 one sjjeeiHl sample as much as about 
deeiirred. J his sulistanee was soluble in 
alkalis with a yellow colour; on heating it 
partially suhlmied, and hud the, properties of 
an adjective yellow dyestuff. A more recent 
investigation (Pejl 111 , Chem. ,Soc. Proe. 1904, 

20, 172) lias inclleated that tins in •reality is 
fhtempferol 




■ou 


co/ 


(; 
COH 


/ ■ 


'OH 


a triliydroxyflavonol known to exist (Chem. Soc* 
Trani!. 1902, 81, 587) m the •flowers of the 
DdpJitnium Cfmsolida (Linn.) and other pUirts. 
Ultimately it was shown that the leaves of the 
1 . Iimela, from which Java indigo ■ prciarcd 
contain sometimes as much as 4 p.c. of a gluco’ 
side, kaempftriirin C,;Hj,0,„ almost cofourlew 
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needles, in-jK 20r'-203®, wLieh wheu digested 
with ucid gives kiu‘iii])feroI and rhamnoso 

Tiiis cuinj)ouiid is not hydrolysed by the 
indigo eii7.yjii<‘, and no enzyme has as yet been 
isolated from tlu: plant possesHing such a pro* 
jx rly. Jt iH likely (Chem. Soc. Trans. 1907, 91, 
■130) that the use of sulphuric acid, when luanu- 
fuctunng Java indigo, may result in the con- 
lamination of the dyestuff with kaempferol. 
When the wet indigo sludge or ‘ mal ’ is boiled 
in tiie ‘ mal ’ boiler with addition of a little of 
tlie arid, tlie kacinpfentnn jiresent in the 
adhering water will be hydrolysed, and the in- 
Holuble coloiiiiiig matter remain witli the indigo. 
(Samples of Java indigo more recently obtained 
contained oijy a trace (9'2 j).c. a])]>rox,) of 
kaemjiferol, whercius in a samjile ot the new 
Jlengai indigo iiianufuetured from the /, arreda 
appioximatcly the baine quantity wa^ deteited 
(IVrkin, private commuiueation). If indigo 
Jinxed witli kaempferol is eautiously rubliined 
tlie sublimate llien contains ajipreeiable quanti¬ 
ties of t}u.s yellow eolouring matter, and it seems 
likely, therefore, that this is in reality the mdigo 
yellow ol IJolley and Cnnso/, but tliat the indigo 
exjicnmeiited with h) tliese authors did not, as ! 
tlicy supposed, OMginate from liengal. The 
leaves ol the J. ''iiiiitifrawi, the Indian mdigo 
plant, ountam but tlie inercMl truce of a yellow 
dyestutl ivwemhlnig kaempferol, but aeeording 
to Henry ((llnelin's Jlaiidbouk of (3iC'Ui. 1849, 
13. 50) till' Polyijonmii Umlon^im, or Chiiiobe 
indigo plant, contaiiiK appreciable ipiantitjcs of 
u yellow eoluunng iiiattei. 

fSniiTn Wati:u. 

\VJion ‘seotii’ water, the liquid lioin winch 
the indigo prooijntatu uottlos out at Hie cun- 
elusiuu 0 ^ the oxidation process, is evaporated 
to dryness, yellowish-brown to deep brown 
residues aiu obtained, 'riiese pixidiRta are 
extremely hygroseopic and wlien ground emit 
an odour resembling that of deeayixl ciieese. 
'I'hroo samples of this material were exaiumed by 
I’eikm (Chem. Soc. Trans. IDKi, 109, 211), tlm 
lirsl and most important of which, derned froiq 
water draw n from an oxidation vat in the Turtab- 
phorc factory in India, rejircsentcil 0‘75 ji.e. of 
the origami liquid. As in the process of manu¬ 
facture 100 purls of 1. nmmitraiM underwent 
formentutioii in the [iresenco of 54U jiarts of 
watiT, this rt'sidue corresponded to 4 p.e. of tiio 
original plant. J^anijde (6) consisted ot evapo¬ 
rated droiiungs from the mahl table of the same 
factory and formed {)’77 p.e. of the original 
liquid, whereas the oiigin of samjih' (i) was 
doubtful. » ^ „ 

The samples wetc neutral, m the main dis¬ 
solved readily in water, and those liquids on 
ueidilicatiou emitU'd u strong odour of volatile 
aliphatic acids. 'Ayheu ineincruted, all yielded 
cousiderablo amounts of mineral matter which 
coimisted mainly of the oxides of erfjcium'' mag- 
Vmsium and i>otassium, traces of manganese 
oxide and aluu)iun being also prt^seut. 

When agitated with boibng water, u iinall 
amount of on insoluble brown precipitate 
Hcj^atod which in appearance cloaoly leeombled 
indigo brohm, and was found to consist of a 
mixture of compounds of variable nitrogen 


. content. The main constituent isolated as a 
I dark brown amorphous powder, gave on analysis 
C=65'70; H—5*07; N=&03 p.e., figures 
I somewhat lower than those found for the main 
I constituent of indigo brown (kc.), whereas the 
I more soluble fraction again contained still more 
I oxygen C—hi.'!; H —5*0; N=4'0. From the 
I neutral filtrate a small amount of succinic acid 
' was isolated, tiio mam bulk, approximately 
: 20 p.e. of the ‘secth ’ water residue, consisting 
of a protein-like compound (N---8 22) which on 
lu'ating evolved ammonia and in general pro- 
peity resembled the so-called ‘ indigo gluten ’ of 
crude indigo. It consisted of a friable moss, and 
to the pretf;nee of this substance the very hygro¬ 
scopic nature of the dried ‘scetli’ residue was 
evidently due. 

The following table illustrates tlie main 
reKull-s ohtaiiii'd by the analysis of the tluec 
samples of \seetli ’ water residue 


(U) 

(M 

<0 

I’cr cent 

I’er (;ent 

j’er cent. 

Nitiogen . . 2’25 

: 2 ■77 

2-T2 

Ash . . . 2 7'39 

■ 25-90 

20-87 

Volalil** acids . 2.3 80 

21-04 

—. 

iSueeinie ueui. . 2'2i 

2-18 


Brown mattei . 5‘58 

lli-oa 

Jl-i8 

indigotin . 9 IS 

O'lO 

U-082 

Tm; An.ma’.si.s ot’ 

J Nuiao. 



The methods wliicli liave been jiiuposed for 
tlu’ analysis of nubgu are of a vuned eliaracter, 
ami tlio iitei'iiture upon the subject is extremely 
voluminous. 

The.sc may be elassilied as follows : methods 
(u) involving the I'xtraclioii of imjiurities with 
volatile solvents (ISehutzcnberger, Die Farbstoffo, 
li. 52b); (6) the oxtruclioii of iiidigolin with 
eoul-tar oil ((SUmi, Die I’ruliiig der Zeugfarben); 
with anilme (Honig. Zeit*}ch. angew’. (!liem. 1899, 
289); with plienol (Brandt, J. Soc. Lyers, 1898, 
34); with naplithulene (tfehneidvT, ibid. 1895, 
194); with nitrobenzene ((Jerland, J. Sue. Chem. 
liul. 1897, 198); with acetosulphurio acid 
(Mbhlau and Zimmeniuuiii. Zeitscii. farb. text, 
diem. 1903, 10, 189) ; (c) the extraction of 
indigotin by sublimation (Lee, C'lieni. News, 
1884); (d) the extraction of indigotin by pro¬ 
cesses ol reduction, lime, and ferrous Bulpnute 
(Bcraolius), staniioiw clilorido and caustic soda 
(Dana, Jahres. f. piakt. Chem. 20, 398), zinc and 
caustic soda (Owen, Amer. Ciiem. J. 10, 178). 
grape sugar, alcohol and alkali (Fritzscbe, Dingl. 
)oIy. J. 1842, 80, 306), and hydrosulphito and 
line (Kawson, l.c.); (c) estimation of nitrogen 
(V'oeller, Zeitach. augow. Chem. 1891, 110). 

More important, however, arc the methods 
based upon the titration of a solution of the 
Hulphonatod indigo by oxidising agents (/) 
^/ilorino water (Berzelius), chloride of lime 
(Chevreul, Lc 9 ona d. chem. appliq. de la tcinture, 
iu), potassium chloraU> and hydrochloric acid 
(BoUey, Dingl. poly. J. 119, 114), potaasinni 
dichromatc and hydrochloric acid (J. pr. Chem. 
18^4, 18, and Schlumberger, Bull, de la Soc. 
Mulihouse, 1803, 210, 284), TOtassium dichro- 
mate and oxalic acid (Kinley, Chem. News, 1803, 
210, 284). potassium forrioyamde (Ullgren, 
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Annalon, 13fl, 9fl), and potowiiim pcrmancanato 
(Mohr, Dingl. noly. J. 132, 363); and by reducing 
agenta ( 17 ) soaium hydroanl}>hit.o (Miillcr, Ber. 
1880, 13, 2283), and titanous chloride (Knccht, 
.1. Soo. Dycrn, 1004, 07, and HM>5, 292). 

Finally (A) oolorimclric methods (iJingl. poly. 
J. 27, 54. and 40, 448}; (i) Hoei tnim nnalyniK 
(VVolJf, Zi’itseli. anal. (!hein. 17, 60 , and ibid. 
23, 92); and (k) tlye trial nictlinds ({’hevrcul, 
I.C., and (JroHHinann, J. jSoc. Dyers. 1807, 124) 
have been proposed. 

Of the.s(' inetliods of indigo analysis, modifica¬ 
tions of Mohr'.s pernianganiite ])r(»'(‘ss are most 
generally (unployed. althojigh otfu'i# involving 
the nnluction of Huljjhonated indigo with titanous 
chloride and soflnnn hydrosulphite are 1 “ some 
extent in use. 

The permanganate methods. In order to 
eliminate the error liue to th(“ oxidising aeliun of 
jiei'inanganate upon substaners i»ther than 
mdigolin wltieh are present 111 ngfural indigo, 
llawsoh, who has he<Mi the pioiu'erin this 
has devised t^^o jirocesses. 

Sa]tlng*out method. O'o gram of finely 
powdered indigo mixed with its own weight of 
ground gin.ss is siilphonaled in a porcelain eiuoible 
by moans of 20 e e. of eoneentiuted suliihune 
acid at 70^' for jl I lioiir; the product is (liluted 
with water to oOO e.e. and the liquid filtered to 
remove insoluble impuritie.s. .oO e.e. of this 
solution are mi.xed with fiO e.e. of wat(“r ami 32 
grams of eoninion salt, and after standing for 
J liour tile preeipitati'd sudinin iridigotin sul- 
])}ionate is collected and freed from certain 
soluble impurities by washing wiUi about TiO e.e. 
of salt solution (sp.gf. 1*2). The preeipitale js 
dissolved in liot watiu’, treatt'd with 1 e.e. of 
sulphuric acid, diluted to 300 e.e., and titrated 
wiUi a solution of A’/.50 potaH-siiun jiennanga- 
nate. Tlie liquid gradually takes a gr(‘enish tint, 
and the final disappearanee of this constitutes 
the end point of tlie reaction. Aerording to 
Rawson, 1 e.e. of the A’/oO permanganate corre¬ 
sponds to O'OOIC of pure indigotin (J. Soe. J)yers, 

J 885, 74 and 201 ; A Manual of Dyeing, Kneeht, 
Rawaon, and Ixiwcnthal, IfliO, 817). Such a 
factor, however, according to Bloxam (l.(\) gives 
too high figures even with pun* indigotin, and 
this has been corroborated bv Frank and Lloyd 
(ibt'd. 1913, 226), wdio eonslder 0‘00147 as more 
correct, and with tliis Raw,son (fbid. 1914, 21) 
is now in agreement. 

Barium chloride precipitation process. 0-5 

gram of indigo is 8 ulpljonati?d as before, and after 
diluting with water, but before making up to 
500 C.C., 10 c.c. of a 20 p.c. solution of barium 
chloride are added. The barium sulphate formed 
carries down with it the su.spcnded impurities 
of the indigo, and the clear liquid can be pijiettod 
off and titrated as before. The results are 
practically identical with those given by the 
‘salting-out’ method (liaw.sfin. .7. Soc. Chem. 
Ind. 1899, 251). • 

Bloxom (ibid. 1906, 735)' notes that the 
barium precipitate thus produced is always 
coloured olue, and this is confirmed by Bergthcil 
and Briggs (ilhuf. 1906, 729). The latter authors 
contend that the results given by this modlfica- 
tion of Rawson are therefore too lowg and con¬ 
sider that this defect is obviated by adding 
instead of barium chloride^freshly precipitated 
barium sulphate to the indigo mixturp. 
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(iiruwmann (i7>id. 1905, 308) throws down the 
, impurities from the indigo solution with calcium 
carbonate. Bergtheil and Briggs (l.c.) and also 
Hloxam (f.r.) find that some quantity of tlio 
colouring matt<'r ih also jirecipitated iu this way. 
K-iiceht, iiowever, recoinmeiiils il.s successful 
use even in larger quantity (J. Six'. Dyers, 1904, 

; 97, and 1905, 292) in conneelicMi with his titanous 
i chloride nielhod ; hut hloxRiu (f.r.) points out 
! that sucli b('ing Ihi* enso this can only bo duo to 
the observatM’i* of coiidit ion.s which ait? not stated 
in Kneeht s jiaper. 

Hydrosulphite method. 'Fhis process, devised 
by Miiller (Ber. 1880, 13, 2283), depends upon 
the fa(?fc that sodium iiydroHiiljihiU' (Na^SjO^) 
quantitatively retluees juire indig<jtin sulphonio 
acids to tfieir eorrespomling lemb compounds. 
The solution of the hyilrosuiphite contained in a 
stone bottle is loveicd with a layer of iK'troleuni 
to prevent oxidation anil comu'eteil witli a NUpply 
of hydrogen gas. liv means of a siphon, or other 
convenient arrangement. 1 he luiuid enu be drawn 
into a luiretie. ’.I'iie solution .should ho equiva¬ 
lent to about 1 (• I-. - - 9 ()925 giaiii of imligot in, 

; and the titrations an' performed in an atmo¬ 
sphere of hydrogen or coal gas. 

Titanous chloride method. I'lils reagent is 
, ruiK'li more stable than sodium hydixii^ulphite, 
and Kni'cht (J. Soc. Dyers, 1!K)4, 97, an<l UKlfi, 

I 292) was the first to reVonitnend its use for the 
analysis of indigo. 'Mie apparatus employed is 
similar in clniractiT to that riMpiired for the 
I hydrosulphite ])roeess, and the titration is 
j carried out in an atmosphen' of carbon dioxide. 

, If the reduclKin of the indigotin is effected by the 
I t Itanium chloride in t he pn?senec of mineral acid, 
j no deflnitti <'iid-point can lx* ol)S(>r\*ed (Kneclit), 
hut by the addition of salts of tartaric ueid tliis 
(‘iKl-pbinf IS rendered quit^i definite. 

I Jn working with natural indig?>, Kneeht 
[(Manual of Dyeiiiff; Kneeht, Rawson, and 
' Liiwen^al, 822) sulphonates 1 gram of indigo 
' with 5 e.e. of ](M) p.e. siiljihuric acid at 90'^ for 
; 1 hour. The solution diliiteil to 300 c.c. is 
I warmed and slowly tnuit-ed with 12 grams of 
chalk, cooled, made up to 500 e.e., and W '’.c. Of 
^the clear liquid, to which 25 e.e. of a 20 p.e. 
.solution of lloi'helle salt luiS been added, is 
titrated whilst boiling with titanium chloride. 

On account of the sparing solubility of 
Rochelle salt, litoxam (l.c.) rec'ommends the UBo 
of sodium tartrate, but stat-os that the presence 
of excess of this or of Rochelle salt (as advocated 
by Kneeht) is to bo avoided, or otherwise 
high percentages of indigotin are indicated. In 
the case of pure indigotin (I gram) sulphonated 
with 20 e.e. of HK’p.o. Bulpiiiiric acid, and made 
up to 600 c.c. with water, 25 c.c. oi this liquid 
(containing 1 e.e. of acid) requires 4 grama of the 
sodium tartrate to give quantitative results when^ 
titrated with a solution of titanium chloride 
containing 1 c.c. of concenfrated hydrochloric 
acid«pcr M c.c. of solution. * 

^oxoin (Chom. Soc. Trans. 1905, 87, 976; 
J. Soc.^em. Ind. 1906, 26, 736), Orcharda<ffi, 
Wood, and Bloxam (ibid. 1907, 26, 4), and 
Gaunt, Thomas, and Bloxam (ibid. 1907, 20, 
1174) have critically investigated the subject 
of indigo analysis. Among the Juethods for 
proparatioD of pure indigotin, that involving the 
crystallisation of crude material frotn mtro- 
bonxenc was discarded as untrustworthy, but 
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l-ln‘ olal)oijifo nf (lie B.A.S.F. Co. 

(Brochure, MKK>) whh foiiiul io ^'ive a pure sub- 
stanee, On (lie oilier liainl. .sublimation under 
refluced ]ire-,siire in Jena ILi.sks immersed in 
iusibie nielal at ^fav<\ wiUi synthtdieal 

jiidi^'ii of 112 |i e (approx.), a bi'aiitifidiy eryslal- 
iiiTe Hijlisiance, M inch, after wa-sliiiig wit.h boilin^^ 
acetic u<'id, followed by lioilin^' uleoliol, was 
iisuaiiy eliemieally ]»in'e 'I'Ik' jiennaiigaiiale 
factor ri'sulluii: from e.xjieriiiients witli (iiex- 
specially piirilied materials was 1 e c. of jjcr- 
jnjui;:iuiatc solution I litOO I) (H)222 ^lani 
jridi^oliii Kolulmn I TitKX). and is in ayrocment 
with t-hal. ])reviotlslv afioptcd bv tiie B A S F, 
Co. Wiin^o'i’in and \'oi'lHiidcr (Xcitsi li. I'aclxm 
mid 'jV.xtiielicttiie, 1!K)2. I. 2<SI) have .stated 
that inili^M)liM suffers loss of slrei!”fh hy oxida¬ 
tion, evi n when it is sulplioiiutcd hy 04 p.e. 
Hiiipiiiiric arid at for half an honr. 

wlierais H p.c. fiiiiiiny iKid ^ivcs n detmaorat ioii 
ol from 2 to 11-2 p e., ae(‘ordin^ to the Innc of 
licutinc. With till'indigotin. however, jninfied 
us ubovi’. Bloxam showial tliat. lu-aling uitli 
20 p e fmnirie arid for ^ of an hour at !•"“ gave 
no lo.ss, wliereji.s With 30 j>.e. aeui fm 20 minutes 
at 07 '. a dclerioniliou of only I p e. could he 
oliseiual. In bolli tliese easi-.s uidigotiii fetia- 
siiijilionie acid was produced 

The tetrasulphonale method. As n lesuR of 
llii'se expenmenls a niotliod for the analysis of 
iuiligo based on snlphoiiation Mith fuming neid 
was deviKi'd I gram of the indigo, and 2-3 
grams of purified sand (powdered glass eontiuiis 
ii'oii, and nIiouIiI nut lie em[ilo\e(i) is 1 i(‘iited wit It 
o e.(‘ of 20 p (• fuming Hiilphiirii' ueid for half an 
hour 111 11]<‘ wati'i ovmi, and the soliil ion is madi' 
u]» to TitlO e.e. wilii wntror. JOO e e. of tins 
Hiilution IS tn^afed with 100 e e. of potas,mum 
fiPi'tiilc solution (4.')0 grams per litre) wlm-h 
causcfi the pixM'ijiitation of jndigotiii lidra- 
sulphoiinfe, Tim mixture is now warmed, and 
on cooling liniifly in iee.wutcr.^ the siltt eom- 
pletcly sepanites in a crj’stalhne eoiidiliun. 
This is eollected by means of tlio ])Utiij) on a 
Cooch crueible. amt w’a.sluul free fioiii the broMii 
supernatant liquid with a solution containing 
tK) grams of pnlassiuni aeetati' and Tj o.e. of, 
aeetm acid in tHH) e.e. of water. 'Die pnuluet 
IS dissolved in 200 e.e of water, and 20 e.e. of 
Ibis solution, rtilutoil witli 80 e.e, <?f xvater, is 
treated with 05 o.e. of suljihuru' acid, and 
litrat^'d witli permanganate (l/KMKI). Tn order 
to vc'rify 1h<‘ aecuraey of this rnotliod. Orchanl- 
son, \Vood, and Bloxam studii'd the behaviour 
of indigo browm amJ indigo gluten, the main 
iinpiinties of indigo, when submitO^l to the 
anal} tical procos.s, a.s this subject bad not been 
invi'stigated by }ire\ ious workers, k'ldigo brown 
whim HulplionaU'd with 00 p.e. aeul givc's. when 
(lissidved in watiT. a durk-brow’a liquid, wliieli is 
attaek(“d by permanganate, though not pcrliaps 
so rea<Ulv as the indigotin siilphonic acids, 
whenras indigo gluten gives similarly a light 
yellow solution, whieh is very rajiidly oxidised bv 
tiio leagent. On the other hand, kacmpferol or 
indigotin yellow, tivated in the same manner, 
gave ft product w hioh most readily absitrbs 
permanganate, and, indeed, Raw'son (.T. .Soc, 

» Proloiigei heating sliouhi !m» here avoided, and it 
is preferable that the solution of the tetrasulphonate 
with Its subsequent recrystdlHsatlon should be effected 
without unneecsaary delay. 
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j Chem. Ind. 1890, 25J) liad ali’oady pointed out 
its deleterious effect in indigo analyse.s. Finally, 
these authors prepared and submitted to analysis 
by Bloxani’s proccs.s mixtures containing known 
ipiantiticH of indigotin and one or other of all of 
these impurities, with the result that the colour¬ 
ing matter wa.s thus estimate<l with eon.siderable 
exactfu'.ss. Blo.xam ((3iem. Soc. Trans. 1010, 07, 
1J73), liy an uda])lation of the pyridine method 
fur the i\s1 imation of indinibin (/.■".), in wliieli 
the iiiipiiritu'.s jir«’ eliminated by a process of 
extraetioii, has uualyseil nHtura! indigo.'s, and 
■olitaiiied Die same figuri’S as those given hy the 
tetrasiiljilfc’iiiale method. Again, by Knoelit's 
tilaiiium ehloiidi' method, and employing the 
inodilieatmns aboxe desenbecl, this process can 
also h(‘ effect ivel\- w’orked. Jt i.s only reasonable 
. to suppose that an analy.sis based on Die selective 
■ fU’ccijutattoii of the sulphonatod colouring matter 
' i.'t mole likely to ))<• elficient than that wliicli jire- 
. Hunies th(^ dyiosiliou of varied inipuntie.s of a 
du'ei.M' ehernieal (•haraet('r b}- one .speoitic re- 
ayent, anil the somewhaJ lower results giv(‘n liy 
the telrasiilphonale methoil. as distinguished 
fioin flui.se yielded by the })roe(‘sse,“* previously 
in u.se, are in lealily due to Die ulnio.st complete 
ehmmat ion of lhe.se imimi itles from the indigotin 
siilplioiiie luid during tlie analysis. Rawson 
{I.r) IS, hoM'cver. of opinion that the effeet of 
these im|)uiilieH oii the analytical re,suits has 
been mueli nverrati'd ; l.m1, on Dv oilier Iiand, 
no experimental evidence is given in support 
of tins view (Manual of Dyeing, / c., SIS). 

The action of pota,sKium permanganate on 
solutions ol the indigotin sulphonie acids ia uf 
interest, bei'iiuse the ninouiit of tlie reagent 
neeessarv for the deeolori.salion of the liquid 
varies to home extent witli Die eoncentration 
(Rawson. A Dietioimry of J)yes. Mordants, &c., 
bv Raw’son, (hudner, and J^ayeoek, 1001, 187). 
At the eoneentrntions employed by the B.A.S.F. 
Co., and adojited by Bloxam (/.r.), 1 gram of 
indigotin as wulphonie acid requires ()‘46 gram 
of permniigamite for decolorisation, wliiTeas the 
equation 

5( ’jnlfH,0,.X,+ 4K:MnO,+r.R„80, 

: J0CJ1,C*N4 lilviSt)., l-lMnSO^-l-flH^O 
implies that 0 4824 gram of the reagent is neces¬ 
sary. Again, fnr Die oxidation under similar 
conditions of indirubin sulphonie acid con- 
sidiTubly h's.s permanganate is requiivd, although 
the oxidation in this ease is of a slower eliaraetvr. 

, lOoxani and Verkin (Chem. Soe. Trans. 1010. 07, 
141)2) ('onsider, therefore, that the oxidation is 
of a eomjilex nature, ami eonsista cither («) of 
two di.stinet stages in the formation of isatin 
sulphonie neid, or (/i) of two distinct reactions 
mvohing the production of two separate sub- 
stanecH. According to tlu' tirst suggestion Die 
isalin sul]>lionie aeid formation would be pre¬ 
ceded ])}' that of an intermediate compound 
(^.), whei’oa.s bv the latter, in addition to isatin 
sulphonie aciif,, a dehydroindigotin sulphonie 
arid (11.) may b'' produced— 

1- c,'.h.<^)^>c='0--c<co>c.h, 

Tl, 

In caae the first product of the reacDon 
consists entirely of* deiiydromdigotin sulphonie 
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Annalon, 13fl, 9fl), and potowiiim pcrmancanato 
(Mohr, Dingl. noly. J. 132, 363); and by reducing 
agenta ( 17 ) soaium hydroanl}>hit.o (Miillcr, Ber. 
1880, 13, 2283), and titanous chloride (Knccht, 
.1. Soo. Dycrn, 1004, 07, and HM>5, 292). 

Finally (A) oolorimclric methods (iJingl. poly. 
J. 27, 54. and 40, 448}; (i) Hoei tnim nnalyniK 
(VVolJf, Zi’itseli. anal. (!hein. 17, 60 , and ibid. 
23, 92); and (k) tlye trial nictlinds ({’hevrcul, 
I.C., and (JroHHinann, J. jSoc. Dyers. 1807, 124) 
have been proposed. 

Of the.s(' inetliods of indigo analysis, modifica¬ 
tions of Mohr'.s pernianganiite ])r(»'(‘ss are most 
generally (unployed. althojigh otfu'i# involving 
the nnluction of Huljjhonated indigo with titanous 
chloride and soflnnn hydrosulphite are 1 “ some 
extent in use. 

The permanganate methods. In order to 
eliminate the error liue to th(“ oxidising aeliun of 
jiei'inanganate upon substaners i»ther than 
mdigolin wltieh are present 111 ngfural indigo, 
llawsoh, who has he<Mi the pioiu'erin this 
has devised t^^o jirocesses. 

Sa]tlng*out method. O'o gram of finely 
powdered indigo mixed with its own weight of 
ground gin.ss is siilphonaled in a porcelain eiuoible 
by moans of 20 e e. of eoneentiuted suliihune 
acid at 70^' for jl I lioiir; the product is (liluted 
with water to oOO e.e. and the liquid filtered to 
remove insoluble impuritie.s. .oO e.e. of this 
solution are mi.xed with fiO e.e. of wat(“r ami 32 
grams of eoninion salt, and after standing for 
J liour tile preeipitati'd sudinin iridigotin sul- 
])}ionate is collected and freed from certain 
soluble impurities by washing wiUi about TiO e.e. 
of salt solution (sp.gf. 1*2). The preeipitale js 
dissolved in liot watiu’, treatt'd with 1 e.e. of 
sulphuric acid, diluted to 300 e.e., and titrated 
wiUi a solution of A’/.50 potaH-siiun jiennanga- 
nate. Tlie liquid gradually takes a gr(‘enish tint, 
and the final disappearanee of this constitutes 
the end point of tlie reaction. Aerording to 
Rawson, 1 e.e. of the A’/oO permanganate corre¬ 
sponds to O'OOIC of pure indigotin (J. Soe. J)yers, 

J 885, 74 and 201 ; A Manual of Dyeing, Kneeht, 
Rawaon, and Ixiwcnthal, IfliO, 817). Such a 
factor, however, according to Bloxam (l.(\) gives 
too high figures even with pun* indigotin, and 
this has been corroborated bv Frank and Lloyd 
(ibt'd. 1913, 226), wdio eonslder 0‘00147 as more 
correct, and with tliis Raw,son (fbid. 1914, 21) 
is now in agreement. 

Barium chloride precipitation process. 0-5 

gram of indigo is 8 ulpljonati?d as before, and after 
diluting with water, but before making up to 
500 C.C., 10 c.c. of a 20 p.c. solution of barium 
chloride are added. The barium sulphate formed 
carries down with it the su.spcnded impurities 
of the indigo, and the clear liquid can be pijiettod 
off and titrated as before. The results are 
practically identical with those given by the 
‘salting-out’ method (liaw.sfin. .7. Soc. Chem. 
Ind. 1899, 251). • 

Bloxom (ibid. 1906, 735)' notes that the 
barium precipitate thus produced is always 
coloured olue, and this is confirmed by Bergthcil 
and Briggs (ilhuf. 1906, 729). The latter authors 
contend that the results given by this modlfica- 
tion of Rawson are therefore too lowg and con¬ 
sider that this defect is obviated by adding 
instead of barium chloride^freshly precipitated 
barium sulphate to the indigo mixturp. 
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(iiruwmann (i7>id. 1905, 308) throws down the 
, impurities from the indigo solution with calcium 
carbonate. Bergtheil and Briggs (l.c.) and also 
Hloxam (f.r.) find that some quantity of tlio 
colouring matt<'r ih also jirecipitated iu this way. 
K-iiceht, iiowever, recoinmeiiils il.s successful 
use even in larger quantity (J. Six'. Dyers, 1904, 

; 97, and 1905, 292) in conneelicMi with his titanous 
i chloride nielhod ; hut hloxRiu (f.r.) points out 
! that sucli b('ing Ihi* enso this can only bo duo to 
the observatM’i* of coiidit ion.s which ait? not stated 
in Kneeht s jiaper. 

Hydrosulphite method. 'Fhis process, devised 
by Miiller (Ber. 1880, 13, 2283), depends upon 
the fa(?fc that sodium iiydroHiiljihiU' (Na^SjO^) 
quantitatively retluees juire indig<jtin sulphonio 
acids to tfieir eorrespomling lemb compounds. 
The solution of the hyilrosuiphite contained in a 
stone bottle is loveicd with a layer of iK'troleuni 
to prevent oxidation anil comu'eteil witli a NUpply 
of hydrogen gas. liv means of a siphon, or other 
convenient arrangement. 1 he luiuid enu be drawn 
into a luiretie. ’.I'iie solution .should ho equiva¬ 
lent to about 1 (• I-. - - 9 ()925 giaiii of imligot in, 

; and the titrations an' performed in an atmo¬ 
sphere of hydrogen or coal gas. 

Titanous chloride method. I'lils reagent is 
, ruiK'li more stable than sodium hydixii^ulphite, 
and Kni'cht (J. Soc. Dyers, 1!K)4, 97, an<l UKlfi, 

I 292) was the first to reVonitnend its use for the 
analysis of indigo. 'Mie apparatus employed is 
similar in clniractiT to that riMpiired for the 
I hydrosulphite ])roeess, and the titration is 
j carried out in an atmosphen' of carbon dioxide. 

, If the reduclKin of the indigotin is effected by the 
I t Itanium chloride in t he pn?senec of mineral acid, 
j no deflnitti <'iid-point can lx* ol)S(>r\*ed (Kneclit), 
hut by the addition of salts of tartaric ueid tliis 
(‘iKl-pbinf IS rendered quit^i definite. 

I Jn working with natural indig?>, Kneeht 
[(Manual of Dyeiiiff; Kneeht, Rawson, and 
' Liiwen^al, 822) sulphonates 1 gram of indigo 
' with 5 e.e. of ](M) p.e. siiljihuric acid at 90'^ for 
; 1 hour. The solution diliiteil to 300 c.c. is 
I warmed and slowly tnuit-ed with 12 grams of 
chalk, cooled, made up to 500 e.e., and W '’.c. Of 
^the clear liquid, to which 25 e.e. of a 20 p.e. 
.solution of lloi'helle salt luiS been added, is 
titrated whilst boiling with titanium chloride. 

On account of the sparing solubility of 
Rochelle salt, litoxam (l.c.) rec'ommends the UBo 
of sodium tartrate, but stat-os that the presence 
of excess of this or of Rochelle salt (as advocated 
by Kneeht) is to bo avoided, or otherwise 
high percentages of indigotin are indicated. In 
the case of pure indigotin (I gram) sulphonated 
with 20 e.e. of HK’p.o. Bulpiiiiric acid, and made 
up to 600 c.c. with water, 25 c.c. oi this liquid 
(containing 1 e.e. of acid) requires 4 grama of the 
sodium tartrate to give quantitative results when^ 
titrated with a solution of titanium chloride 
containing 1 c.c. of concenfrated hydrochloric 
acid«pcr M c.c. of solution. * 

^oxoin (Chom. Soc. Trans. 1905, 87, 976; 
J. Soc.^em. Ind. 1906, 26, 736), Orcharda<ffi, 
Wood, and Bloxam (ibid. 1907, 26, 4), and 
Gaunt, Thomas, and Bloxam (ibid. 1907, 20, 
1174) have critically investigated the subject 
of indigo analysis. Among the Juethods for 
proparatioD of pure indigotin, that involving the 
crystallisation of crude material frotn mtro- 
bonxenc was discarded as untrustworthy, but 
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iiicliniliin prrparod wit li and siilt eoluiion 

in a Hitniljtr way 

Extraction with pyridine. Bioxam and 
Perkin ((dieni, Sf)f‘. 'IVans. JIKM), {)7, 14f)0) find, 
as llie n'sult. of ('xjiennientH on iiiixlurcs (d 
indi^'otiti jind indirnlan, iliat mdther coniniercial 
el Jut nor a<-etonc are reliabh; Kolvents for the 
eooiplcte «-.\l('aftion of in(liruf)in, and lliat their 
action, ('specially in flte former ease, is chiefly 
due to the presenct' t'f iil(.'oliol. ^V’lieI•eaR aeetje 
acid is etiieient in this respect, and Koppe- 
Ncliaar's proei'sseivi's a})pro\imutely t-oiai rcHults, 
nyri(!in«' is a niueJi h('tt<'r solvent, and a nietlual 
tor the eonijih'le analysis of indieos eont amine 
mdirnhin l)as(‘<l on the applieatiori of tins liqiiui 
is (lesenl)ed by these authors. 

'I’he indij^« (()'25-l jrrain) evenly ineorjiorated 
w'ith pMi'ified sand (20 -110 ^Taitis) is introduKid 
info a lliin-walh'd ^lass tnlx^, termed the ‘ con¬ 
tainer.’ closed at oiu' t'nd by means of cotton 
elnth. on wliieli has been placed a layer of as- 
Ix'stos and purilied sand or of sand alone. 
Suflicjenf sand is tlien a<lded to form a layer on 
the surface of the indium mixture, wliieli is tlien 
eovr'red with asbestos, and tlie container is now 
pliurd in a Sn.vhlet tulie and extracted with boil¬ 
ing pyridino. Tlio e.xtract is distilled down to 
a small bulk, the residue treated with boiling 
water and again distilled, and this operation 
is repealed until the last traces of jivrldine have 
di8a]i]ii‘ared. 'J'he preeipitate. whie)i consists of 
indirubin togetluT with a little nuligntin and 
indigo brown, is colleetcd, freed from the latter 
by means of dilute alkali, and iht' residue is 
Huiplioimtcd witli c.e. of sulphuric acid at 
The product is dissolved iii wat^T, filtered, and 
the amounts of indigotin and indirubin present 
aHcertained by m(‘ans of the Duboseq tint ometer. 

The njsiduc in the eontainer is jiereolrtt.ed 
with wat<'r, followed with boiling (lilut<' hydro¬ 
chloric acid to remove indigo gluten, and is now 
introdueod into a In-aker ami drie^. Tlie 
imlouring matter jiresent is sulphonated with 
20 e.c. of sulphuric acid in the usual way, the 
product after dilution is tilten'd, and the solution 
of the indigotin sulphonie neid is est imated with 
pernianganale, emjiloying tlie din'clions given, 
by Bloxam {/.i*.). Analyses of mixtures of pure 
indigotin and indirubin. and also of coinmereial 
indigos, ai*e given in tfie ])apor. and it is also 
pointed out that by this method an approximate 
estimation of the indigo bmwn jiresent in the 
bitter can l>e earried out. 

Thi2 Kstlma'I'Ion of iNniOAX IS Tiri: Leaves 
OF iNDiao Plaxts, 

Although some indication of tlic imligo- 
violdin^ cf^jacity of the plant'can .lx* obtained 
by ordmarj' steeping cxjKTiments, this method 
was found by llawson (Cultivation and zVlanu* 
facture of Indigo, l.r.) to possess several draw- 
liaeks, and numerous experiments were tlierefore 
oarrie<fout by him on the quantitative formation 
of indigo from tho leaf extract by the simul¬ 
taneous action of aoida and oxidlsidg agents. 
Ah regards the letter, ferric chloride, potassium 
chlorate, and hvdrogon peroxide were tried,M>ut 
poraulplmric acid gave much the best results. 

Persulphate method. 20 grams of loaves are 
extracted foV^ 2 minutes with 260 c.c. of boiling 
water, the solntion is strained through muslin, 
and the midiiee squeesed and washed with 


lH>iling w'afer. Tho solution is treated with 
5 c.c. of 20 p.c. hydrochUirie acid, and 40 c.c. of a 
5 p.c. solution of ammonium persulphate. The 
persulphate i.s not added all at once ; at first 
2 c.c. an? added, after half an hour 2 c.c. more, 
and again 2 c.c. after another lialf an hour. 
After 2 liours the remainder of the ammonium 
pcrs.uiphale is added, and when tho mixture iia.s 
stood for a further jieriod of an hour, the indigo 
is collectcil and estimated by permanganate in 
tlie usual iMunrier. Jicrgthcil and Briggs (•!. Soc. 
Clicm. Ind. lOOb, 7.14) jioint out, however, that 
this process of Rawson's ivqiiires inodifieatfon, 
as tlie aiMitioii of the ri'agents at sueh a high 
temperature involves a loss of indigotin. The 
main ft'atures of a modification of tlie process 
devised by these hitti'i* authors are the luldition 
of acid to t he cooh'd extract, and a determination 
of the coiir.se of l.fu' reaction, after addition of 
sniail aniounfs of jiersiilpliate. by liltration of a 
jinrtion of tin* mixtiiie and tho addition to llu' 
liltrate of a trace of the oxidising agent.. 

Oichardson. U’ood, and Jiloxatu {ihiiJ. IhOT. 
40 ; (■/. also Bloxam and Jjoake, Research Work 
on Indigo, Dalsingh. '^erai, lOOo). who employ 
sulphuri(' acid and persulphate, arrived inde¬ 
pendently at the same couclu.sion. To 200 e.c, of 
the leaf extracts these authors add 100 c.c. of a 
mixture of equal parks of 2 p.c. ammonium per¬ 
sulphate, and 4 p.e. sulpimric acid, and tlio 
mixture IS kept at 00" for one hour. A eom* 
parison of th('ir methods with that of Bergtheil 
and Brigg.s indieated an identical result in each 
case, and an im'i'case of 20 -26 p c. of puro 
colouring matter in comparison with that yielded 
by Rawsou's original pr()ces.s. 

The Isatin method. Bcyoiiiick (Proc. K. 
Akad. Wotonsch. 1800, 120), in discussing 
imlioaii. suggested the pos-sibility that by warm¬ 
ing its solution with isatin and acid a (juanti- 
tative yield of indirubin might bo produced. 
Orchardson. Wood, and Bloxam {t.c.) have 
cinnloycd thi.s reaction for tho estimation of the 
leaf, and havi* devised tho following methwl for 
tills jiurposo :— 

260 e c. of oxtract, equivalent to 5 gram.s of 
tlio leaf, is tn'atcd with O'l gram of isatin, and 
tlu‘ mixture boiled for 6 minutes to expel air, 
carbon dioxide being passed through the floBk, 
20 c.c. of hydrochloric aciil is then added by 
means of a tap funnel, and the whole kept boiling 
for 10 minutes. The precipitate is collected on a 
tan^d filter, washed with hot 1 p,e. soda to 
remove brown compounds, then with 4 p.c. 
acetic acid and dric'd. An aliquot portion of the 
orystalline product is sulphonated, and analysed 
by the titanoua ciiloride method, adopting the 
modilications employed by Bloxam (l.c.). The 
indirubin thus obtained is usually almost pure 
(98‘5 p.c.), so that for an approximate estimation 
tho latter part of tho process is unnecessary. 
Gaunt, Thomas, and Bloxam {ibid. 1907, 2C, 66) 
h('V 0 examined tho process in greater detail, and 
. point out that by its employment pure indioan 
gives quantitative figures (rf. also Perkin and 
Bloxam, Chem. Soc. Trans. 1907, 91, 90). On 
the other band, this method gives considerably 
higher figures, both with pure indioan (16 p.c.) 
and tho Ifaf extract (26 p.c.), Uian those which 

' son. Wood, and Bl^ara^ and Gaunt, Thomas, 
and Bloxam, Lc.).' The nnsatisfactoiy ^gures 



TNDIOO, NATURAL. 


on 


in t.lio liiK-cr cj».so,s<irij^o froTO a furlhor oxidation 
of the indigo by the persulphate. That this 
isatin method does-not appear to be affected by 
other plant constituents was shown by the 
successful estimation of indican, purposedy 
added to an extract of the leaves of tJio Tcphrosin 
purpurea (Pers.), a plant in which this glucosido 
is absent. 

Efficiency ok the Pkockss. 

The actual yield of inditrolm fro!n the plant 
during the maniifacturo is not discussed by 
Kftwson (/.c.), but this auUior consick-rs that if 
ti)o suggestions enumerated in his report are 
adopUnl, thei’o is litllo or no room for a re¬ 
munerative alteration (tf the process. ]iergth«‘il, 
on the other hand, considers that und(T the con¬ 
ditions he describes (100(1, 12) the eflici(*ncv is 
rcjire.sfntod bv an H2 ]> c, yield, or that if to tliis 
bo added t)>c 5 p.e. licliev'cd by Ilawson to lie 
retained by tlie e.vtraeted plant, 87 p.e. is thus 
accounted for The quantity of indigo estimated 
refers to the jireeipilate present in tlio vat after 
oxidation, and from this nmwl he. therefore, 
deducted lh<‘ mdigo (10-20 })C.) lost hy the 
‘running off’ of the ‘ seeth ’ water, so that the 
actual yield of «lry colouring nialUT may thus 
represent from 02 to 72 p e. of t he theoretical 
quantity. Jleeeiit experiments, liowever, iinh- 
Cato that hy adding ainminoferrio to the oxida¬ 
tion a more pi'ifeet settlement of the indigo is to 
bo anticipated {ihul. IiK)0). 

Rloxivni (D.ilsingli Scjrai Report, and J. Son. 
Chern. Tnd. 100(5, 25, 735). who examined the 
daily output of indigo (as presstal eahe) from the 
Pcinbarandah factory, found tliat the first 
cuttings of the jilant (Moorliim mahai) repre- 
HenUid an approximate value of ()‘1405 p.c. of 
indigotin from the plant, wliereas tlie second 
cuttings gave a valui* of but 0'152(». Assigning 
to the plant tlie low value of 0'3 p.e,, a eonsider* 
able and serious lo.ss is thus apfiarent. More¬ 
over, the estimation of the results given by the. 
‘ isatin ’ method of leaf e.Hlimation, and of tlie 
finished cake by the ‘ tctra.su Iphonate ’ process 
(/.r.), both of which have been standardised witli 
extreme care, point to a loss during the mnnu- 
facturo much greater tJian has liithcrto been 
acknowledged (Report to (joverninent of India, 
ltK)8). 

Apart from the ret.ention of indoxyl by the 
residual plant in the steeping vat, and Die 
mechanical carrying over of indigo by the 
‘ seeth ’ water, the deficiency of colouring matter 
is chiefly to Ix^ attributed to the conversion of 
indoxyl into products other than indigotin. 
Kawson (l.c.) has jxiinted out that if the fer¬ 
mented liquid is allowed to stand before oxida¬ 
tion a considerably decreased yield of indigo is 
ultimately observed. Thus, on the largo scale, 
by standing for 6 hours a loss of Ifi'l p.c. was 
apparent. Perkin and Bloxam (2.r.) have found 
as a result of their experiments with pure indican, 
that this alteration or ‘ decay ' of indoxyl takes 
place not only in this manner during the fermen¬ 
tation prooess, but they consider that the indoxyl 
from the moment of its production by the hy^ti- 
lysis of indioan ontil its flnal conversion into 
indigotin is oontinnally suffering this afteration. 
This peculiar reaction Is, according to these 
authors* considerably inhibited by the presence 
of acid 


Commerctal Nathr-u. Tsiunos. 

Wlien natural indigo was at its Ecnith very 
numerous varieties of this dyestuff were placed 
on the market, but more recently, owing to its 
severe com|>etitiou with the artificial colouring 
matter, many of these are now rarely met with. 
From Asia (^ame the indigos of Bengal, Oudh, 
Madras, Java, Manilla ; irom Africa those of 
Egypt and Senegal; and from America those 
of Giiateiuala, Caracas, M(‘xi(“(), Brazil, South 
Carolina, and the AntilU's. 

The Ix'st vuriclies are th(' Bengal, Java, and 
(lUatemala. although in England tlie Bengal is 
now mainly (‘iiiploycd. tfava indigo, formerly 
largely esU'crned for tlie manufairture of indigo 
e.vtract, chiefly hecau.se of its genc/a! purity, at 
tiic prc.sent tune appears to find its market 
chiefly in the EkhI. 

A good quality of natural indigo has a deep 
violet-blue colour; it acquires a coppery lustn' 
when rnbheii with Ihe finger-nail; it is light, 
p<irou8, adhering lo tins longin', and can be 
reailily broken anil groiiml. Low qualities, 
which contain much extractive and mineral 
matter, arc dull and greyi.sh in ajjfioaranoe. 
heavy, tougli, and hard, and do not become 
bronzy by rubbing with the fingor-naij. 

Tub pROPKltTIKS and SYNTlIBSKa OF iNDJ^OTDf. 

The history of llio dcUirinination of the con* 
stitution of indigotin and of the many synthesoH 
which liavo Ix^on devised for its prnjiaratiou, 
leading os tiiey have done to the successful 
manufneturo of tlie artificial product, constitutes 
without doubt ono of the most interesting 
cha])tors in the annals of synthetical organic 
chemistry. This has been dealt with so fully 
in other manuals tlial a brief r6sum(!i of the main 
features f»f the subjoet will only be given here, 
and to avoid detail tho main reactionf are only 
expressed by constitutional formulm. 

Whereas early work had proved the bonze- 
noid charai'R'r of indigotin. By the production 
from it of aniline, anthranilic acid, picric acid 
and nitrosalicylic acid and isatin, tho commence* 
nicnt of a .systematic attack on tho problem of 
Tu structure first dates from tho work of Booyer 
and Knop (Annalcn, LS05, ML,. 1). 

Tliat isatin C’sH^NOj was simply related to 
iudigotin, at that time expressed as CaH^NO, 
appea^*d probable, and witli tho hope oi recon¬ 
verting isatin into the latter, its behaviour on 
reduction was studied by those chemists. Tho 
re.sults obtained, though unsuccessful at first in 
their immi.(liate object, proved to bo of consider¬ 
able importance, and indeed form the basis 
from which muoh^if our present knowledge of tho 
subject has Been derived. 

When reduced isatin gives dioxindol (L), 
o.xmdoL (II.}, and these substances are now 
knowi’ to respectively consist of tho inner 
anhydrides of o-ainino-pheoylgiycolUc (lIT.)iADd 
c-ainfto-phenylacetic acids (iV.)— 


• 

I. 


• 

IT. 



IIL 

,, „ ^CH OH COOM 
'NH, 
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By fuil/licr rcdtiction indolo is obtained, and 
t-o this, wliicii wa.H .siil;),s(‘{jucnl!y synthesised by 
Jiuoycr and Krninorimg (Her. JHiJU, 2, 080), by 
fusing ly jul r'o.(;innaniir acid wilii potash and 
non lilingK tlie forniuJa 




^NII 

' '•Clf 


ClI 


Was assigned (Her, lH7(h H. nlT). 

TJie Same i-lieinist..s again Ijy healing i.salin 
\vM,h phdsplionis oxyehloiiile ami aeciyl clilonde 
under f)rf‘Msui'e oliluined indieolin. 

in 1 H7!l Ihu'ver and Sinda ( Her. ] H7H, 11,5S4) 
eonvertisi t)\indole int^o i.satin muuding tn (he 
fellowing K('liein{‘ ; - 

OsiHl ('ll -Mi,. 

(’Oil ('„ll, coll 
N 

M(ri'sn-(i\l!iil<«!i' Vniiiie-exiiiheli' 

(',, 11 , :'j(’ .('(111 

Isaliii 


And Hueli n siMie-'iif rend ions foinu’d (lie eopiiiii:- 
stoiK' of till' lirst arldicial syn1lle^lH of mdigoim. 

Jsalin (I.) is (he inner anhydtide of o-iiniino- 
phenylglyoxylie iieid (isaliiiie and) (If.) 


I. 


('Jit' 


CO 

NH 


''■CO 


li. 




CO COOlf 
•ML, 


and HUeli a I'onsiitution was prc'dieled for it b\ 
Kokuh' in iH(il) (Her. 2, 74S). Jsatin. wliieli 
possesses aeid propertii'S and is eapable of form¬ 
ing metaihe ('oinpoiinds. may cMst as pointed 
out by Jbieyer in two inodilieations. These an‘ 
known as jisendo-jsatin (laelainisatin) (I.) and 
isatin (taetimi.'^atin) (li ): 


I. JJ C'„H, 


A syiithesia of isatin from o-nltrd-benzoyl 
chloride was annonneed liy Claisen and Sliadwell 
in 1870 (Her. 12, IhTO). an<l the reactions involved 
may be expressed l>y the following formiiiiP :— 




-CO'CI . , 

. .. /COCOOH 


.(H)-CN 

‘^‘G-vXO 


CaH4-C()-(’0()U 
* '-Nllj 

NH 




>CO 


The fact that indole can be pr<‘parcd from 
o-nitro-cinuaniie acid (l.c.) and that indole le 
cloRclv related indigolin, as indeed was shown 
l>y Nencki (Her. 1875, 8, 72”), wlio prejiarcd 
indigotiu’by llie action of ozonise?! air upon an 
aquisius nuspeniiion of indole, led Bai'ycr to 
experiment on the Bynthesis of indigo from this 
same aeid (Ber. ]880. 12, 2i>4). This objoet he 
eveiitually uceomplisheii by the two inetliods 
given below : i 

H . CHiCH COOH 
(a) 

o-nltrc-clnnamie Hold. • 

. p „ .CHBi-CHBr COOH 

o-nltro>d!broni-t!!hydro-clnnamio ncld, 

n u /C-C COOH ^ T *• 

^ ladigotm 

e>nltro-phonyIpropioUc acid. 


nt /- u /CH:CH-C(JOH 

( 0 ) Uflrl 4 -C_yQ 

e-iiitro-eiiinaiiiie acid. 


,, „ ,(;ir-(OH) CHci-cooH 


o-nltro-phcnylelilor lactic acid. 

p ,, .(’(OH) : CH-COOH 

(cnit i()-}i!ifn>l.icry!ic acid. 


Tndigotin. 


The former method is ex(;(*ptionaUy interest¬ 
ing, Ill that it provided the ba-sis for the first 
altemjit to manufacture indigo on a commercial 
M ale, ami though this was hardly succcs.sful, the 
o-ni(ro])hftiylpjopiolic aeid obtained by (liis 
method was of sonu^ .service to the dyeing 
iiidu.st ry, as a means for olitaimng indigo prints 
on calico. 

Haeyer. again, in 1882 (Her. 15, 50) an- 
noiinetal a further synthesis enqiloymg o-nitni- 
plieiiylprojuolic tuid wlmdi was imjiortant in 
connection with tlu? constitution of indigotin. 
Wlien lioiled with water o-nitro-jilienylpropiolic 
acid yields o-nitro-phenylacclyleue 


..C (’H 
^iNO^ 


and from tiic cojiper compound of lliiB (II ) bv 
o\idalion W’itli fern-ey'ii‘ide, dmitro-diplicnyl- 
ueetyh'iu: (III ) is obtaimal: 


(fl). CeH4 


,G G 
■Nl). 


.('U 


GcH4 


(ill.) 

With fuming sulphuric acid tliiai forms diisatogen 
(IV), a compound which on reduelion gives 
indigotin (V’,) i 


(jv) 


CO . 

■ 0 U v/ 






o-Nitro-])hcnylj)roj)iulic acid, on the other 
iiand, by tlio action of sulphuric aidd (Ihu'yer, 
Her. 1881, 17, 1741) is transformed into its 
is()mer isjilogenic aeid 

.G()-^('-GOOKt 

GfllLiN 

N—0 


deducing agents convert this into ethyl indoxy- 
hiie (I.) wliich by heating gives indoxyl (II.): 

(C) (-^.H.-c'jr'i'jSccOOEl 
(}I.) 

and tliis latter when oxidised readily passes into 
indigotin. 

Indoxyl ifacts with aldehydes and ketones 
to form the so-ealled indogonides. Thus with 
pienzttldohyde the indogenide of benzaldehyde 
(benzylidene pscudo-indoxyl) 

C.H.<^g>C.CHl>h 


is^nroduced (Booyer, Ber. 16, 2188). 

In ^ similar way indoxyl condenses with 
isatin to form indinibin 
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a colouring mattergpro8cnt in natiim! indigo (/.<*.), 
and which is to Ikj rogar<tc(l as tijc iudugonidc 
of i.saiin. 

Ha(*v<‘r in IS5»3 reviewing (ho facds here 
cniinu‘rat'‘d was enabled to dcilnee the following 
constitution of indigotin: — 


('J\ 


CO. 

NK 


'vC'-C 


(’O . 
Nil 




which i.s now acccjdod as eorrcit ^ Tji(‘ iiiaiti 
arguments lie emjjloye*! lu support of tlii.s 
formula are as {o!luw.s r -- 

1. Indigotin contains t\v<i iniid(' groups. 

2. Asa result of its formation rron#«lipln‘nyl- 
acctylcne the i-arbon atoms c)F imligotin must be 
arranged in a similar manner lo those present in 
this suhstanee~ 


‘1. Indigotin is only formed fiotn eompoiimls 
in whu'h the earlaiii atoms adjaeeiit to the 
bi'iizene ring are uniti’d with ovvgen. 

4. The properties of indigotin point to (In' ' 
fact tliat it is ejosely relaled to iiidirubin 

As a n'suit indigotm is to he regardi'd us l fie 
a-i}i(iogenidi‘ of pseudo isatin. ladinihm itseit 
heing the mdogenide. Ouiiig, honio’er, to- 
tlic lack of aelivity of the a-o\,ygt‘ii atom in 
i.satin. indigotin eaimof. hke iMdinihin. he 
directly prejiansl from indovvl and isatm j 
In isK2 (Her lo, 2Soii) Hae\ei and Diewsen 
syiitlu'sised indigol in hy ihe le lion of aeeloiK' on , 
o-nitro-beiKaldeh\de in the jne-ence of alkali' 

/N". 

e.H/ H'UUj-uocir., 
con 

e-iuLrU'hcn/aJi!eIiyile. 

r, i, 

e-mlrifjiitoiij M >(’to-in'’t!i.\ l-Kclein' 

-> u C„lf, )- 2 H,o 


d-OK^OOCH 


When the aeetone is replaced by ueidaldeliyde 
o-nitro-plieiiyl-lai Ile aldehyde (1) is olitainetl, 
wliei-eas with pyroraeenue aetd o-nit ro-cinrui mvJ- 
formic acid (II.) Ls produc'd: 

,, , ,, .CH(()II)Cll,.('li() 

I • / ’'■'c** 1*^. >J() 

!• ir /GH'--.tdlCOCO(lH 

These compounds under the influence of 
alkali arc transformefl into indigotin. 

' The (Question, as to ))ow far haeyer’a fornuili for 
indigotin is In ngreement with Mie eheniicaj heijaxiour 
anri physical properties of indigotin, aiul known l;u-i> 
with regard Uj the relation betw'eon colour and chemical 
constitution, Juss been disciwsed liy Madelung (/eitscti 
•augew. Chcni. Hi21, 34, 482 rt who eoncltidcd 

that the facts are more correctly interpreted by the 
forraoln • 

/U-0—Nil 

\N11—0-1-.— 

The Important jxiint in tills formula Is tJiat the car¬ 
bonyl and fralno-grouiw are at each end of a fiv«. 
memberedconjugated siTitem, thus 0-C—C-C— 

Such an arrangement is to bo found in othckvnt dyes 
of both the Indjgoid and aothraceitc serira. Indigotin 
may thus be regardul as a dorlvntlvo of the coloured 
and stable modltlcation of dibcufij'lethylenc (J. Boc. 
Chem, lod. 1921, 730 A). 
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Hpumnnn in 1890 (Bt'r. 23. 2043) dovisod the 
synthosi-i of imligutiu from phonylglyciocoll 
(f)henylglycinc). 'I'liis on fusion with alkali is 
tran.sforme<l into indoxyl which pa>‘H 08 readily by 
o.xidation info indigotin • 




llOOt.V 


Nil 


.('M, (' IL 


.('ll, I ll.O 


CO. 

AM 
i'>.('udo-indox:\ I. 

Tin- ^ (cld [iv tins iiKdiioil is c.\trcm«‘ly small, 
i)uli tins ran hi‘ improxrd bv employing in tho 
pl.u'r of ])li"n\iulyrinr, plicnylgly<'mo <»-car- 
b >\y!ii’ a( id (Mcumaiin, /hui. 3431); 

,, ,| ('COM 

Nil (‘ll.'COOll 

’J’liis imjxu'l.iiit rr.irt.i*m foriiiH'IlKx basis of 
the Jirst (‘(smotnic'iil sviitlic.'^ia of indigo, tiio 
l.ii'g(‘ scale maniifji.rtunng opci'alions of which 
were jicrfrct( hI by Ifii' Haiiisriic Amlin- c*t Soda* 
I'abrik in ISliT, prcparalinn of phrmyi- 

glyuiic o-carbovyln; jickI, naphtlialcim is em¬ 
ployed as the startiiig-p'iint. and (iic proccduro 
involv(‘d will be evident from tlio follow'ing 
formula - 


Nil 


.SapliMiaI)'ii<< I'luhaiii' ,iii]i\diidr iMiniiiliiiiiJ.'. 

oooii ,, ,, cooil 

Ml, ' .Mi-(:|[,'(!0()ll 

(Vntliriuiiiir i’liciiN i,(l\ I'liic o-r.irljfixylic a'’l i. 

c:,ii.. ‘.y, .ciicooil 

ludnx.vI carliowlic acid. 

..('ll, 



/' \ 

Cl) 

rv'"’ 





1 

CO 



(bil. 


C II 






l‘sriido-jndo.vyl. 

. (3).. ,, p COv 
'-NH>'’ Ml 
IndigoHn. 

An improved ineMiod for Ibe production of 
phcnviglycuie. o-narbox-ylic acid from anthi uiilin 
♦ td has suliseijucntly been a<loptcd, tfio K-'agcntH 
crnploytal btaiig formaldidiyde, bisulphite, nnd 
pot.v.ssium cyanifle: 

,, „ ,, ,, ^.NU (;H,-SO,Na 

'» V-COO.Sa '*"1 (;(H)\a 

„ ^NM-CH.-CN 

. ,, ,, .NIlCHg-CUOH 
-CUOIl 

Plusnylglyeim*. an be prepared directly from 
aniline by th?‘ same nudhod: 

CJlA'li. r011,(i4-fICN“> (’aHjNHjCHjCN 

“ c^M-NH Cir/.'ooir 

recently if- has hian lA'Ognised that tho 
unsatisfactory yield of indigo bv tho ori^al 
process <*f^eumann is due to tue presence of^ 
water in the alkali fusion. By the replacement 
of the sodium hydroxide with sodium amide the 
destroctivo action of the water is avoidcAf and 
the fusion can bo successfully carried out at a 
lower temperature. Tho manufactus of indigo 
by such a method bos l)ecn more recently adop'ted 
by tho firm of Moistcr Lucius & Bruning at 
Hdebst. 
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ri»tor<‘,s< in;( is alflo tlif fttfM liat })y 1 rcatrnont lias iK'on oarefully stu(li(‘(l by the foc- 

witli funinig Hiil|>hiiric acid j>hcnyiglycin(' is tories wliicli had taken up the produetiou of 
<‘onverted inU) indigotin disulphonic aoii the Hynthetical product. Sodium hydrosulphitc, 

Of other indigo HynthcHca tliat of Sandmeyer, ^ long known to lx* the best means for reducing 
at oiM' tinif enij)loyed on tin* manufacturing ; indigo in the vat, but uustablo and difTieult to 
Hcale, is <»f importance, Tho starting-point in | prej)are, has been brought into lU'w forms in 
this method is thio-carlmnilidtj ; which ili is quite stable and <'asily applied. 

Nlf-f-'aH, i Thus vat dyeing has become an operation 

' I almost «s easy and sirnjde as any other process 

’ i of dymng, and tlie (-onsumers of artificial 

obtained by tlie action of carbon disulpliidf' on colouring matters l>ccame anxif*us to be furnished 
aniline, lin's compound by tho action of with juviducts similar to indig<i in its mode of 
jiotassiuTn cyanide and lead carbonate forms : application and its faslnes.s,' but differing in 
hy(Lroeyano-earbodij)henyliinide .shad(‘ h'his wish has been s.itistied almost 


. C„ll, 

wliieli on treatment with ammonium sulphidt' 
gives the thio-amide 

Nila 

,S - (L_n -'NlR'flU-, 

The latter by heating with Mul|iliuiic ncid i» 
(!(mv(‘rted in1,o isatin ftnllifle 


and from this by redind-ion witli sulpliurettiMl 
hydrogen in acid solution thio-isatin is oldained: 


Simultaneously with its being felt. A largo 
ami constantly increasing numlxT of new vat- 
dye,s of every (“onceivable shade iias bixui offered 
to the dyer and calico-printer, who is able to 
use them jointly or in mixtures with indigo, 
and thus to jirotluee goods, tlie .sl.udes of wliioli 
are quite as durable' as the fibre itself. Some 
of the new vat-dyestufTs not only e{]ual, but 
actually exceed indigo in fastm-ss to light,, air, 
and all the otlu'r influences winch attack and 
destroy the colour of dyed fabrics. The intro- 
iluetion of the new synthetical vut-dycstulTs has 
imuigurated a new epoch of fast dyeing, the 
full impoil.inne of which will only be recognised 
in time to cnnK*. 

The synthetii'id manufacture of new colour¬ 
ing matters similar to indigo in their properties 
was at lirst- the natural I’onseqnence of the 


By the action of dilub' alkalis thio-isatin rcndilv 
passes into indigotm. A. (*. V. 

INDIGO, ARTIFICIAL, AND INDIGOID 
DYESTUFFS. Tlie elucidation of the amsfilu- 
tion of indigo, the n'sult of tlie brilliant and 
indoffttigable ri'sean'lies of .\, yon l^acyer 
(t;. has led to cnnseiiuenees of extra- 

ordinarj' importance. Tlie nu'thoda dij^covered 
for the Hvnthetleal ]»roduetion of indigo 
offered nt first little oi- no prospect of tlie 
artificial production of tliia most imjiortant 
dyestuff at prices whieli could compete w-ith 
tlie natural ]>roduct. But tho imtient and 
unceasr.ig work carried on for tlmt purpoitv- 
in the laboratories of the Badisehe Anilin- A- 
Soda-Fabrik in Lmlwigshafen gradually sur- 
inounted the existing ddheulties. Aiiilicml 
indigo appeared in the market in the 18117. 
and was .s<H)n acknowledged to 1 h' eliea])er. pui'or, 
and more easy of application than the natural 
product. New syntlietieal inunufaeturing pro¬ 
cesses which have since then Ih'Cii introduced, 
combined with a strong competition between 
tho variou.s manufacturers, ^h'd to a steady 
reduction' of prices, so that nt ]Sresent (1911) 
the synthetical dyestuff may lie said to have 
driven out the natural one evervwherc, even in 
countries in which the indigo plants are grown, 
BU<^ os India, the Dutch colonics, China, Japan, 
and South America. Tho historv of aitipcinl 
^alizarin has be<‘n re(>eated in all’it details in 
the progress of artifieial indigo. But the con¬ 
sequences of this new triumph of Bynth^tical 
ohemistiy have gone further, in that thev have 
revolutionised, the old-cHtablished European 
in(|u8tri(«v^ngaged in the produetion as well as 
the application of artificial dyestuffs. 

The old, but difficult and uncertain process 
of vat-dyeing, necessary for the application of 


iiumorouH new syiiDic.scs of imiigo itself 
gradually iliscovcrcd by various cliomists, and 
many of which proved applicable to tho produe- 
I loll of compounds similar to indigo in tlieir 
constitution, but differing from it in certain 
di'tails of c(>m|)()sition. and consequently also 
in tlieir sliadus. Many of these substances 
could be made on a large scale, and offered to 
the consumer nt moderate prices, 'j’hoy are 
now' known under tlie name of ‘ Indigoids,’ and 
till' moH' important of thcTn will he mentioned 
further on. 

'I'he investigation of indigo and tlie indigoid 
dyestuffs led, how'i'ver, to another result of no 
small importance. I'lu- connection existing 
between the constitution and the properties of 
indigo as a dyc.stulT. so long a myster}', was nt 
last recognised, and the atomic configuration 
wa.s disclosed which causes a dyestuff to be 
applicable to vat-dyeing. TJie natural eonso- 
quenee of this discoverv was the pos.sibility of 
producing, by synthetical methods, a vast 
number of new vat-dyes, whieh in their eoustitii- 
tion have no longer any similarity to indigo, 
and the majority of whieh has been derived 
from anthraquinonc, tho mothcr-.substance of 
alizarin, which has thus as.sumcd a now im¬ 
portance. 

Tho description of these dyestuffs supple¬ 
menting indigo in its appb’cations, and now 
Already exceeding tho indigoids in number is 
dealt with elsewhere (fee Vat-dyes, Modern ; 
Indanthrkne). 

The number of vat-dyea now already in 
practical use or in the stage of being introduced 
niUy be estimated at from 80 to 90, and is oon- 
stantly 'increasing. Their discove^ is due to 
tho inventive genius of many ohemista, amongst 
whom Ren6 Bol^i may be consider^ as the 
pioneer, - 



A. ArtWeial Indigo. The constitution of 
indigo is expressed by the formula ; 

• ,.CO* yVO 

1 J 


c ==. c 

Of the numerous metliods which load to the 
synthetical production of sucli a compound very 
few are applicable to its manufacture, und only 
the latter will be licro inontioiied. 

The hr.st attempt at a (cchnical synthe&ia of 
indigo was made in 188U t)v A. von liaever in 
his Gorman patent 11857, which was sold to 
the Biidischo Amlin- Ar. Noda Fabnl^ and tlii' 
Hochster Farbuerkc jointly. In this (a/Aotii- 
trocionaimc acid is us<.ui us a r.iiv material, and 
transformed into indigo by thrci' ildfeicnt 
methods. Of tlicse only the om^ wiiicli passes 
through c<r/Aonitro])honylpro])iiilu‘ aciil as an 
intcrrnodiato product found for a sliort time 
a limited and almost cxpenmcntal u|)jjlicution 
as 11 means of producing indigo on tho libie in 
calico-jiniiting. 

AnoUier nielhud (188:3), which I'oiisists in 
adding caustu' soda lo u solution of o-nitro- 
lx*nzaMeh,v(le lu acetone, wiicn Ihc mclhyl-o- 
iiitrociunams Ikeloni! formed as an intcumediate 
product is Humc(lia(<‘ly eomlensed into indigo, 
was also, in spile of its siiiipheity, unable to 
comjiele with the natural pro<luet 

In 18b() K. lli'umumi observed that phenil- 
glycmo anu its orl/meurbo-vylio acid lUX' trans¬ 
formed into iJidoNyl and iniioxylcarboxylie acid 
by being melted with caustic potash; the orange- 
coloured iiii-Hs olitiiined yield indigo on Inung 
oxydised with air in uijueou.H bolution. Tlie 
jmtenls ohtiiiiied for tluxse ivactions (I), K. 1*. 

and nuiucroufl additions; also D. K. F. 
r)tl27S and iidditioiiB) passed into tiie hands of 
the ISadjselii' Anilm- Hi Soda-J'abjik, but wia-e 
not conHidered very promising by tlie majority 
of chemists. Yet they were desluied to assume 
fundamental importance in tlie subseijucnt 
liiivclopment of the inihgo industry, ft is true 
that a good many other mvontions were necessary 
to raise them Ui tliat position. 

Indoxyl and indoxylcarboxylic acid have the 
constitution exjircsscd by the iormulu:; 


Phonylglycino oud its or^Aocarboxyliu auid aro 
proparod by the action of monochloracetic acid ^ 
upon aoiliuo and anthranilic acid : 

NHj NH—CH,—CO-011 

1 CH.Cl I 

/\ + , -Held-, 

^ COOli 


I 

\, 

Nil 




,^\,COOH ^, 'N—co-oil 




.VH—CH,-<JO Oil 

U 


'Y 


/CO 

/\/ 

/CO 

cu, 

' Nil/ 

and 

NR 


-II 

--(JOOU 


These formula', represent the so-called 
‘ pseudo bforms, wliieh arc the first products 
of the reaction. Isolated indoxyl and indoxyl- 
curbonic acid are better represented by the 
tautomesic formula': 

U Oil C-OU 


I I CH unil i:—cooil 

^NH Ml • 

( Haeyer.) 

On being tn*ated witli atmospherio oxygen 
in ftllrflbnn bolutioii tho OHO loscs Hj in the 
shape of water, tho other HjCO, in tho sliftpe 
of CArbonio acid (HjCOa), and tho so-calipd 
‘indigo bridge ’>C~C< is formed bv|wo anoh 
indoxyl complexes being unitod oy double 
valencies. 


It Wiis observed, that pii(‘iiyjglyciiio- 0 -oar- 
boxylie acid gave better yields of indigo limn 
jiheiiyj-glyeim* it.self, whieli was, on the otlicr 
iiand, cheaper and nioi'e (ai.sily aeoe.'AibJe. J>at<‘r 
on it was louud that both lliesi> glycines are 
cajiable of Ix'ing truusformod into indigo with 
very good yields if cirrf/ traev of wator is 
excluded from the alkaline nult. Tlie glyeiiio 
itself iH m tins respect move susceptible tnan its 
eaiboxyl ilenvative. Not only tho wator 
invai'iablv retauu'd by all tlie caustic alkalis 
luiidors tlie nviotjon, but also the water formed 
m tlie reaction itself. One of tho means of 
overeotning this diflieully eoiisists in tho 
addition of finely ground lime or baryta to tlm 
llK'It. 

Ill taking u}> Die manufai'lure of ariiiit'ial 
indigo by lleumaim's motiiod in tlio beginning 
of tlie ninctios tlie Jfadibchu Aiiilln* & l^oda- 
Falirik decided t.o use plu'nylglyeine-o-earboxylic 
acid as a raw matcnul. Tius dcciHioii was 
prompted not only by tiic hottiT yields whicli 
wore obtained from thin product, but even 
more ho iiy cuu.Hideratioii.s of (juiUi a different 
nature. 

If it liad been necessary to produce tho 
anthranilic acid required for Uk'. immufScturu 
of mdigo by tlie oxidation of ci-nitrotulucrio 
and sJtsoijueni reduet luii of tho o-nitro* 
bi'n^uic acid thus ofitaiiu'd, ul! tiio toluene 
; produced by tlie distillation of coal-tar would 
pnibably not havi? been sufticieiit for the 
purpose. Then; is, liowever, auother w ly of 
producing anthranilic acid wliieh cousists in 
treating plithalimide with alkaline hypochlorites 
(lIoogcwerfF's and Van Dorp’s proeess ; D. H. F. 
55988, lladAcho Anilin- & yoda-Fabrik, 1800). 

: Fhthalimide i.s easily obtained by treating 
phthalie* aiiliydride with ammonia. Fhthalic 
acid, on the other hand, is best prepared by tho 
- oxidation of naphthalene. 

Thus it became possible, by using phonyF 
glycinc-o-earboxylie acid as a sLarting-pomt lor 
the synthesis of ir ligo on a large scuc, to base 
tliis raanufaoturc on the use of naphtbaleno as 
its first raw material, a iiydrocorwin which is 
contained in coal-tar in much larger quantities 
than any other of its constituents. 

Kvei' when these coaclusiodh had been arrived 
at a ^reat deal remained still to be done.* It 
IS now known that tho ifadischo Anilin* 
8oda-FabnK had to invest about 1,000,000/. iif 

^ Jjutoad of thiH Hci(i, iircparod fti the old mannor 
from awtic acid and cfilorliie, ethyl inonocbloi%cetat« 
may be used, which can be obtained from acetylene 
by a simple nrocew (li. Jl. W. l64Br»7, i719W, SiOOiO, 
2 t>i; 2 b 8 , 2lUn02, and 216716, Imbort aiufe CoDSortitUtt 
fUr elecUochemische Industrie, Ndrnberg). 8ee abo 
Chemlkoruiitung, lUll, p. 1U&3. 
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ox|K!rim(;ntH aii'l ih^v plant boforc artificial indi^^o 
oould enter tlie world h market aH a rival to the 
natural ])ro(lu(rt. anrl tliat tin- ultimate Kucoess 
obtained is mainly due to tlie cuura^n*, inventive 
^M'niuH and perseverance! of Jtudrdf Knietscli, 
who Mijiermfended the wh<jJe development of 
I his new industry. Rut it nnmt also bo said that 
thi' Inlti'r found it.s advent well prepared by 
the developiiH-nt. which clieniical industry as a 
whole liad taken towards llu! end of the nine- 
l(‘enfh eenfury. One (jI tin' pritiei|)al advan 
l.iLO's jinaineed hy that de\il(>pmcnt Was the 
jios.Mhdity of olitainino chlorine (wliieli is le- 
<|UMeil Ixjlh for tin' ehlora<-etie and IIk' aiilliia- 
ndie acid useil in tiie indiiio jiroees.s) and i aiistic 
filkaiis at exI.tcMi'dy low prices owinyf to !}u‘ 
introdiiel ion <»t' the <-]eelrolylic deeoiiipositM)ii 
of alkaline eldondes. 

Th(' oxidation of naplilhalene into |thlh.i!ie 
acid as piaetised in former {imi‘s was eiiiii- 
hi'ous ami dillieult, and ^n\i' veiy pool uidils 
A new m<-thod W'lis diseiisei'ctl foi the jjin 
pos(^ wliK'li I’onsi.sts in tlie oxidation of mijili- 
i.liaiene j)oUsulpliomr acids 1>\’ nicaiis of very 
hlrony pyroHulplnnic acid. To oblam tlie 

latter a new proei’ss luid to lie wmki'd out. now 
known to tlie world as the catalvtu or contact 
])roccsH (.see Sui.rui'iiu’ aoid). A ecitani 
ijuaiitify of imacuiic Milpliate must. Ix' added 
m tile oxidation of the naphllialcnc sulphoiuc 
acjil ; its action is purely calalvlie and iiidi-- 
hni(<'. Tite Nul}ihur dioxidi' forim'd hy the 
I’edmtioii of the jiyrosulpliinic m-jd returns 
eontinuously into th(' matiulaeturi' of the latti'r 
'riio (oxidation of the naplitliahrie thus pruc- 
ticiillv takes phiei' hy means of atmospheric 
oxy^ien, and ])lilhalic unhylridc is e\cocdni<.dy 
eh(‘a]i if mannf.relurc'd on a lai^rc stale hy this 
procos.s. 

’!lie employment of iiiipldlialene us a raw 
material ^rendered it ])ossil)le for aitilicial indigo 
to eomjieto eornmercially with the iialural 
product. Jlut It was dcMmed to metl itself 
with a veiy .serious lompetitum which aiose 
from li diseovuay made hy .). I'llej^er of the 
DeiitHehe Gold- A Silbei'.Selieide. Ansi alt in 
h'rankfurt o/M., who observed liiat the de¬ 
structive iulluonee of water in the alkali melt 
of plienylglvciue could be eoinjiletely climi-' 
nated by using, not sodium liydroxide. but 
sodamidi' for ellVeting the transformation of 
the glyeme into indoxyh Sodium oxide and 
gaseous unimoina are instantly formceV bv Hit' 
water produced in the condensation of the 
glycine according to the following iea(!tion : -- 


NHCH.-COONa 

t 

NH 


j ; -i NllXH3-.= j 



\ 

'CO 


Sixlium Sodaiiildc. 

ludoxyl 

SiKiium cxlilc. 

suit of • 

(jiscudo- 


phopyl- 

glydne. 

toriii). 

a 


The low inelting-iH.int of siaUniVde. which 
may be dihitcal with potas.sium or sodium 
eyanitk'S (which also liav(' n low nieltmg-jfoint) 
inakcK it po8.sible to carry out tlie pmeens at 
the low tcnux'rature of ISO'^-iUO” C., wiiieh 
favouiw llid^ jiitHluetion of almost theoretical 
yields. Of course tlie process is also apjilicuble 


to the transformation of phcnylglycine-o-car- 
boxylic acid into indigo. 

It is true, that sodamkle can only ba 
jirepared by llu* action of ammonia upon 
metallic sodium ; its price is tliereforc a high 
one; on the other hand, the advantages to be 
obtained by its use arc very great and make it 
jinssible for this process to compete with the one 
adojiled bv the Badisehe Anilin- Soda-Fabrik. 
It was fliorefore acquired by the Hdchster 
]''aibw(‘rke. who an- now producing a con- 
^idenihic' share of the w'orld’s con.sumption of 
mdigo. 

'I’lie enormous increase of the world’s pro- 
diictjun iK'nzene. caused by the general 
iiitmduction of b\’-pru(luet c-(>ke-o\ens, and tlie 
very hiw prices uf amliiie caused by this over- 
[iroduetioii, has also favoured the siieeoss of 
I’lh'gi'i's invc'iil mn. 

OOiei syiillielical methods liave been de¬ 
vised which lead from undine to indigo, such as 
SiimlnK'yer's and Idank’s. Hut they cannot 
eom|)ete witli the incliiods dcsenlied, and have 
tlierelorc' never licen (inricd out on more tlian 
an experimentai scale. For details uhoiil these 
proees.ses, Koiiie of wdiuh nic exec'cclingly 
int<“i'estmg from a theordieal point of view, the 
exisliiig work.H on the chemistry of eolouring- 
niatti'is and moie especially the patent literature 
should be ('(insiilti'd. Soim* of these proeexses 
may jaissibly iissuine eonsidernhle iniportiinee 
as a means ol piodiieirig iruligoid dvestuffH, 

The caimplete insoliilnlity of indigo in water 
and aqueous fluids makes it imperativo that th(‘ 
(lyestulT should he in u state of extremely tine* 
siilidivision, and lliorouglily moistened before 
lieing introduced into tlic vat. .For this reason 
tile duel's used to grind the natural product with 
a (‘(‘rtain pi'ojioition of water in the well-known 
mdigo-mills. Tlii' unneeessary trouble cuusial 
liv tins pieliminary Ireatrnent is sjiaied by the 
form which lias born given to the uriilieial 
dye-stuff, which is generally uold in tlie .sliape of 
a paste eonlaining 20 p.e. of pure indigotin. 
For export, wliore the reduction of carriage, 
iind in many eoiintiies also the imjiort duties, 
have to be eonsideied, stronger pastes may be 
})re]iared or even the shajio. of a dry powder is 
chosen. Much trouble has been taken to reduce 
Hie indigo to the greatest possible fineness. All 
the modern mean.s of powdering and grinding 
have bc“eu utiliBcd, and also the method of 
jiieeijiitating indigo from its .solution in .sul¬ 
phuric acid (in w'liieh it is contained as a 
sulphate) by the addition of water lias been 
rosorted to. 

The woild’s annual consumption of indigo is 
estimated at more than 5,00b,000 kilograms of 
till* pure dvestuff. In MMX), tliat is three years 
after its introduction, tlie artificial product had 
secured about ono-tenlb of this quantity. 

At present the sliortagn in the supply of 
indigo, which existed from the outbreak of war 
lentil tJio latter part of 1910, has stimulated in 
a very marked degree the cultivation of the 
indigo plant. In British India the total area 
under indigo in 1910-17 was 7.‘»(i,400 acres, 
lieihg 114 p.c. ill excess of the acreage of the 
prq.ceding year. The coiresponding increase in 
tlie total yield of indigo was 73 p.c. In 1916 the 
amount of natural indigo imported into the 
United Kingdom was 25,157 cwt8., whereas in 
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ten monthf? of J910 the import waf^ 28.245 cwte.; 
the latter is jiracticolly .equal to the largest 
amount of synthetic indigo imported into the 
United Kingdom during tlie period 1911-15, 
the maximum being 28,^2 cwts. for the year 
1912. This increase in the cultivation of the 
indigo plant is iK’ing accompanied by u syste¬ 
matic and scientific inquiry into the agricultural 
conditions affecting the growtli of the plant, 
and the formation of indican (G. T. Morgan, 
Reports of tlie Progress of Applh'd t'heinistrc-. 
1017, vol. ii. 120). 

The valuable properties of imligo iis a dye¬ 
stuff are a function ot the peculiar atomic cun 
figuration which conneclh flu* two pJicnylcnc 
radicles. My the ic'duction in (lie vat 2 atoms 
of livdrogcn aic taken iij> by this cumplcx and 
indigo wliitc IS forim-d, the exact I'onstitution 
of wliicli IS (ioubtful. iful It IS now generally 
acknow'ledged, tiiat in Icuci'-nuligo hvdro.w I 
grotijis iiave replaced l)n' ketoiuc oxygciiH of 
indigo. I'hesc* hydroxyl groups posses;, auxo- 
chromic; charaefors, and arc rcspcuisiblr for tiic 
ab.soiqition of the indigo white by the tdire. It 
follow's that every other slrongly coloured 
aromalac substance whicli contains at least two 
reducible carboiul giou|i»s mu.st. be* endow’cd 
with tho properties of a vat-dye. This con¬ 
clusion has been stiicfly coiiJiriiK'd by modern 
mvoBtigalions and the whole modern develoji- 
ment in the production of vat d^cs has been 
built up on it. 

B. IndlgoWs. - The congeners of indigo may 
be divided into two ditferent classes. One of 
tlietu contains Uie true deiivalives of indigo, in 
winch one or more of the 8 hydrogen atoms 
of tlie two plienylene groups lue rcjilaced by 
(■ther HubsliUients ; the other cnibiaces sub¬ 
stances which are strictly analogous to indigo 
in their constitution but dilfcrcnt from it in 
tlio construction of tiu“ compli'X connc'ctiug the 
two phenylene group.s, wliich in Ibis case us w'cU 
as in that of indigo may liavo their hydrogen 
atoms replaced by otlior substituents. An 
• normouH varii'ty of new' il^estulfs may tlni.-i 
be synthe.sised, all of which contain tlic chu- 
ructeriatic cliromoplioric grou[) of indigo : 
—{JO- t:=--c-cu— 


: of indigo. The propertieu of the products thus 
obtained, their shade and fastness, vary strongly 
not only with tho numlier of halogen atoms 
introduced, but also with tboir relative position 
in tho molecule. Of tho mono- and di-sub- 
stitulcd indigos tliose which contain their 
: haUigen atoms m the p-position to the imiiio 
i groujis aro very Minilar to indigo itstdf; those, on 
: tlie other hand, in which tho p-positiona to 
the koto gri)U]»s aie taken U]) are no longer 
bine but reddiHli-violet in shade. Tho cli- 
bronio-indigo eorrespomling to this eondition 
has been jiroved by I'riedlaiuler to ho identieai 
wifh the jtttrph of {he onaeutfi [ij.v.). In spik' 
of the fame which this dyestulf onc<' possessed, 
mtKlern iiidu.slry ha.s not thought it sulUciently 
valuable to be iiitroductsi into comnu'ri'e. 

Jf more than tw(< atoms of halogen la* intro- 
! (bleed info the molecule of indigo tiie ilyestufTs 
obtained become more and more brilliant and 
gieenish m shtub' 'J'lic first of these vabiubie 
dyestuffs introduced wa.s tetrabromo indigo; it 
was j>repuied by ilie Gesellsebaft fur (’bemisehe 
: Indu'-trie in Basie and brought out as ’ {'i/«i 'Muv 
‘ {'iba ' being tlie distinetice name adojited for 
all the vat-ilves of Ibis factory. J'iie eorre- 
I H|ion'hng tetracbloniiated derivative is ‘ llril- 
I'lut mrivju 2B ’ of the Budjsehe Anilin- He 
\ Sodti-b'abrik. I’eiita- and bexabronici'imiigo arc 
j still mor<' grcs'iiish, and arc now' being inanii- 
I facluix'd by various tirniH, 

1 Jt is, of eoursi', also possibli; to HubsUtutc 
i some of the liydrogen of the indigo moJoeiile by 
j oigimic nulieles. 'rinis we come to tho liuino* 
! logiics of indigo, several of which have U'cn pre- 
' par(’d. They aiv all very similar to indigo and 
(iffev no special interest. This is also tlie casi* 
with naphlhytindigo, tho shade of w'hieh is a 
dull gicon. it.s dibromo dcriviitive is mucli 
clearer in shade ; it has lasin hrought out as 
' (.'tha-i.irciit, ft' by the Basic firm^ already 
mentioned. 

(/>) Mtdnjnidi, m ivhiih f/ii ccfUral complex 
(liJJ'tn f rom that of tiulifjo. —hi order to under- 
stand the nature of these eornpouiids wo must 
reconsider tlie constitution of indigo. It eon- 
sisls of two phenylene gioiijiH, linked tog'^ther 
the complex • 


I 1 

(n) iiobstilutioii piodiLct-i of iinlujo. — Thc»e 
may be prepared by treating imligo with suit; 
able reagents or by using suitably substituted 
ingredients in any of tho synthetical methods 
for tJie production of indigo. 

Une group of these substitution products lias 
been known lor almost a century, and used 
formerly to be manufactured from natural 
indigo, viz. the sulphonic acids derived from it, 
commonly known under the name of huivjo . 
i'annine.. As these cannot be used as vat- , 
dyes, they need only be mentioned here. They 
aro now invariably prepared from artificial indigo J 
and still used to a moderate extent in woul^. 
dyeing, although they have Ijeen largely sujjer- 
seded by other soluble blues. Tiiough derived ! 
from one of the fastest dyesfeuffH known, the * 
iiidigoenlphonic acids aro, strangely enough, of 
an extremely fugitive nature. ^ 

The halogou derivatives of indigo |re very ; 
numerous. Aa many as six atoms of chlorine 
or bromine may be introduced into the moleciile 


CO. 


C^C 


, C(i~ 


.Vow in l^s complex the group -C0-C=0-C0* 

is tlie indigo chroinonhoro which connocts uU 
these dyes into one lamily and it cannot bo 
touched ol' altered without destroying tho 
wliole character of thi* compound and its nature 
as a vat-dye. Tt^oHows, that tho onW changes 
possible in the central complex of tlio indigo 
molecule must be confined to the two imino 
groups, which may either be allored by their 
fiydrogviTi being substituted, or bv their being 
shifted into other positions, or by being entirely 
replaced bv other atoms or atomic comtilezes. 
All those cnanges have boon accomplished * 
As an interesting example of t4ie first of those 
alienftions two dyestuffs may be mentioned : 
C't&a- Yellow 0 and Ciba- Yellow 00. They 
arc prepared from indigo and totrabromo-indmo 
by the substitution of two benzoyl groups lor 
hydrogen in the imino grcujis. The constitution 
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of Ciba-Y(’llow G is thus cxpresHcd hy the 
formula : 

, ,C'I GO 


I 


C-C 

K 

/ 


"l 

/ 


Uruzoyl efil(»n(l(‘ dofH not tict- iijjoii indigo undi-i 
oiflinarv <’ir(’unistan(.cH, but if a traco of metallic 
coppiT !)(’ ad<I(*d, its catalytic action cauach ili(‘ 
substitution of ilio hydrogen by the benzoyl 
group. TJiis inien'sting manufacturing process 
lias iM'cn invented by (J. 1‘lngi. 

If llie irnuio groups are to be shificd or to be 
exchanged for other eoinple.xes, IhiH cannot be 
doiio by starting from ready-formed indigo. 
'CJu' now' dye.sfulT has to be built' up syntheti- 
ealiy. According to tlio synlbetieal methods 
adi>])te({ wo can obtain indigoids of ('ither 
symmetrical or asymmetncal constitution. 

One of the first instaneos of su< h a syntlu'sis 
was tin* proee.ss by whii^h A. \ on Haeycr prx'jiared 
Indirubin. the i-ed dyostulT alwaxs eontaini'd in 
natural indigo and tirnt ohsorveil by Jlei'zelnis. 
This suhsluneo is formed if alkaline solutpuis 
of indoxv! and isatm arc nuxed in the cold: 


- N H ® ^ 


- ('() 
a\ 

Isatiii 


• CtK 
'-Ml ' 


coll 


CO 


Mi i HnO 


The latUif is treated with monochloracotic 
acid, and thus transformed into 
« 

|-S—CHj—COOH 
I j-COOH 

J’hcjiylthioglyciuc-y-carbux’yJic aeiil 
whicli is, of course, quite analogous to 

I |—NH*-CH„--COOK 

' COOH 

I’licin IglyclnO'O-eaihcpxylic add. 

Ily melting with caustic soda thioindo.xvl- 
eai bft.wli;' acid 


-S'- 

CO 


rcii-cooir 


is foruK'd. wliicii. on heing o.\i<liscd, yichls 




C-U 


S- 

oc 


lndirufnu is an asymmetrical indigoid in 
which both tlie ohromopliorie complex and tlic 
two imino groups are stdl jireserved. but tliey , 
liuvo changi'd tlieir relative j)ositioi\t in tin* | 
molecule. Indiruliin is of no value as u dye- ; 
stuff, but tetrubromo derivative, prepan'd 
by (j. Kngi, is a usi'ful viohd and sold under the ; 
name (hba-Ih holropt. ; 

If the immo groups arc to be e.xchanged for i 
t>ther divalent complexes, oxygen auggesl's 
itself as a suitable substituent. ‘Oxygen 
indigo ’ has been prepared by .Triedlunder, 
but it proved to Iki a very porir dyestuff. But the 
.same chemist obscrvetl in llMto. that sulphur, 
lutroducetl into tlic posititin of the iimno groups 
in indigo, 1ms an excellent eOect. A dye-stuff of 
a deep bluisli red sliade and cxlraordinary 
intensity and fastness is formed, wh*cli is now 
known as Tfiioindigo red and manufactured by 
several linns. It was the tii-si I'cally applicable 
red indigoid and the process by whicli Fried- 
lander lirst pnqiared it was protected by the 
German Mtent ltM237 by Kallc & Co. who bought 
Friedlander’s invention. This process is in all 
its stages strictly analogous to the synthesis of 
indigo from phenvlglycme-o-carboxylic aAd, but 
'the nitrogen occurring in the latter isV'verywhere 
replaced by sulphur. Thus in the first sta^e 
anthranilic acid is replaced by thiosalicylk acid 


I t-NH. 

's^ J-tCOOH 

AuthranlUc acid. 


CX)OH 

TblMuUcylic acW. 


'rhtoiniU«o Red 

Tiijf^ juoeess muy be simpldied )>} an inveii- 
lioii deseiibed m the (h'rman patent 187o8(i of 
tlie («cs(‘l!,sehaft fur (iliemiselie Industrie in 
Basle, aeeiudiiig to winch the phenylthiogly<'IiU'- 
o earbo^xylie acid is simply boiled with nitrolien- 
/en«‘. Condensation and oxydation take place 
simultaneously and the red dyesLuff is dojiosited 
ni glistening crystals. 

Another extriunely simjile metliod for the 
iiroduetioii of this dyestuff has Iieen mvented 
liy K. .Munch, and patented by the Jhuiisehe 
Ariilin- A’ iSodii-Kabrik (French* Put. 1185044; 
(Jei'inan Pat. ajiplieation II 478111). It consists 
in treating the salts of Ihiosalieylie acid witli 
(iiehloroethylene. This compound, ns a rule so 
felmiant- to part with tlie chlorine it contains, 
in tins ease acts most readily, connecting two 
molecules of thij acid, thus fonning tlio whole 
chain of atoms required : 

ti\/\ 

I H H II 

/ 'COOH HOOC.''\/ 

By treating this preduct willi chlorosulphouic 
acid twc> molecules of wat<‘r are eliniinatiid, and 
the central complex of thioindigo red is formed. 
It suffices to and whUt which precipitates the 
dyestuff in a very pure condition. 

Thioindigo red is extremely fast, but un¬ 
fortunately its shade is not favourablo to a 
verv largo consumption. An indigoid of a 
brilliant scarlet shade was required, and this 
was found in the asymmetrical representative 
of tliis group. 

Thioindigo Scarlrl. —This compound is ana¬ 
logous to indirubin in the same way in which 
thioindigo red is analogous to indigo, and it is 
^Iso jireparcd by the method suggested by this 
analogy ; thioindoxyl 

i r 

(oi, as <t is often called, oxythiunaphthenc) is 
I treaWd in an ulkaUnc solution with isatin (yes 
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equation for th<} formation of indiruUin). 
has consequently th(^ constitution 

/\ CO^ 

-C=*C .NH 


-S 


and is not only asyinmotrical. but also a ruixpd 
indigoid, containing both niil]>lujr and the imino 
group. 

Bol 


Both thioincligo ind and scarlet yield many 
new dyostufTs by the substitution of halogens 
and other substituents for hydrogen in tneir 
phc.nylene groups. They dye various Bl|a<ios of 
scarlets, blui.sli-reds. and reddisK-violcts, and 
several of tliem havi* come into use as serviee- 
able vat-dvea. (). N. W. 

INDIGO COPPER, ('apric sulphidc . 

INDIRUBIN t’ I.VDIQO, NATI'RAI.; Indioo, 

ARTIFiaiAI,; I.S'DOXYI. COMPOC.N'1)S. 

INDIUM. Symbol Tn. At.wt. ll-l'H (Thiel 
and Mathers) tndium beltings ♦<! the iiluminium 
group of the eleineniK. and was diseoven'd in 
Freiberg zine blende by Reich and Uichter in 
lHb3 by means of sjioelrum analysis, Tt also 
occurs in small quanlitios in other zinc, blendi's, 
in Hulerjfc(*s, and in various tungsten and 
manganese ores (Hartley and Haniage, f-hoin. 
Soc. Trans, J8il7, 533). Tfie metal can bo oli- 
tained from tlio oxide by ignition in a curnmt of 
liydrogen or by fusion wjtli .sodium (Winkler, 
J. pr. Cheni. 1807, 102. 273) It cun also be 
obtained pure oloctrulytically from the chloride, 
nitrate, or stilfdiabc (Dennis and (Jeer, Bcr. 1004, 
37, 0(ii ; Thiel, ibid. 175; .Mathers, d. .-Vmor. 
(Jhem. Soc. 11)08, 30, 200). 

Indium is a white, niatUfy malleable metal, 
softer than load, and is not attaeked by air at 
ordinary temperature. It nan be obtained as 
regular octafiodral crystals ()Sachs, Zeitsoh. 
Kryst. Min. 1!K)3. 38, 495: Tliiol, l.r.). having 
sjigr. 7-277 at 20'. and m.p. lo.T'. It dissolves 
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spending magne.sium indato (TnO).jOjMff.3ET,0 
is formed by Uiiling a solution of indium i^iloride 
j with magnesium chloride (Reiw. Rer. 1901. 34, 

1 2763 and f.c.). 

Halogen salts. Indium forms three chlorides, 
InOl, Tn(’l.j. TnOlj; the last forma n ery-atalllno 
compound with pyridine 

inClj-SCsHjN 

m.p. 253“ (Dennis and (^'cr, l.c. ; Clmbrie and 
Rengode, (.Jornpt. rend. 1001, 132, 472). Throe 
eorroaponding bromides (Tliiel, Ber. 1904, 37. 

175), and iodides, the friJlHori'des, InFj.SHjO and 
InFj.OHjO (Thiel, l.c .; Chabrii!' and Bouohonnot, 
(^ompt. rend. 11K)5, 140, 90). an onjchloride 
luDCl, an iodate, and a •jyireMorale (Schluodorberg, 

Amer. Chem. See. 1908. 30, 211) arc known. 

Indium trisulphide In^ST i.s a scarlet powder 
With metallic, lusl.re whicli, wlieii lieated in 
liydrogen, fi^nns the monosulpliidi' In^S, whicli 
is a brown powder. Both .sulpliidos can bo 
obtained in a erystallini' form (Thiel, l.c.). 

Basic Indium sulphite In.i(SOd;,fnaO.,.8HjU is 
a crystalline powder whicii is obtained when an 
nnliuin salt i.s boiled with afutl sodium snlphito. 

Indium also forms nulphatejt, nitrates, the 
moUjhdnU'. lng(Mo() 4 ) 3 . 2 lIj(), the philino-cyan’ 
ide.' ln4['l^((1N)4]3 (Renz, l.c.), a sekiuiU 
(Seliluotlerborg, i.c.), nranale, luryjfttnte, and 
NUir.odnnfisUitM (WyroubofT, Bull. Soo, Fran<,’. 
Mm. 1907, 30, 277).' 

Indium ammonium alum 

Tna(S04).i(NfT,)iS04,24H.4(> 

(also witii 8I£,0) forms woll-dofiuod rogular 
ootahodra. Similar alums are formed with tho 
Kuljihatcs of rubidium and coisium, but tho 
analogous salts with potassium and sodium arc 
not pure alums (Cliabri6 and llcngado, Compt, 
rond. 1900, 131, 1300 ; 1901, 132, 472). For its 
spark spectrum, v. .Schulomann, Zeitsc^. wiss. 
Photochora. 1911, 10, 263. 

INDOliORM. Trade namo for a mixture of 


slowly in hydrochlorie. sulphiinr-, and nitric salicylic acid, aootyl aalioyiic acid, moistened 
acids, and when heated in the blowpipe gives a wit h forinaldohyde solution, dried, aud perfumed 
blue colour and an incrustation oi the oxide, with methyl siilicylato (v. Syntiiei'IC drugs). 
Indium forms a series of isomorjihous mixtimvs INDOIN5 (Sufromne. azo-cohurin^ vuUfors). 
with lead (KurnakofT and Pnsliin. J. Hus.s. The name Indoin blue R is given to the. basic 
Phys. Chem. Soc. 1906, 38, 1146; KumakotT tannin colouring matter which i.s formed by 
and ScliemtschuNchny, Zeit.sch, anorg. (^hom. combining tho liiazonium ^It prej^ared^from 


15XK), 64, 140), and alloys with gold, tin, gallium, 
and sodium. It also combines with selenium 
and tellurium, forming blaek maswH with a 
metallic lustre (lU'uz, Ber. IfWf, 37, 2110). In 
its compounds, indium appears a.s mono-, di-, 
and tri-valent, but only the latter are stjiblc in 
ar|Uoous solution. 

Indium oxide In ,03 is a pale yellow jmwder 


.safranine anti nitrous acid with )3-na.phthol. 
The compound is of some technical importance 
and dyes» both unmordant/>d and tannined 
cotton fast indigo shades of blue. 

I'he name indoin was also given by Boeyor 
(Bor. 1881, 14, 1741) to a blue compound 
resembling indigo, having tho composition 
L’i,lItoDsN 4 , prepamd by tho action of reducing 


wliich, w^oording to Renz (Ber. 1903. 36, 1847). agents, for oxampliffemms Hulnhato, on.phonyl- 
is converted into two other amorphous raodifica- propiolic acid dissolved in sulphuric 
tione wlicn strongly heated (Meyer, Zeitsf^li. ^ , 

anorg. Chorn. 1905, 47, 281). At 1000“ the INDOLES. To this class belong a senes of 
oxide is partially converted into chlorine-green compouiifLs, many members ob wmch aro^ ot 
.shiningcryataIfl{Renz,I.c.2751;'rhiei,I.c.andBcr. .considerable importanoo from tho bio-onemical 
1906, 48, 201). A lower oxide, TnaO^, also exists, standpoftit. 


Indium hydroxide In(OH )3 resembles alumin¬ 
ium hydroxide, is converted into the oxide by 
heating, dissolves in potash but not in am¬ 
monia and readily forms colloidal solutions iq 
the absence of eleotrolytes. 

Indium hydroxide behaves towards mses as 
a weak acid; when carefully dried at 100°, tho 
meia acid In'O’OH is obtained, and the oorre* 
VoL. ni.— T. 


They are^erived from indole C,,H|N, a com¬ 
pound which is related to indene in the manner 
shown 4)y the following forrauI» :— 


CH 


/ OH.s. 


N:iH, 

Indene. 


,CH 


1 


:/ 


;CH 


Indole. 


2 fl 
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TIhj indolo dorivativca which occur in llie 
orj^anisni arc riion; or leas closely related to 
tryptophan {q.r.), a substaneo which, according 
to the jat«-st investigation is an indole-amino- 
propionic HCjd. 

1nd(ih‘ was lirst obtained by Ibieyer by 
(liMtiliing with zinc dust, either oxindole 

or the product obtained by 

reducing indigo >sith tin anil hydroclilorio acid. 
It is also formed wlien o-nitrocinimniie. acid is 
(liHtilh'd -witli caustic jiotash and iron filings 
(Baeyer and Kinmcrling, Her. 18(59, 2, (580) ; 

p .ni :CJI-(J0.1I 

J{|.. ( li-iCO.-Ml, 

It can also be ju'oduced by passing the vajioui 
of 1‘tliyl aniline and otlier alkyl anilines tlmnigli 
a red-iiot tube (ilac'yer und Caro, J>er. 1877, id. 
(592, 12(52), but the best inetliod of pK^jiaration 
IH l)\ the aetion of dicliloretJicr 

on aniline. A mixture of 50 grams of aniline 
witli an equal bulk ol water is bi-ateil, and to 
the lioiling liquid 25 grains of (hclilorelher are 
gradually added. The boiling is continued for 
an hour, after wliieh the water and excess of 
aniline are distilled off and the rcsi<!ue is licated 
for about A hours at 2i()° 230'. tin disltiling 
the product witii Hteam, mdole pusses over and 
may b<‘ jiurilh'd liy conversion into tiie jiicrale. 
In this reaction, ('Ihylidene di-unihno is IIi’nI 
formed winch, on lieuting to a luglier teiiqieru- 
tun', bleaks down into indole and aniliiii', 
thus : 

(VJr>:(dl-(’ll/NH(VJ/."^CJKH:N4CjII„NJlB 

Indole foriiiH colourless, lustrors lamnue, 
melts at 52'" und boils witli jiartiul decomposition 
at 253®-254“. U is readdy volatile in stodm 
and is easily soluble in boiling water and in 
alcohol, etlier. and benzene. \Mien nitrous acid 
IS addled to an aqueous soliitioii of indole, con¬ 
taining nitric acid, nitro.^oindole nitrate is piVei- 
jiitated in tlie form of small ri'ii needles. An 
aqueous solution, or t lie vapour of indole, colours 
a pine chip moisU'iied with lixdrocldorie acid 
and aleoliol cherry-red, llie eoloun afterwards 
changing to reddish-hrown. Indole susjiendcd 
in water and oxidised with ozone yields traces 
tif indigo (Neneki, licr. 1875, 8, 727). Indole is 
a weaK base and forms, with •(concentrated 
liydrocldone acid, a .sparingl^ .soluhle salt which 
is dissociated hy boding with waier ; the picratc 
is procipitab'd as dark n'd needles wlieii a solu¬ 
tion of indole in light petroleum is trx'nted w'ith 
picric acid. 

AoetyliDdolf (\'H,N{CgH.,0), which is formed 
hy the action of acidic anhytinde. meJts at 182‘^-^ 
183^ Indole accomjianies scatolc as coproduct 
of t he jiutn'faction of albumen. 

of indolr .—The liomologues of 
indole are most readily obtained by heaAing the 
plienylhydrozones of ketones of tlie formula 

^ o R' -CO CH j or R' CO C:!! JV 

or the phenyl hydrazones of the aldehydes of 
the formula H'‘CH,’CriO, with zinc chloride at 


! 180®. The zinc chloride abstracts the 
of ammonia thus : ' 

C„H,NH*N:C(CH3)2 
Acetone phcnylhydr.'izone. 

NH: 

g-Methyliiidolo. 

' but the reaction is difficult to express by meam 
I of structural formula?. Indolo itself cannot be 
j prepared by tliis reaction. 

! lndole-3-propionic acid (scalole-acetic acid) 

Nil 

This substance was isolated by Is'encld (Monatsh 
1880, 10, 5(Mi) from the produi ts of the putre 
fnetnm of albumen. It lias b(‘en syiilliesised bj 
Elliuger {Ber. J!l(»5, 38. 2881) by tiie action o: 
aiciiholie sulpluiue acid on t he jdienylhydrazoiK 
of y aldoliydo/.wihulyric ester ; 

Cll.ddl.tJI^COOU 

r,H, (Jii 

d:-ClU‘(’ll/(’()()R 

; * ;>CH H XII, 

, NH 

j Tlio acid erystnlliscs from water as jirisnis whici 
melt at 13r'. 

Indole-ll-acetic acid (scaioli' carboxylic 
('('H;j-('C)()I-! 

: iu'id)C'«Il^ ■■ (dl , 'riiis hubstaneo WQf 

Ml 

isolated bv E. and II. Salkowski (Bcr. 1880 
13, 2217) from the products of the jiutrcfactior 
i of albuinrii. It lias been iirejiared by Elliiigci 
: {Her. 1004, 37, 1803) by tlio action of alcoholic 
, sulphuric acid on the phenyl hydruzone ot 
I methyl aldrhydojiropionate 

i Cll3‘CH,-C()OK 

; i 

I Kn ' 

.CV-rHa-t’OOR 

! 4NH3 

The acid forms small leaflets from a benzene 
solution which melt at 105° and at the same 
time oliminaU* carbon dioxide, yielding scatole. 

/C-C1I3 

Scatole (3-mothylindole) C-Hi/ ^CH. Thit 
^NH 

substance occurs as a product of the putre¬ 
faction of albumen and is also formed by the 
i fusion of protein substances with potash. It 
! w’as first discovered in human faeces, of which it 
I forms-the chief volatile constituent (Brioger, 
; Ber. 1870, 12, 1086); it also occurs in the wood 
I of the cinnamomea (Linol.), Java {Dunston, 
j ('hem ScK’. Proc. 4(5,211). It is formed with indole 
wlu'n the product obtained by reducing indigo 
by means of stannous chloride is distilled with 
,rino dust (Baeyer. Ber. 1880, 13, 2339), and can 
be prepared by heating the phenylhydrazone 
of propionic aldehyde (jHa*OHjCH : 
with an equal weight of zinc chloride and dis- 
tilling Uie product with steam, or by heating 
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tetrahydroquinoHne at 180® in presence of 
nickel. 

Scat-ole fornis lustrous lamina?, molts at 95® 
and boils at 205°-20fl° (corr.) under 755 min. 
nressure. It usually has a sironc; ffpcal smell, 
but when pure is stated to be without odour. 
It dissolves in eonecutrate<l liyilrochlorie neid. 
tormina a violet solution. 

d'H 

1-Methylindole Cjir,.' t'ClI. When the 
XC'H, 

met-hvlphenUliydrazone of pyriivir arid is tre.'ited 
witli liydroeldoric' aeid it parts willi the elements 
of ammonia, yielding 1-nietli) lindoloc.trbovylic 
arid • 

t'H ('ll 

—> .C('(mi -X’cll,. cli 

' N CH, 

On heating this efmipoiind to 205" it parts with 
earhon dio-vidc. forming 1 .iiKdliylifidoIc' (Iv 
Fiselx'r and Ile.s.s, ifer. J.S8J, 17. 5ti2). Acoonl- 
ing to (’arraaet) and Padoa ((Ja/y ehim. ita! 
1907, .'17, II, 4tt). this Huhstame is also formed 
wlien dimethyl-o-toluidmi' is drop]ied into a tube 
jilled with miuecd iiiclo'l liealed to HOO’-UIlt)®. 

1- methylindole js a yellow nil Mdiiedi lioils 
at 210® 2-ir'‘ (corr.) inid'T 72(» mm. ffh'Ssure. 
It Ims Hjigr 1 t)707 !tl 0” and docH not solidify 
lit -20 '. If colourH a }>jni- elii]) moistened with 
hydroeiilone and reddish-violet.. 

2- Methylln(iole C,,ir,. (.'f'H.,. Tliis 

compound is forineil from o-nitroplienvlueirtono 
by ivduelion with yin<'-dus1 and ainiiionm. when 
tlie o-amino})h(myliieetc>n(', wliieii is lirst formeil 
in thct reaetion, eliminates water and jiasse.s into 
2-metIiyl inrlole (Haeyer and .laekson. Per, 15, 
1S7). It can also be fornn'il hy heating acotone 
phenylhydmzone with live times its weight of 
zinc chloride for half an liour on the water bath 
and tlien for a few minut-es at 18(P {R. Fiselu^r, 
Annalen, 250, 120). 2-Methvlindole forms 

needles or lamniie, melt.H at 50‘~(>0® and boils at 
272" (corr.) under 7.50 mm. pn'ssun-. It lias a 
smell rc.seinbling that of indole, is sparingl# 
soluble in boiling water, but i-eadily disscjlves in 
alcohol and in ether, ft eoloiirs a jiine chip 
moistened with hydrochloiie acid red. 

J. F. T. 

INDONES r. Indkne. 

INDOPHENOLS e. I.vo.^Mi.Nh..s and Jnj>o- 

riM'Xi)!..'?, 

INDOPYRIN r. .SvN iunrK’ drugs 

INDOXYL COMPOUNDS. Wh. n the iiydto 
gen atom aitnehed Ui one or other of tiic two 
earlxin atoms jiresent in tiie tive-memhered ring 
of indole ia rcjilaccd bv liydroxvl, two isomeric 
compounds may be formed which arc repre¬ 
sented by the two formula?: 

C-OH /CH • 

■<-'H f '] 

.Nil V/' NH'' 


which may bo roprciaentwl by the further 
formula : 

.00 ^.CH. 

)cif, r ] )oo 

NH \ NH 

psoiKlo-liulovyl (keto form). O\la<1olp(lcotofonii), 
labile. stablo. 

The two modiheatiotiH an', in these cases, 
tautomerie, tlmi is to say. only one form can lie 
isolated (stable form), but this variety eun, 
under eertain eoiuUtion.s, yield derivatM’ea of 
tlie oilier moditlcation (labile form). 

As shown l)y the above expressions, the enol 
(or liydroxy) form <if indo.vyl is the stable variety 
of tins siibstnnee, whmvas the stable form of 
oxindole ('/e) is n'preHoivti'iL by tho koto 
strneture. 

Indoxyl 'ibe isolation of 

indoxyl was first efTenfi'd in the fullowing way. 
Jt. hail hei’ii noticeii in thf‘ IHth century that 
under eertain conditions Iiuinaii urini' ileposited 
a hlui' colouring matter, and the tirst recorded 
obs»ervation of lliia fact is ascriiied by Thudi* 
ebum (A Tm'atise on th«* Patbology of Urine, 
London, 1H77) to .Iiimis Planehus, in tfie year, 
I7t>7. Seiiunek, in 1857. suggeRted that the 
ehi'omogen of thi.s blue eolounng matter, which 
hail previnu.sly been identifieil as indigo by 
llelli'r and Kli't'/.inski, was the same as indioan 
which ho liad isolated from wtiad. This was, 
how'i'ver, disyirovod by Jlnumann (Pfliigor’s 
Archiv 15. 291), who, with Lriegor (Zeibsch. 
physikal, Choiii. 1870, III, 258), isolated the 
eliromogen from unuu and showed it to be 
indo.vyl Huljilinnc acid. 

SubHeqiiently. Haumarm and Ticinann (Bor. 

] KHO, 15, 41.5) sliowed that, like phenol sulpliiiric 
acid, iiHioxyJ Huljdiurie acid is di'coiriposod by 
acids into snlplmrie acid and a pnenniic sub* 
stan(;g‘—indoxyl--and tiiat this compound Is 
quantitatively convert-ed into indigo on oxida¬ 
tion. Subsofjuenily, the synthesis of indoxyl 
was efTi’C'ted liy Baeyer (IJer. 1881, 14, 1741) by 
th(‘ following w'ries of reactions. Kthyl o-nitro- 
l>henyl yjropiolatc is first converted by shaking 
with I'oneentrated sulphuric at i<l into ethyl isato- 
genate (molecular rearrangement) t 


/ 


CffUC’dl, 


(JO-UCOUU.H. 


InUo.'cvl (euol form), p'vcudo-Oxlndole (®nol 

stable, form), labile.* 

Tiie presence of the complex CH : C((5H) in those 
compounds causes them t-o react in two forms, 


C,li/ 

• NO, N--0 

This RuI>staiK;c on reduction yicld-s ethyl 
indoxylfite, wliiidi is llicn hydrolysed by eaustic 
soda l(. tiie sodium salt of Indoxylic acid, and 
the free a< Kl from this, when boiled with water, 
is trttnsformf(>jiito carbon dioxide^and indoxyl. 
(’(OH) ,C(UH) 

-'.O COOCJjH,(; h/>C'C00H 
NH 

• /C(0H) 

Indoxyl when pure forms uale yellow crystals 
wkioh melt at 85®, but crystallisation Qannot be 
effected in tho presep^ of even slight trooee of 
impurities. It dissolves in water, forming a 
I fluorescent solution and is roaitty soluble in 
most organic solvents. It is very unstable and 
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adilv nxkliura wIjimi I'.vposccl lo tie air; tlie : metliod, is known as Indullne 3 B spirit Soluble ; 
[idftiiou to indigo takes place rapidly in alka- the formula of its chief constituent is 
le solution. It is volatile with steam and! w ' 

hen treated with isatin in the presence of | CjE^-Nh/ y 1 I 

rtaseium carlionate is converted into indirubin, | C.Hj'N: i JnH, 

reaction which may bo represented by the j 


llowin^i; equation : 

I ( 

(loxjl (koto form). 

=('.11,- 


CO . ,, , CO . 

Nil 

Indlniblii 


C„H, 

Red shade hidulinos (e.g. Fast blue R spirit 
soluble) are formed by heating the mixture for 
a short time only and at a lower temperature 
(1(H)'-170°). The bluer shades e.ff. Fast blue 
spirit soluble; Induline 6 B spirit soluble) aro 


-(JO-SOjH 

Indoxyl sulphuric acid (^ 14 ^ ; 

^ NH 

lis 8ubHtan‘‘(“, occurs as the pot:is,siuin salt 
^dimnmia) in human uimc as well as in the 
‘inc of certain ciirnivora. It ficcurs to a con- 
lerable (‘xtent ijt the urine of a dog whieli ha.s 
■{•n fed on indole. It eun be jirepared syn- 
ellealiy from the ptitassium eompound of 
iloxyl hv treatment with iiotasKiuni pyro- 
Iphatf' (Haeyi-r, Ber. iHHl, l-J. 17‘M) an<l also 
' fusing })henvlgly<ine-o-(‘arboxylie. aeid and 
“ating the meU with ])o1assiinn pvrosiilphate 
aumann and Theseii. /eitseh. i»hysiol. (Iliem 
Ob, 2H. 2.*1). The free aeid is unstable, but the 
tasHuim salt forms eliaraetonstu! glj.stenmg 
dlola from alcoliol in which it js sparingly 
lublc. 

(!(()Il) 

Indoxylic acid ; (>(X)011 separates 


obtained by more prolonged heating. 

Much of».ho induline base prepared in this 
way is sulphonated, but some is dissolved in 
aoctin, la'vulic aiad, or etbyltartaric acid, 
forming blue to violct-blue liquors which are 
useil for })riniing (Printing blue, Acetin blue, 
LffiVUlin blue, (tc.). When spirit-soluble indu¬ 
line js sulphonated it is converted intf) a sub 
])honie aeid, tlie sodium salt of which is soluble 
Ml water. In this form, ^ arious brands of water- 
soluble indulim's arc placed on the market under 
the naiiK's of Induline (various marks), and Fast 
blues. Another serie.s of blue to blue-grx'y or 
black dyes, called Nigroslnes, is produced by 
h(*ating aniline and aniline liydrochlorido with 
iiitrob(‘n?:eno or mtrophenol or both in tlie 
]iresenc#of iron borings. Typical nroeesscs aro 
(u) With mtrohenzenr. ; 175 ])arts ol aniline, 175 
[lart-s of nitrobern'.ime. 200 jiurts of hydrochloric 
aeid, and 10 parts of iron borings arc iu*aU*d for 
S houm at ltH)°-2()0° until a test portion can bo 
drawn out int-o a thread. Tlie melt is then run 


hon a solution of its sodium salt is acidified , out into an iron tray anti ground, {h) With 
H white erystallino precipitate which melts nitrophetwl: 100 parts of aniline hydrochloride, 
122*-123'‘ ydth vigorous evolution of eurbon ">0 jiarts of aniline, 50 parts of uitroplienol, and 
oxide. J. r. T. a little iron an' heated for 10 hours to 180°. 


INDULINES. A very mnnerous class of 
UP colouvng matters Ix'longing or closely 
latcd to the safranine grouj) of colours, 
hey aro prepared bv heating un aminfiazoiuoin- 
:>und with an ammo in the pivsenee of the 
ilorido of tho latU'r. As might be expected, 
lull a process allows of an almo.st infinity! aeries 
variations, and a givat number of tho colours 
ive at various times been made and used. 

By far the most important is also the earliest 
nown ; the details of its preparation, described 
elow', aro practically those of all tlie fithera. 

250 kilos, of anilino an' mixed with 24 kilos, 
f hydrochloric acid (35 p.c.) and a Holutfcon of 
4*4 kilos, of sodium nitrite i.s ruu in. The 
lixture is allowed to remain for some time and 
lien heated with steam to 4()°-r)0° in order to 
oniplet-o the transformation of tho diazbamino- 
lenxeno inU) umincazolicnzcm'. Tho product 
I then transferred to a cast-iron litilbcapablo of 


(c) With Tiitrobcnztni' and nitropkvnol: 183 parts 
of aniline hydrochloride, 183 parts of nitro¬ 
benzene, 137 parts of aniline, 12 parts of crude 
nitrophcnol, and 3 parts of iron borings an' 
slowly heated for a day, the linal temperatun* 
being about 215°. Towards tlie end tho melt 
must he constantly tested and run out imme¬ 
diately it begins to thicken, otherwise it will set 
tlic pan and then must bo chipped out when 
cold. The spirit-flolublc nigrosines produced, 
us described above, are sulphonated as in the 
case of the indulincs, the products being known 
as Nigrosine soluble. J. 0. C. 

INDURITE V. Explosives. 

INFUSORIAL EARTH 1. Kieskt^uhr. 

INGRAIN BROWN, ORANGE, RED, v. 

AZO- COLOURINU MATTERS. 

INGRAIN COLOURS r. Frimuline and its 

DERIVATIVES. 


lolding twice tho volume of the melt made in it : INK. A coloured fluid used in writing, 

nd provided with an agitator, sw'an neck, i printing, &c. (Gr. eiigkauaion — ejtgkaio, to burn 
harging hold, thermometer tube, and discharge in ; Lat. cntvtiwfum, the purplo-red ink used 
'alvo. 60 kilos, of'aailine salt (aniline hydro- only in the signature of the emperors; It. 
ihloride) are added and the mixture is heated j ind io^'itro; Fr. c?*crf ; Dutch, inJfcf.) 

'radually so that at the end of about 4 hours\he | The writing ink of the ancients consisU^ of 
e&perature of tlic melt has reached 1^5°-180° ; lampblack suspended in a solution of cum or 
Schultz, Cherniak des Stoinkohlentheers, 3rd ! glue.' Such inks ate still used to a limited 
'dit. 19(H, ii. 343). The mass is now rendo^d : extent in tho East. Iron-goll inks have been 
dkaline with aqueous wdium hydroxide, tho I kno^n since the eleventh century. Such ink, 
excess of aniline distilled off with a current of J as commoqly prepared, is a ferroso-ferric gallato 
iteam and tne residue ground, washed, and suspended in a solution of gum in water, 
Iried. A medium shade, as produced by this obtained by adding a decoction of substances 
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contiuning'tanpin (asually nut galls) to a solu* bruieed galk with ethor and tlte dry product 
tion of ferrous sulphate. j dissolved in water for ink'jiianufaoture. The 

Galls contain gallotamuo and gallic acids, I quality of the product seoms to be equally good 
which, with ferric salts, form a black precipitate ; i whatever method is used, provided the ratio 
jrith ferrous salts the precipitate is white, but i between the weights of gnils and of ferrous 
becomes black when oxidised by exposure to air. j sulphate taken, is always about 3:2. The 
A proportion of gum is addeci for the purpose | addition of an antiseptic substance such as 
of suspending the precipitate equally throughout j carbolic acid is to be recommended, as the ink 
the solution and of preventing its deposit. I is thus prcsoived indciinitely from the attacks 
Although other materials may bo used, it has i of mould. 
lx>en found that the best properties of writing s Gallic acid Inks are also made from galls, 
ink—viz. fluidity, penetration, and permanence ferrous sulphate, gum. and w’alor, with the 
obtained by the use of the ingredienta , ditlercnco that the galls are first allowed to 
TioTn.s.i Such inks fall inAo two main , ferment, whereby th<5 quert'otannic acid is con¬ 
verted into gallic acid. 'I'hc following is a 
typical recipe:— 

Gall nuts . . . * 50 parts. 

FeiTuus Bulj)liatc . . 10 „ 

(ium . . . , 10 

Water .... 2(K)0 .. 

Carbolic acul . . 2 ,, 


above-named, 
classes. 

Tannin-Iron Inks are manufactured from tlic 
above materials -without additions and without 
previous treatment of the materials. The 
following typical roeipes are taken from the 
sources named :— 

No. 1 (Cooley’s Cyclopajdia).—Aleppo galls, 
well bruised, 4 oz. ; clean soft water 1 quart; 
macerate in a dean corked bottle for 10 days oi 
a fortnight, or even longer, with frequent agita 


The crushed galls are 
and allowed to ferment. 


soaked in tlio water 
The mass may be 


tion ; then add 11 oz. ol gum arabic dissolved in ; inoculated -w ith mould fi-oiu a mouldy piece of 


a wineglassful of water and ^ oz. lump sugar ; 
mix well, and afterwards further add of fcrrou.s 
sulphate (green copperas), cruslied small, 1J oz. ; 
agitate occasionally for 2 or 3 days, When tlw* 
ink may be decanted for use, but is better if 
the whole is left to digest together for 2 or 3 
weeks. iVodwef: 1 quart of excellent ink, 

writing pale at lirst, hut soon turning intensely 
black. 

No. 2 (Ure),—12 lbs, of nut-galls, 5 lbs. 
ferrous sulphate, 5 lbs. Senegal gum, 12 gallons 
of water. The bmisud nut-galls are to be put 
into u cylindrical copper of a depth equal to 
the diameter, and boiled during 3 hours with 
tliroe-foiirths of the above quantity of water? 
taking care to add fresh w'ater to rejdace what 
is lost by evaporation. The decocolion is to 
be emptied into a tub, allowed to settle, and, 
tho clear liquid being drawn off, the lees are to 
bo drained. Tho gum is to bo dissolved in a 
small quantity of hot w’atcr, and tho mucilage 
thus formed, being filtered, is added to tho cleiy 
decoction. Tho ferrous sulphato must likewise 
be separately dissolved and well mixed with tho 
above, Tho colour darkens by degrees in con¬ 
sequence of tho peroxidation of the iron on 
exposing the ink to tho action of tho air. Pro¬ 
duct : 12 gallons. 

No. 3 (Lehner, Ink Manufacture, j). 28), 
Ingredients— 

GalLs , 

Ferrous sulphate 
Gum arabic . 

Water 
Creosote 


bread or leather. After 8 to 10 days,’boiling 
water is jKiured on to kill tho ferment and the, 
liquid drawn off and used to dissolve tho other 
ingredients. 

Tho.se inks hav(' a fiiK* blue-black colour and 
are not so susceptible to change as tho tannin 
inks, but they have fallen into disfavour because 
they must be partially oxidised before use and 
thus taku a considerable time to manufacture, 
and even then give a veiy pale improsBion on 
pa])er. Most of tho inks now' used contain a 
‘ provi/tional colouring inaiin, such as indigo 
and aniline blue, tho function of w'hich is to 
render the ink easily visible at the time of 
writuig and until such time (7-10 days) os it 
shall bo completely oxidised to*black forrio 
gallato. 

Logwood tannin Inks have been in use since 
tho eighteenth century, and are made by sub¬ 
stituting logwood chips or logwood extract for 
part of tho galls in a tannin-ink recip(!, c.g. : 


Galls 

3C iiarls 

Feiroua sulphaUi 

. 3« 

Logwoo<l extract 

0 

Gum 

36 „ 

Water . 

. :m „ 

Vinegar . 

. 00 „ 


1200 jiarts by weight. 

»00 
800 
24,000 
3 

Cover tho galls with part of the water and 
dissolve the green vitriol, gum, and crewiotc 

separately in the rest of the water. Pour the i uaiuiave ui eoiuvion, anu moivioro may ne pre¬ 
solution on to the galls, cover up the vessel, and j pared j^lLh much, leu than those previofUly 

allow to stand for 3 weeks, stirring every day. I dege ribed. • 

The ink will then ^ve reached its full blackness i the colouring matters used ihe most 

and can to bottled for uw. ^ 1 important is indigo-sarminc, which is prepared 

in ouer prooes^ the galls are repeatedly ! bv dissolving dry indigo in fuming snl- 
extracted wth btniii^ water and The extracts j phurio acid, and after 24 hours nAltraUring with 
nmtod and then mix^ with the other eon- I potasrium oarbonate. The free acid in the 
sUtuents; or the t annin is extruoted from the indigo solution may also to used to dissolva 


Tho method of prcjiaration is similar to that 
already doscritod. 

Logwood gallie acid inks are similarly made 
but with preUminary fermentation of the galls. 
These inks htivc a deep bluo-bJa^k colour and 
attack steel nibs less than pure tannin inks. 

Alizarin Inks are those inks whioh contain a 
provisional colouring matter other than logwood. 
They contain a suibcienO propfirtion of acid 
(sulphuric or acetic) to keep tho iron gallate or 
ta^ate in solution, and tlioroforo may be pre- 
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inetnlUc iri)ii, thiin (liMj)ennmg with the ubo of 
green vitriol. 

'J'ho folldwing is stated to produce an 

execlleiit iiik : - - 


(Jiiils .... 40 parts. 

Iron BoJutioji . . . 15 „ 

indigo-eurmine . . 5 ,, 

(Jmn . . . . 10 „ 

i’vi’olignuoiiM iicid . . 10 

Water .... lOO .. 


'I’he galls are jKiudered and soaked in the 
water and half tin- acid for a week. The iion 
solution i.H ])r(“pnre<i from scrap iron and crude 
liyroligiieoiis acid left together for a wei'k. 
d'hese Holutions are then mixed and th(“ otliei' 
ingredients added. 

At the lU'esent time, many other tannin- 
containing suhstanccs, licsidc.s galls, are UH(“d in 
the manufacture of inks. Jt has heeii shown 
that f^umucb, ihiIoiihi, ami /or/a'orx/ juoduee an 
ink which is indistinguishable from gull-inks 
(llinriehsen and Kedesdy, J. Sue. ('hem. Ind 
100!), Hill), and good inks may lie jinuiueed from 
tanner's barks (elm, oak, pine, ])oj)lai', willow, 
iVc.), culcb, gum kmo, fustic, cldci-beiriea, the 
imri|)e fruit of tlu* cliestnut, walnut, <X:e. 

In many eases othiT and cheaper synlhetit 
dycb are suhstituted for the imligo-uarinine, but 
this iH not necesHurily dctmnental to the. quality 
of the ink. 

Mitchell (Analyst, 1!K)8, !j({, 81) has analysed 
a large number of English writing inks and finds 
that, alihoiigli the eoiii[Hi.sition of any one inanu- 
faeturcr'H ink remains fairly c-onstant over long 
jioriods, theie are marked dillerenees betweiui 
tho inks of diiTerent nianufaetureis. 'J’lie total 
solid matter ranges from J‘SO to 7'04 p.e., the 
ash from 0'42 to 2'o2 ji.e., and tlie iron from 
()-J8 to I'tMkp.e. 

The age of liaiidwnting oau bw estimated up 
to the seventli or eighih day, when o-xidatfon is 
eom])leto. but after that no diatinetion can be 
made until the pr^»^isilmal colour begins to fade, 
ii.sually after about a year. ' 

4'lie bleacliing cifeet of ah' ami light on 
ordinary writing ink is probably due to the 
action of hydrogen peroxide, and tlic jiormanenco 
of writing by most modern writing in^a may be 
testod by this ri'agent. ('arboiimks arc but little 
affected by hydrogen jieroxido «ir other bleijching 
agents, and hence afford tho most permanent 
writing {cj. Mitchell, Analyst, 11)20, 247). 

It is probable that in oxidised ink the iron 
exists as the tannate , 

(^'uH itO«)3l*e‘he((_lj4lit,OB), 
described by^Vittstein (J. 1848, 28, 2S1) and by 
JSehiff (Annalcn, 1875, 175, 175). {See also 
Ozorow’itr, Chem. Zentr. 1908, 2, 1024.) As the 
oxidation proceeds the successive ]>recipitates 
contain more iron, And eventually approximate 
in coiTf|)osition to 


name of ‘chrome ink,’ which,was- cheap, in¬ 
tensely coloured, non-corrosive to steel pens, and 
t;xtix.*mely permanent on paper. The manner of 
preparing chrome ink is as follows : 1 part of 
potassium chromate (not dichromate) is added 
to 1000 paits of a saturated solution of logw'ood 
made by boiling 22 lbs. of logwood in a sufficient 
quantity of water to give 14 gallons of decoction. 

I'I’hc poittssium chromate is introduced gradu- 
; ally when the solution is cold, the mixture being 
! eonstantly stirred during the addition, (jum is 
; injurious to the inixlute. It may be prepared 
■ more simjiiy by <lis.Ho!ving 2(KH) parts of logwood 
extract in ideolution of io parts of pure potas¬ 
sium chromate in J(K),(K)0 jiarts of wati^r. 

Prussian regulations for official tests of 
ink. According to tiie Prussian regulations 
of .May 22, H)I2, inks are classified into (1) 
‘documentary.’ and (2) ‘writing inks,' tho 
latter being subdivided into (i/) iron-gall inks, 
and (b) logwood mid dyestuff inks. (1) A 
‘documentary ink’ is defined as an iron-gall 
ink wliieli gives durk writing after 8 days’ 
exposure to light and air. It must contain at 
h’ast 27 prams of unbydrons gallolaninc and 
gallic acids, and 4 grams of iron (calculated 
upon the metal) per litre. On the other liand, 
tlie amount of iron must uot exceed 0 grams, 
so that the ratio of gallotannic and gallic acid 
to iron must lie within tho limits 4'5: 1 and 
G‘75:l. The ink must not alter for at least 
14 days in the ink-pot, and must liow readily 
from the jion. The writing done with it must 
not be sticky immediately after drying, and 
alter 8 days it must renmin dccji black when 
W'ashod with w’ater and witii alcoliol (85 and 50 
pc.). (2) Iron-gall ‘writing inks’ must con¬ 
tain at least 18 grams of gallotannic and gallic 
acids, and at least 2'(k and uot more than 4 
grams of iron per litre (ratio 4*5 : 1 and ()'75 : 1). 
In otlier respects they must comply with thc 
reipuremcnts of ‘ documentary inks.’ Inks of 
(Iroiij) (t) are uot otlieiHlly tested. 

, Analyum of inks .—Tho projiortion of gallu- 
tannic and gallie aeid.s is doLcrmine<l by shaking 
tho sample with ethyl ucetaUs and weighing tlu! 
residue left on evaporating the extract. The 
I'eaidue is regarded as gallotannio and galhc 
adds when OT gram thereof ab-sorba, in tho 
iresenoc of 2 gram.s of sodium bicarbonate, at 
east O’f) gram of iodine. less iodine is con¬ 
sumed, the ink is not up to the official require¬ 
ments. llinriehsen (Chem. Zeit. 1013, 36, 275) 
discusses the reasons for the changes from tho 
official regulations of 1888, and gives the follow¬ 
ing details of the methods of applying the official 
; tests 

1 Dcimmnalion of gaUotannic and galiic acids. 

1 —10 c.c. of the ink are mixed with 10 c.o. of 
! concentrated hydrochloric acid, and the mixture 
' shaken with successive portions of 50 o.c. of 
ethyl acetate in Hotbeds shaking apparatus, 
unAl the aqueous layer gives no reaction for 




gallotanmc or galhc acids after treatment with 
Bodiam carbonate and addition of ferric chloride 
and ferrous sulphate. The ethvl acetate extract 
is shaken several times witK Bemi-satorated 
potaAl^ium chloride solution (10 c.c. each time), 


obtained by Pelouzo by prolonged exposure of : to remove riron salts, and ^en evaporated in 
a solution of ferric sulphate and gallotannic | ortcinj, and ^e letudue is taken up with a little 


acid to air (Mitchell, f.c.). 


water, iranaferrod t^' a weighed oruoiUe, and 


liungc prepared a w’htiog Bnid, under the dried at lOSMlO'* or, preferably, in tociUi 
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at about 00^ until ooustaut in weight. In black ink, which tiuws freely from the pen an<l 
detcroiining the iodine absorption about O'l cannot be removed without destruotioii of the 
gram of the residuo is mixed m a stoppered pa(>cr. 

riaak with 2 grams of sodium bicarbonate and Copying Ink. Any ink which retains unougli 
25-.M) c.c. of a solution of iodine (about 50 grama solubility to give an iniproH.don from the 

l)er litre), and the flask closed and allowed to written sheet on to a shoot of damp paper may 

stand over niglit, after which the unabsorbed bo used for copying. Kunge's chrome ink do- 
iodine is titrated with standard tliiosulpliate. scribed above may bo so used. Other logwood 
Iron .— 10 c.c. oi the ink arc evaporated to inks and ferrous gallato inks Iwing soluble only 

diynesB, and the residue ignited until free from until oxidised by exposure to the air, i-equiro the 

carbon and then heated with 1-2 c.c. of hydro- addition of some substance which forms a glaze, 
chloric acid (sp.gr. I'124) until dissolved. The arresting the action of the air. This glaze must 
solution is treated with 1-2 c.c. of chlorine bo soluble when brought into contact with the 
water and cva])orated to dryiioss, the residue damped copying paper; the pigment is then 
treated with U*5 c.o. of strong hydi-oehl«ric acid frooil so as lo produce the improsBion, Such sub- 
to dis-solve basic iron salts, and the solution stances arc gum }iral»ic, gum Senegal, dextrin, 
cooled and diluted with 20 c.c. of water. About ainl glycerol. Where several copies are ni- 
1 gram of pola.ssium iodide is then added, aii<l quniMl, the ink eiiijiloyed should contain more 
the separated iodine titrated with A’/lO-thiu- staining matter in proportion, 
sulphate solution, the liquid being moanwhilo Hektograph inks are used to give a largi; 
rapidly warmed to 55 to promote the separa- number of eopi(\s, and must thori'fore contain 
tion of iodine. ; a ]»owerful colouring matter, 'i’lie original is 

Trstmij ihfT irnliiuj ,—IMecia ol standai'd ; wntten (m ordinary ]>aj>or witli the ink and is 
paper are stretched m a frame inclined at an | laid face-tlowii on a sheet of a comjiositjoii of 
.inglo of 45’, and a definite amount ot ink made | glue and glyeerol (aliout 1 : 5) until tlio 

to flow down them from a pipetti‘ fixed in a j ink has been absorbed into the surface of tlio 

.s)iccial position with regard to the |>aper. At j conijiosition. 

tlie same time a parallel test is niatio upon the ■ liy applying sheets ol pai>er with slight 
same papt^rs with Schluttig and iS'eumamrs i pressure, (it) to lot) c.opies can then be obtained, 
standard iron-gull ink ('ontaining 25'4 grams of I A typical ink contains r water-soluble blue 
gallotaiinio acid, 7’7 grams of erystallmc gallic i 10 parts, glycerol 10 parts, and water 50-100 
acid, 30*0 grams of fernius sulphate, 10*0 grains [larts. 

ot gum aiubio, 2*5 grams of liydrocliloric acid, Dyes not easily soluble in wuUt or glycerol 
and 1*0 gram oi phenol per iitr(!. Tins ink is arc first disso]v(>(l in alcohol and tlien mixed 

allowed to stand for at Ica.st 4 days at lO ’-lo’, witli the other iiigrciUcntH. Tims a red hekto- 

and decanted from any deposit. For comparison grapii ink may coutiiin : mageuU 20, aloohol 20, 
in the test it is coloured with a suitable uyostuft acetio acid 5, gum 20, and water 40 ; or magenta 
to match the ink uuder oxaminaiion. The £)a])er 10, alcohol 10, glycerol 10, and w'ater oO. 
with the colour strips of the two inks upon it Red Ink was ftirmorly prepared from Brazil 
is exposed to the air fur 8 days in diffused day- wood or e.xtraet of Brazil wood, with the addition 
light, and is then cut horizontally into strijis of alum or stannous olilorido : e.(j. ^ 

which are immersed in water, 50 j^.c. alcohol (1) Brazil wood, 280 parts; tin-salt, 10 
and 80 p.o. aloohol respectively. No porcoptible parts; ^iii, 20 iiarts ; boiled with 3500 parts 
bleaching of the mk should take place (J. Soo. j of water and evaporated down until tho^iroper 
C'hein. Ind. 32, 281). ' <lopth of colour is attained. 

For the American standards for iron writing, j (2) Extract of Brazil wood, 15 parts ; alum, 
duplicating, and cancelling inks, their composi- ! 3 parts; tin-salt, 2 parts; tartariu acid, 2 
lion, manufacture, and methods <»f testing, acc ; n^rts; water, 120 parts. 

(•ircular No. 95, U.S.A. Bureau of Standards, i Cochineal or carmine inks aiv prepared by 
Abstr. in Analyst, 1021, 61.^ , boiling cochineal in water, precipitating the 

I nk powddn are very little uaed but can i colour with ifluin and tin salt and dissolving this 
easily be made either bjT cautiousTy evaporating carmine in the requisite amount of strong am- 
an ordinary ink to dryness and powdering the monia. Another method is to dissolve 2 parts 
residue, or by mixing the carefully dried and of ammonium carbonate m 200 parte of water 
powdered ingredients in the proportions used and macerate for 3—4 hours with 40 parts of 
for the fluid ink. i cochineal and 2 parte of alum. 

Indelible or safety Inks, Compositions pass- | Most ot the red inks now used are solutions 
ing under these names consist of finely divided of magenta or oosin in water, together with a 
carbonaceous substances, such as Indian ink or little gum. '^lyMiul also is added if the ink 
lampblack, held in suspensioD in a glutinous or is to be used for eoji^Ang. 

resinous liquor. They are devised so os to Blue Ink, Prussian blue is the colouring 
resist tiie action of strong acid or alkaline solu- matter commonly employed. The pigment is 
tions. An ink having these properties may be placed ui an earthen vessel, and either strong 
made of TnHifm ink rubbed into ordinar;^ hydrochloric acid, nitric acid, or sulphuric acid 
writing ink. is added to it. After the mixture has remained 

A suspension of lampUock in sodium ailica^te 2 or 3 days, much water is added, and aftei* 
solution mftkiMi an ezoeUent safety ink, but has sottlmg, the supernatant liquor iadrawn off from 
the disadvantage thai it must be kept in air- the lament. This sediment is well cashed 
tight bottles. • until all traces of iron and free acid disappear 

Vanadium ink ii prepared very aignply by from the water, after which it is dried and nuxed 
adding a small j^porii^ of ammonium vana- with oxalic acid in the proportion cn 8 paite of 
data to a flkenKtdactxitioa of^alls. It is a deep Pnurian blue to 1 part of acid. The pigment 
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bciug now aoluhie in water, so jiiuch of tiiis 
latter is added as will bring it to the required 
intensity. 

An excclioiit blue ink can be made by 
dissolving 10 j»art8 of indigo-carmine and 5 parts 
of gum in oO-lOO parts of water. Solutions of 
blue aniline dyes may be used, but arc easily 
e0uced by bleaching agents and fade on ex¬ 
posure to light. 

Inks of other colours can be made from de¬ 
coctions of dycHtuffa mixed with alum (used as 
a mordant) and gum Senegal or gum arabic ; as, 
r.f/., blown ink fi’om catochu or logwood, to 
which a little jiotassiiim dichromato is added; 
violet and jmrjilc inks from logwood with a small 
admixture of chloride of tm or of alum ; yellow 
ink from gamboge, &,c., i’c. Aniline colours 
also offer a^election of tints for this jiurpose. 

Gold and silver inks art; prepared from goJd 
and silver, or fiom cheaper aiihstitutos such as 
bionsse powder and Dutch leaf. The leaf metal 
mixed with honey is carefully ground do\vn to ' 
the finest jKissiblo condition; it is then well ; 
■washed and dried. A luediiini is furnished by a 
jucjiaratioii consisting of 1 ])art of pure gum : 
arabic and 1 jiurt of soluble }M)la8h glass in 4 
)»arts of diatilled water. As a j-iile, 1 ])art of the 
powder is sufliciunt for 3 or 4 iiurts of the i 
medium. 

Imitation silver ink is beat made by rubbing i 
u]) aluminium foil or jiowder with gum. 

Sympathetic, Diplomatic, or Secret inks. 
J'hoHo pi-ofiarations are devised to truce words or 
ligtiroa which arei invisible when written but 
which become visible when aubjected to heat or 

approjiriato elicmieal reagents. Examples :_A 

weak infusion of galls is colourless on paiier, 
but becomes black when moistened with a solu¬ 
tion of C'opjiertis; and if a ■H’cuk solution of 
copperas be used, the writing will bo invisible, 
tm the jmpor is moistened with a weak solu¬ 
tion of*galls. Equal parts of eojiper sul- 
)>hato and sal ammoniac dissolved ta water 
tirm a colourless ink, tho writing of which 
turns yellow- on the apjilication of heat. 'Weak 
sulutioiiB of silver nitrate or of aurie eliloride 
whou exposed to the sunlight become dark 
brown and purple respectively. Solutions id 
eobalt Vihloride or nitrate give tracings wliiin 
become green or liliic when heated and disappear 
again us the paiwr cools. 

Ink for indiarubber stamps. The following 
preparation produces ink adapted forHhis iim-. 
pose. It does not easily dry upon the 2 )ad, and 
is readily taken up by the paper :~Aniline 
colour in sohd form (blue, rod, &c.), 16 parte ; 
boiling distilled water, 80 parte; ^ycerol, 7 
parte. 'J’lio colour is dissolved in the water, 
and the ^othcr ingredients itre added whilst 
agitating. The ‘ carbo7i papers ’ used for giving I 
two or more copies of written or typed matter ' 
ore coated on one side with a mixture of vellow' 
wax and tallow isontaining a suitable pigment 
such as lampblack or Prussian blue, or some 
uuilino colour. ' 

* Tleket-^ter’s Ink is made of ^bod black 
ink, with liquid gnm added to produce a glosa. 

for writing on glits is a solution of gum 
arabic in strong hydroftuoric acid coloured with 
some matter which can withstand the acid: 
cudbear is Msed for thin purpose. 

onamoUod ouds ordinary printing ink is 


mixed with a few di'ops of equal parte of copal 
: varnish and mastic varnish. 

I Lithographic ink ought to conform to the 
I following requirements. It should bo flowing 
on the jxin, not spreading on tho atone; 

, capable of forming dclicato tracings, and very 
black to show its delineations. Tho most 
' essential quality of the ink is to sink woU into 
the atone, so as to reproduce tho most delicate 
outlines of the drawing and to afford a great 
many inipres-sions. It must therefore be able 
to rt'sist the acid ivith 'wdiich the stono is moist¬ 
ened in tlic jircparation without letting any of 
its greasy matter cscajic. 

Lithigraphic ink may be iircparcd as fol¬ 
lows ;—Mastic (in tears) 8 oz., shellac 12 oz.* 
Venice turpentine, 1 oz.: melt together; add of 
■wax 1 lb., tallow 0 oz.; when dissolved, add 
furtJier of ha/d ta/low soap in shavings 6 oz.; 
and ulicn the whole is perfectly incorporated, 
add of lam])black 4 oz.; lastly, mix well, cut 
111 moulds, and when cold cut it into square 
pieces. 

Another mcijK- is as follows :—Melt together 
wax, IS parts ; soap, 18 ])arts ; shellac, 14 parts j 
resin, C parts; and tallow, U) liarts. Then stii' 
in 2 jturts of india-rubber dissolved in 5 parts 
of oil of turpentine, and 0 parts of lampblack. 
The whole is heated till the smell of tuipcntinc 
has nearly di.sa])pearcd and is then cast into 
sticks. 

Autogra]>hy is the operation by which a 
writing or a drawing is transferred from paper 
to stone. J’or autographic ink:—White wax 
8 oz., W’hite soup 2 oz. to 3 oz.; melt, and 
add lampblack 1 oz.; mix well, heat strongly,, 
and add sliclluc 2 oz .; again heat strongly 
and stir w’cll together. On tho mixture coohrig: 
pour it out as before. With this ink linci^ 
may be drawn oi tho finest and fullest class,, 
without danger of its spreading; and the* 
copy may be kept for years before being trans¬ 
ferred. These inks aro rubbed down with 
little water in the same way as Indian ink. 

Printing ink. Ink prepared for use witbi 
j copTCr-plates, &c., is composed of a- 

I vehiole and pigment. The chief proportiea rc- 
’ quirod in a good printing ink are :— 

: (1) A perfectly uniform syrupy consistency, 

(2) Must be easily transferred from the ink- 
I rollers to the type, and from the tyiw to the 
I paper. . - 

I (3) Must not smudge tyiies, and must be 
cosily washed off them with printer’s lye. 

(4) The ink must not dry so quickly m to 
set on types or rollers, but must not‘dry so 
slowly on the paper as to hinder folding, &c., of 
sheote. 

( 6 ) When dry, the ink must not set off from 
the paper on to anything with which it comes in 
contact. 

( 6 ) The printed characters should not show/ 
a greasy margin. 

V* (7) The ink should not have a strong smell;. 

The ink which most nearly fulfils ail these* 
r^uireinente is composed of the finest ouality 
of lampblack incorporated with a pure Hnseedi 
oil varnish. The demand for cheap inks for the’ 
panting of newspapers and cheap books has 
been m^ by using cheaper qualities of lamp^ 
black and substituting for the varnish varicHUf 
compoattions of oi|s and resins with soap, vhidi 
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may or ma^ not oontain a pro|)ortioa of iiusoed 
oil. • 

The linseed oil varnish used for good ink was 
formerly prepared by heating a quantity of 
linseed oil in a boiler until the vapour evolved 
could bo ignited. A light was theu applied and i 
the whole allowed to burn for about half an hour, ' 
until a trial showed that the oil was of the right 
consistency. The practice of burning the oil 
gave a dark-coloured product and Ima now been 
discontinued. 

The present practice is to heat the oil to 
about lhSO“ to 400‘", taking every precaution 
to avoid its ignition. The boilcr^ia provided 
with a closely tilting lid or, belter, with a cover 
of wiiv-gauze, which extinguishes a flame while 
allowing the vapours to escape. 

Provision is made for lifting the boiler from 
the fire or withdrawing the fire from the boiler, 
or, in some cases, for running off the oil into a 
cold vessel. A gutter round tlic furnace above 
the fire-door prevents any cliauee of the oil 
reaching the lire, even should it boil over the 
top of the pot. in suuic inodern plant the oil is 
heated by means of superheated steuni. A varnish 
so prepared is insoluble in w’utcr or alcohol, but it 
mingles readily enough with fresh oil and unites 
with mucilages into a mass (hifusiblc in water 
m an emulsive form. The oil loses from onc- 
tciith to onc.eighth of its weight by boiling into 
the tliiuk varnish (Watts). 

An average letterpress ink may be made by 
reheating a varnish produced as above and 
adding ior each gallon of the original oil 4 Ihs. 
I'esiu and 1 lb. brown soup in slices. This is 
then iniicd with the requisite quantity of pig¬ 
ment—rather less than ^ of its weight in tiie 
case of lampblack—and tho whole thoroughly 
ground and incorporated in a suitable macluno, 
usually between rollers of polished gramto or 
stool, as in Lehmann's apparatus. Tho presence j 
of soap in the ink causos it to ‘ lift ’ well, i.c. to ! 
be completely transferred from the typo to the 
paper. The following recipes represent vehicles ; 
of a cheaper class :— 

Linseed oil and resin vcJucle. —Ilosin 50, 
boiled linseed oil 100, resin soap 10, partly boiled 
oil, 0 parts by weight. * 

Jiesin oil vehicle. —Resin oil 60, resin 50, i 
lioiled linseed oil 50, resin soap 5, thin boiled : 
linseed oil 6 parts, , i 

Cheap mineral oilvehicte ,—Resin is dissolved i 
in about an equal weight of heated mineral oil j 
(petroleum) of sp.gr. 0'S80--0'920 (Wass, Rr. i 
Pat. 322298, 1908). ' 

Composition vehicles. —5 kilos. Venice turpen- i 
tine, 16 kilos, castor od, and 1 kilo, white wax, i 
mixed at 100® (Knecht). 9 kilos, thick turpen- j 
tuio, 10 kilos, soft soap, and 4 kilos, oleine, | 
mixed hot (Rbel). | 

The lampblack used is of various qualities j 
according to the price of tho ink. The propor- ( 
tion used is just sufficient to give a full bl^ck : 
impr^sioD, and this is less with the better 
qualities of lampblack. Tho ink for rotary 
machines contains about 28 p.c, of lampblack, 
that for high-speed ncws|>a|>er printing about ; 
24 p.c., that for book-pnntinB about 21^j.c., 
and tl^t for illostration work about 19 p.c. 
with 2 p.o. of Prussian blue and 1 p.<f# of indigo. 

Braokenbusoh's inks consist of 25 ^larts 
paraffin oil, 45 pula of fine colophony, and 


15 parts of lampblack. The amount of coIo> 
phony is reduced in soft inks for high-speed 
work. 

It has been proposed to use oxides of iron oi 
manganese as black pigments for printing inks, 
in wffioh ease the paper could be ulcachM 4 Im 
subsequently re-made into white paper. 
cannot be done with the lamp-black inka^ll^ 
used {see e.g. Fireman, IJ.S. Pat. 802928, 
1906). 

It is said that so marvellously thin is the 
I layer of ink on small type that one pound weight 
even of cheap ucw’spapcr ink will cover no iesB 
1 than 7(->00 square feet of typo matter. 

Coloured printing inks. These inks an 
made from tho varnishes above described by th( 

I addition of dry colours, taking •great care that 
i the eoJouiB aiv thoroughly well ground one 
! assimilated with tho varnish, since lumps oi 
’ any kind not only clog the typo but alter the 
J tint. iSome tints which are cxctHjdingly light 
; will require an admixture of wliito powder tc 
, give tho necessary body to the ink. 
i The following pigments are eligible for in 
; corporation in printing inks :— 

; IV/uie .—Heavy spar (barium sulphate) am 

j sine white. 

j Ifed .— Orange lead, vermilion, burnt sienna 
! Venetian red, Indian red, lake voruiilion, orang< 

' mineral, ruse pink, and rose lead, 
i Yellow. —Yellow ochre, gamboge, and leoc 

I chromate. 

; JJlue. —Cobalt, Prussian blue, indigo, Ant 

I werp blue, Chinese blue, French ultramarine, 
unu Oorman ultramarine. 

(Jrecn. —Usually mixtujos of yellow and blue, 
hut sometinieH chrome green, cobalt green, 
emerald green, or terre verte. 

Purple. —A mixture of those used for rod 
and blue. ^ 

Deep brown. —Burnt umber with a little 
searlii lake. 

Pale brown. —Burnt sienna ; a rich shade is 
(»btained by using a little Hcarlct lake. 

Lilac. —Cobalt blue with a little carmine 
added. 

Pah lilac. —Cannino with a little cobalt 
blue. 

Amber. —I’ale chrome with a little carmine. 

/*m/l*.'*-Curmine or crimson lake. 

Shades and tints. —A bright red is best got 
from pale vermilion with a little carmine added j 
dark vormihou when mixed with tho varnish 
produces a dull colour. Orange red and ver* 
milion ground together also produce a very 
bright tint, and one that is more permanent 
than an entire vermilion colour. Cheaper sub¬ 
stitutes ar^ oAnge mineral, rose pink, and red 
lead. Lead chromate makes tke brightest 
colour. For dull yellow, use ycUow ochre. In¬ 
digo is excessively dark, and requires a good deal 
of tr< ible to lighten it. It flakes a fine showy 
colour when brightness is not required. Poossian 
blu8 is useful, but it dries very quickly, hence 
the rolBr must be frequently cleaned. The 
objection to Prussian, Antwerp, and Chinese 
bl^, is that they are hard to mind and4ikely to 
turn greenish with ths varnish when used udxL 
For green any of the yellows and bliiM may be 
mixed. The varnish itself hav&g a ye^w 
tinge will produce a decidedly gremish tint with 
a small quantity of Antwerp blue. Ememld 
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^reon is got liy mixing jmk‘ viirouie witli a little ] 
(•hincBO blue, and then adding the mixture to 
the varnish until Iho tint is natisfactory. 

ill using jiiiink’r s cnloura it is advisable ti> 
avind as much as posMible the heavy ones. Some 
colours require less oil in the varnish tlian ^ 
otluMH. i''or the coirqiarative jiermuiicMiee of | 
colouring mattcrH, r. I'kimunts. i'’or methods i 
of aiKilysis, nee. 'I’uUle and Smith, (J. Ind. Kiig. 
(Jieiii. 1914, b, bo9j. 

A bronze of chiingeable liue may be given to j 
inks with the following mixture (Southward) :— 
(»um slieliac \\ Ibn. dissoivod iu one gallon of | 
!).■) ]).c. alcohol or Cologiie spirits for 24 hours. J 
Then add 14 oz, aniline rod. JiOt the mixtuic | 
stand fur a few hours longer, when it will be 
ready for use. When added to good blue, black, ' 
or other dark ink, it givt-s a rich hue to it. The 
quantity must be caiefully a]i]H)itiouod. 

Bronzing Thejiroduetionof j)nnlod matter 
having the colour and lustre ot gold or silver, is 
carried out by jirinling with a varnish wlueh 
remains ‘ tacky ' for a time, and then dusting 
over the wliolt^ surface with bronze jmwder or 
aluminnim jiowder or siimlar sulisLaiic.CH. 'I'iic 
powder udiieres only to the variiish and thus 
produces llie desired cilect. 

Sill'll a varnish may be produced by molting 
into a good linseed oil varnish Rulliciout bees¬ 
wax to give it the eonsistencey of lard or tallow. 
(SVd lire's Diet, of Arts, Manufactures, &,c.; 
Cooley's Cyclop, of I’nietieal Jteeeipts ; Jjehner's 
Ink Mamitactuix'; Southward's I'nietieal I'mijI- 
mg ; Noble’s Priiu iples and I’ractice of Colour 
rrintijig ; li. D. Andes’ Oil Colours and CuiUei's 


prisms, m.p. 247°-248®, [ajD+66° without 
mutarotation and forms hexacbtyl and hoxa- 
berizoyl derivativcB. 

Tho methyl other, Pinltol {■pinife) C 5 Hj 40 «, 
also called makztic and nennilc was discovered 
in the resin of the Californian Pinns hmbertiarui 
(Ihiiigl.) (Bcrthelot, Compt. rend. 185t). 41, 392). 
It occurs in the residues of the manufacture of 
coniform, in senna loaves, and in the liana of 
Madagascar rubber {7nn(<za roriliiia). It crystal¬ 
lises in colourless rhombs, m.p. ISO"' CP. 

The stnieturo of pinitol was established by 
Maquenne (Conqit. rend. 1889, 109, 812). 

/-InositOl*Wiis obtained by Tanret (Compt. 
reml. 1889, 100, 008) by demefhylatioii of 
qiieliraeiiitol. It cryKlalliscs in needles: m.p. 
247 

'I'lie methyl ether, Quebrachitol ((luebraehite) 
ociuis in qucliracho bark, it I'lystalUses iu 
[insnis; m.p. 180 [a|,,—81) ’. 

/-Inositol, obtauiod by mixing tlic d- and 
/-i.somendos in equal quaiitiUes, is optically 
iTuu'tive, m.p, 2r)3 . 'I'aniet (Compt. rend. 1907, 
11'l, 119(1) has obtaini'd both racemic- and meno- 
inositol from Iresb npe berries of mistletoe. 

i/iNo- or i-lnositol {(PwtOuiie, n«cdc) i.s 
widely distributed in both plants and animals. It 
I uceuis in museicH, in the heart, lungs, and liver, 
in beef and horsotlesh, and in tho uniiu in case.s 
ol hright's disease, in plants, it is found in 
beans, peas, &c., m tho leaves of asparagus, 
nak, ash, walnut, <!ce., lu all parts of the grape 
Vine- and hence in wines and in fungi The 
I chief Bourco is tiio leaves of tho walnut tree 


Inks : and Seymnur's Modern I’rinting Inks.) | (Tanret and VTllic'rs, Conqit. rend. 1877, 84, 393; 

INKANI FAT, A tat obtained from the | 1878, 80, 480), but very luucli larger qiiantitioa 
seeds of the East Afrieiin tallow tree, Slauoiloi- . arc aliordud liy mistletoe. It may also bo 
flivn Sliihbiuiniiii ; prepared from coehineal mother hquors. It 


INOSlCf^ClD, INOSINE v. ('.mimnk. ! crystalliscfs in biincbcs of needles, m.p. 22iV’, and 

INOSITOL (linmle). A tmnilii'r of nutuiul j '>'»* not roduoo B.i] icswiI’h Bolution. Yeast is 
KiibstaiiouH having the ooin]ii)silion „f <;.yelic ! "-ithont ndviin, lint oertam fimgi tlecoinposu it. 
• iwlyalcolrohs, c.i/. lie..iiihy(li().vya/o/«heMiieH ! hoxaectate forma nionocliuio jilates, m.i). 

arc often classwl with'tho eurlio. i-I- '. Hugo .Muller (t'licm. Soo. Traiia. l‘J07, Ul, 
hyilratcH siilcc they have the same formula. ' l‘«") 1»>« deaerthed mid measured the crystals 
taste sw eet, oeeur along w itli t hem m milure, imd j "f moiiubromopentaeetate, minute crystals, 
l.u.ssiblv luive been toimed from them bv tlie L>n p- 240the dibromotetracctate, broad trans- 
jimction at the eiuls of the six e.vrlpon eiiniii, ; i«'enl imsma, m.|). 14lh, and scaly crystals, 
although such transfurm.ation ha.s never been ■ n'-ie 2,iii ; also of moailoldibroinoliydrin, m.p, 

realised ill the labm-atoiy. Typical uY tiie class , 2Hh. 

is inositol. No less than nine stereoi.someric : ^\ hen iiiositul is evajutv'i ted with nitne acid 

inositols; " 1 i^lniost to dryness and then again carefully 


eviqiorated with ammouiacal oalcnim chloride, 
(OH)OH'' >^'D(()il) ' ft Tose-red coloration is obtained which enables 

''trl(Ufl)t.D(Ull) j (l-tMX).') gram to be detected with certainty 

are possible, of whieb sevon are inaclivc and ; (ISehorer, Annalen, IKot), 73, 322). With 

two iiptically aetive and enantiomorphic. Four ainmoniacal strontium acetate, a still more 
of tlieso have been described,* via. optically delicate violet coloration is obtained. 


active rf- andMnoBitol, and inactive inositol, and ; 'J'he monomet hyl ether, Bornesitol, occurs in 


oocosvtol or scyllilol. Similar pentahydroxy- j Borneo rubber; it form.s rhombic prisms, m.p. 
(■i/ciohexanes are likewise found in plants, j 199''-203 ’. 

Those are rf- and f.(]uercitol. I The dimethyl ether, Dftmbonitol, is found in 

The formation of furfural on distillation of liV>on rubier; it crystallises in hexagonal 
fi^rjoinositol with phosphoric anhydnde m a prisms, m.p. 19.o'\ 

copjior vessel (Nouberg. Biochem. ZeitA-h. 1908, ; Phytin, wliicU is present in many plant seeds, 
0, 551) is tlie only instance in wliieii tv eomplex ! c.g. cotton seed meal, oats, maize, and has been 
substantHi has bera obtained common to Doth I isolated from rice bran, is a luagnesium calcium 
tho carbohydrates and iimailol. ! coiiyiound of inositol phosphoric acid (Winter- 

d-lncnltoL (mateeodatn^CANf) is prejiarcd by { stein, ZeiUch. physiol. Chem. 1908, 53, 118). 
demethjIatlOT (boiling with eoncentratad hy- j Phytie' acid from maize meed is a yellow 
(Iriodk ac^) of the naturally occurring methyl: viscous mass which decompoeos when heated 
ether, it crystallises m a^y'drous ^ with water ai 155^ into pnosjihuric acid and 
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inoflitol. Inositol tctra- and pyrophoaphoric 
aeida have been Bvntliesised by Anderson 
(J. Biol. Chem. 1912. 11,471 ; 12,97). ('ontardi 
((Jazz. chim. itnl. 1912, 42, 40H) obtjiined the 
hexaphosphate by the action of jdiosplioric acid 
on inositol at 120*-I30"’ in absenc'o of air. This 
is regarded as identical with tlio pliytin found 
in seeds (<*/. Clarke, ('Ikmu. Soc, '^rrans. 1914, 
53.')). S'r art. rHYTIN. 

New forms of inositol are produced by the 
action of hydrochloric or hydriodic! acids in 
acetJC acid solution upon inositol (llu|;o iMiillcr, 
('hem. Soc. Trans. 1912, 101, 2383). 

\so-inosiloI is crystalline, ni.p. 24i"-250'’, 
rc'adily soluble in water, inHoliil>le in ether, 
benzene, or chloroform, or alcoliol, but soluble 
in Ixiiling 50 ]>.c. aqueous alcohol. It has a 
very faint sweet taste. Its hexa-act laic melts at 
i 12°, and its Irtmbcyizoalc at 213”. 

iJj-Iiiosilol is an amorphous or miciocrysf.al- 
lifK' mass, very soluble in wiifi-r, but very 
■s|)aringly so m alcohol. Its nitrate i.s modcrati'ly 
explosiv<'. 

ScyllUol (scylliic) diwovered liy 

Stacdler and Friedrichs (d. jir. Cliem, 1858, (i) 
73, 48) in various organs of the Phujia/tlowi 
(ilog-fislj) has l)cen investigated hy J. Muller. 
It is inactive, crystallises in liard lustiouH mono, 
clinic prisms, rn.p. above 339 ’ and is sjiai'ingly 
soluble in water. It giv(‘.s Scherer’s reaction 
and forms a hcxacctyl derivative. 

Cocositol (<’oeosit(') ('(illpiO^, wiH disooveied 
bv Hugo Muller in the hvivcs of Cuco.^ iiuciffru 
(jaiin.) and Cnro.'i pluiuoMi (Hook.) (('hem. Soc. 


and penta-benzoyl derivatives. On oxidation 
with potassium permanganate, mnlonio aejd is 
formed; with sodium hypobromito, the pro¬ 
duct is diketotriliydroxyhextthydrobcnzene 
('BHft 02 { 0 H) 3 . It is not the optical antipode of 
'/■quercitol. 

Quercitol contains 4 asymmetric groupings, 
and Ihoreforo 8 ofitically ftctiv(' and two un- 
re.solvable inactive modi/ieations are possible. 

E. F. A. 

INSECTICIDES I . Flant-si'kavh. 

INSIPIN. 'rrade name for the glycoliic ester 
of quinine sul[)hate. 

INTERFEROMETER. 'I’lie interferomeU'r, 
or rather the int(‘i’ferem;o icfractometer, is an 
instrument lor measuring small difTcronccs in 
refractivi' power betwemi two gnscH or two 
lupiidH : tins it does wdh mudi grcatiT refinc- 
iiKUit than other fonim of refractometei’, and 
consequently it can be us(m 1 to meaHuio small 
diflcrenee.H in eouqiosition between two gasoouH 
mixtures or between (wo Holutions. aii<l in one 
of its forms it. has been used to lind the n'frac.tivo 
indi'xes of new gases by compariHoa with uir. 
It takes advantage of Mic set of bands produced 
by tiic phenoineiioii of inlorforanco and employs 
such Kefs as pnintiT.s or indexos. 

If Iho white light from a siiigh* source is 
broken up into two beams, and if these aro 
made to unite again <-ithpr on a Hcroen or as 
viewi'd tlirough a tele,scope, a set, of jiiterfen?nce 
bands is observed having a eentral wliito hand 
. witJi a series of dark bands to tlu' right and left. 
I'hcse bands are caused by tlio light wavoH of 


Trans. 1907, 91,17()7). It erystallises from wat<‘r beams meeting and in sonic places 


in large Iraii.spareni lustrous monoclinic crystals, 
m.p. about 345°-\J50”, and is optically inaci-ivi' 
Jt forniK a liexacet-ati*. giving prismatic crystals, 
m.p. about 300^ aisn a b(3nzoate and nitrate. 
H gives the red coloration characten.stio of 
inositol (Scherer’s reaction). H. Muller (Fhom. 
Soc. Trans. 1912. JOI, 23vS3) lias shown Hcyllitol, 
quercinc from acorns, and coeositol to bn ifh-ntical, 
and names all three scyllitol ; the occurrence 
of this substance in two hucIi diirerent organisms 
as the cocoa-nut jialni and the dog-iish is most 
remarkable. 

d-Quercitol F«H, 2 (-)g found in the acorn 
and in minulo quantity in the cork and bark of 


reinforcing, and in othciw olilitcrating one anotlier 
according as they are in the «amo jihaso or in 
ojipOHitfi jilmses. Tim dark liands are fringed 
with colour owing to wliitc light being made u]) 
of coloureii liglitH of various rofrangiljilitios; 
il riionocbromatic light is uHcd only bright and 
dark Ijaifils are seen. Tiio two bcaniH must 
c()m<‘ from the same source or no bands will bo 
formed. T)k‘ pluTiorneiKm is discussed in text¬ 
books on fjiglit. 

kShiftiiig of tlu* central band is observed 
when a diftereiit material is introduced into the 
])a(/li of ono beam and not into tiiat of the other ; 
it is on this Hhifting that the meaBurement 


the oak. Hugo Muller (Chem. Soc. 3'rans. 1(K)7. ' (j^.pends. Wfien botii beams pasH through 
91, 1706) has also obtaii-jd it from Hie leaves of exactly tlm bjiitk' lengths of the .samo matorials 
(■himarops humilis (Linn.), the mily Kurojiean • optmal lengths ’ are equal and the central 

representative of the palm family, wliicli was j j^^nd is «een in a certain i)Ia(;«% but if a now 
formerly used like esparto for making jiaper. ! material with a different refractive index in 
The leaves coiitoin 1 ’35 p.c. of quercitol. They j^t^PQ^uced ,into tlie path of one beam, its 
arc crushed, extracted with boiling waU'T, and the . 4 ’ is now changed and the central 

extract precipitated first with neutral and then ' js uhifted to*a new position. A material 

with basic lead acetate. The lead in solution is : higher refractive iiowcr diminishes the 

removed and the filtrate evaporated until ; velocity of light more than a material of lower 
crystals appear It erystajlisos in prisms, m.]). ; refractive y>ow(w and increaKca the ‘ optical 
234° [a]i>+20-16”. It is not fermentable and : length ’ of the path traversed the rays. The 
forma acetyl and similar esters, showing that .opticul Irruj.'h of tlie path of a ray between two 
it contains five hj’^droxyl groups. Potussium^points is equal to the actual distar 


...ydroxyl groups. 

permanganate oxi<ii8e.s it to molonie acid and 
1 ‘tlior products, confirming the structural for,- 
mula as CH.<®(OH)c|(OH)>ai(OH), 

TQocrottol was obtained by Power and Tutia 
(Chem. Trans. 1904, 85, 624) from th$ leaves 
of Oymnema eylvestre (R. Br.). It crystallises in 
prisms from water or nocdI|^s from alcohol, 
m.p. 174* [aly^73'9% and form.s pcuta-acctyl 


equal to the actual distance multiplifed 
by the imjpx of refraction of the material ^ 
through which it passes. If the ray passes 
thrnn^i several materials the *totaf optical 
length is the sum of the several ojJtioal 
lengths. * 

Different ways of restoring the central band 
to its former position arc employed m varions 
forms of the instrumcot and so measuring thn 
difference in refractive indexos, and further 
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tlioro arc difJcrcnt methods of effecting the 
divisiou of tJic beam of light. 

Janiin (Ann. Chira. 1858, f3J 52, 183 and 
171) u.sed reflection and refraction in a thick 
glass plate to separate the beam and send it 
throngh two tubes ; but Lord Rayleigh, u.sing 
u modification of an aiTangemont investigated 
by Fraunhofer, effected the separation in an 
easier way. 

Jini/kujh'A Interference Kefxictumdcrfor Gases. 
—This wan used by Lord Rayleigh when deter- 
juining the refractive power oi argon and beliuin 
by conijianson with air (Proc. Roy. Soc. 18!)5-SM), 
5ft, 201 ; 04, 97 ; also IVaver’s Experi¬ 


mental Study of Gases, 1901, 292 ; also Watson 
Practical Pnyaics, lf)06, 343). The way ii 
which it acts can be scon from Fig. 1,^ bu 
various forms of it have been described. Thi 
plan adopted is to- render the rays of ligh 
from a slit parallel by moans of a coUimatiu^ 
! lens, then to divide them into two beams b'i 
> passing through two narrow apertures, am 
finally to unite them again by means of i 
telescope in which the interference bands wil 
I bo seen. Tlie rays of light from a lamp on th 
right pass through a very fine vertical slit an( 
are rendered parallel by the lens B. The lamj 
and slil arc not shown in tlie figure. The ray 



flicn pass through the two tubes T) and K, and slit and ajicrlurcs. It wai=i cut from a piece o 
on to the two vertical and parallel ujicrturcs plate glasy, glas.s rcpd being unsuitable; it ha 
cc in tlie cap of a telcHcopo liaving a lens nt «. the advantage of magnifying the bands ii 
Tbeso apertures are parallelograms about I inch width only. At first a web was used us th 
wide and IJ inches aj»art, and are exactly reference mark for measuring tlio shift of th 
oiiposite the ends of the tubes. 'I'lie figure bands, but- a inurh belter jilau was found to b 
sliowB the arrangement in plan, the slit and allowing light from B, travelling not throug 
apertures being jirrpciulicular to ilio plane of but in lh(' air above the two tubes, to form 
t he jiaper. Jiisteau of \iewing llie bunds set of reference bands wliich are stationarj’ an- 
througii the lenses of an ordinary eye|)iece, not ullcetod by the materials in the lubof 
much greater magnification was olitained by Each pair of ends of the tubes is closed by 
employing a glass evlinder, shown nt K; it glass plate, llie faces of which must be opticall 
appears there as a circle, since it is pci'pcndieulnr worked so as to be parallel. The appearanc 
to the plane of the paper and parallel to the in elevation can bo gathered from Fig. 2, whic 



represents the next iiustrumont; it shows how and Gases. —An in»-''-..;mcnt emplojung Loi 
the top half of the Ix^am passes * above tlie Rayleigh’s method of dividing the beam, h 
tubes and ilio lower half thi-ougU them, cylindrical lens, and his plan of usiM a wcoi 

Each of the tubes d and >: has a side tube set of bands os a reference mark is described t 

through which it can bo filled, and these side Lowo (Zeitsch. fiir Instrumentenkunde, 
tubcB arc in connection with mercury mano- 30, 321 ; Zeitsch. Physikalisciie, 11> 
meters with adjustable reservoirs by whicli the as made by Zeiss. Fig. 2 shows tbe mode ' 
pressure in ea<‘h tulw can bi' varied and asocr- action of the instrument, though not the acta 
tained. The tuln's are tilled with .air and the dimensions ; A is the slit and B is a collimatu 
gas under investigation respectively, and the ‘ lens; the materials under oxamin^on a 
pressures are adjusted until the central band is contained in two tubes, d and e, placed side c 
brought to a dthnite position in relation to the , side; of these the near tube D is seen ^ 
raferenoe bonds. The prcssurcB in the tjvo tube^'- figure, which shows the apparatus m ele^tio. 
are, of course, different when tliis is attained. Rayleigh’s apparatus could only be used t 
* Other experiments are made with otner pressures, gases, and required two mercury m^ometa 
the central bund being always brought back to with accessories to bring the central band bw 
the came poaition as regards the reference b^ds, to the right position; Lowe dispwised ml 
The relative refraotivity is calculated from the /hese by means of a compensa^, Md made u 
relation between the pressures in the air tube ^parptus applicable for both liquids and ga^ 
and In me other gas; the refractivity bdng Tne Uompenaator is an arruigement oigla 
(/A— I), where u as uic index of refraction. plates somethin like an arrangement ' 

I4trt*9 Jnter/trenu lUfradomcier for lA^ids ■ Jamin (fcc.). It consists of two glass plaU 
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ono placed in Il»c path of tlie beam from ea(“h 
tube and at an of about 46® to the beam. 
One of them, l, is movable about an axis, and 
can be inclined at a greater or less angle to the 
l)eam by means of the lever o, which -is moved 
by the micrometer screw n. The other plate, 
K, is exactly like l, but is fixed ; it is hid by 
!l in the figure and lies in the’path of the beam 
from the further tube E, which is hid by d. 

11 a ray of light passes through a glass plate, 
it will traverse the minimum of glass when the 
plate is perpendicular to the ray, the morn the 
plate i.s inclined from this position the greater 
will bo the length of glass traversed. Thus by 
the device described above, when lhc*optical 
length of the beam coming through the material 
in the near tube D is Ic.ss than tiiat of the beam 
coming through the otlier tube K. a further 
inclination of the gla.ss j)lale L serves to increase 
the length of glass traversed, and thus tiic 
central band can be brought back If) the reference 
hand by turning tlio inicroineti'r screw n. 
Attached to this screw there is a drum, the 
graduations on which servo to measure the 
luelinatkm given tf> fin' plate i., and so to 


eatimutc the difference in refruoLive power of 
the materials in tho two tubes. 

The upper part of the light from tho oollimat- 
ing lens b passes above the tubes and fortns the 
stationary reference bands. On its way it 
moots tho inclined glass plate u which is fixed 
and serves to direct tho light info the telescope 
BQ. This, as in Rayleigh’s apparatus, has tu-o 
apertures at cc and a cylindrical eyepiece R. 
Without the plate h the top of tho tul>es n and 
K would appear in the eyenicco as a thick dark 
lino, making it difficult to bring the two sets of 
bands into exact concordance, but tho effect of 
n 18 to blot out or diminish this line (Rayloigh, 
I’roc. Roy. Soc. 1808-5H). 04, 5)7). 

'I’lie ujHtrumcnt in tho abovo form is long 
and suitable for a laboratory bench, ^ut besifles 
this howo doscribca a shorter and less sensitive 
form. In this, when used h)i- liquids, tho tul>ea 
or chambers are immersed in a water-bath in 
oi'dfT to maintain a uniform tcmperatui'o in 
boili. Irregularities in tomperaturo interfen* 
W’ith the setting of the bands and reference 
bands together, and also make tlio bnn<ls erookcfl 
(Wolff, C^hem. Zeit. 39, 100). 
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Fio. 3. 

An instrument on tlie plan of the lung form taken as a standard, tho compensator is adjusted 
is made by Adam Ililgcr of 75n, Camden Road, so that both sots of bands coincide and tlfo drum 
N.W.l, for use with gases, and is shown in isreadoff^ This reading gives tho starting-point 
Fig. 3. The lettering corresponds to that of and has to be deducted from subsequent rcad- 
Fig. 2, but tho two apertures cc are placed ings; it may vary a littlo from day to day. 
close to tho collimating lens b instead of on Tho tube opposite one of the plates is now 
the telescope qb. Of tho further letters, r and o filled in succession with prepared mixturos con- 
indicate standards supporting the tubes; T and taming known additional quantities of tab 
T are nuts for raising or lowering the tube, sukstaiice it is wished to measure, the* com- 
which can also bo adjusted laterally by a screw jxsnsator is adjusted and niod and a table or 
at s ; K is tho fixed glass plato and Q is the curve is prepaiy.d, by the use of which tho amount 
object gloss of the telescope; v is a knurled in a sample under examination can bo found, 
ring for focussing tho telesffbpe, and p is a spring Which tuljp or <'hamber to use will dojxjnd on 
opposing the micrometer screw. The apertures which material has tho greatest refractive 
are 4 mm. wide and 12 ram. apart; tho two power and also on tho way the instrument is 
gas tubes aro made of brass and are 1 metre made; if the movable plato is inclined away 
long and 1 cm. square in section, and arc closed from the Ic’rcr as in Fig. 2, raising the lever 
by glass plates with parallel faces. It is claimed increases the path through glass ; but if, as in 
that with this instrument settings can bo made some instruments,* ii is inclined towards the 
to loss than ono-fortieth of a band, and that it lover, raising tho lever diminishes the path. It 
is j> 08 sibie to detect the presence of 0*01 p.c. of is best that the water used for comparison and 
hydrogen in air, corresponding to a difference for making standard solutions should be parts 
in refractive index of 0*000,000,015. of tho same lot. Several settings and readings 

Hilger also makes a much shorter instrument tho drum should be made with each porticwi 
for use with liquids; it has a cell 1 cm. long m UquM or gas tested, and for the greatest 
and the range is about 0*000 instead of about accuracy itsis advisable to repeat this with * 
01X10017, which is that of the long form. • other portions of the same lot. • 

Both long and short forms of instrument Anather way of making a determination is 
have to be gradoated empirically, that is to to prepare two mixtures known strength, one 
say, the values corresponding to the reading# ^ a little stronger and one a little weaker than the 
of the drum have to M found by oxpei^nents sample under examination. The oiftl points 
lifting liquids and gases of known composition, are lound by testing these mixtures first with 
The tubes are first both filled uath the material both tubes or chambers filled with the same 
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mixture, and thon will) <ui(5 mixture alongsido 
the other. Having found the end pointa, which 
Hhf>uld not l)(‘ far apart, the sample is compared 
lirat with one mixture and then with the other, 
and its Htiengtli is calculated by interpolation, 
l/'wing this jilan the shifting of the colours de- 
soribcfl below jh less likely to cause difiieiilty. 

JU'sidcH Rayleigh’s and Lowe’s there are 
other forms of interferometer which are of 
interest to the physicist rather than to the 
chemist. 

f!orrrrll<)}i.‘i .—(.'arc must be taken to identify 
(he central white band correctly and not to 
mistake a side band for it. Furtlicr, in using 
tlic. compmisatortiiere is an action, wdiicli us the 
gla«H is more and more moved and as the 
readings on th(' drum get higlicr and higher, 
shifl.s colours on to tlie original central band and 
makes it liiirdcr to identify, and whicli then 
wbitens in turn lirst one and then anoiluu' 
neighbouring i>and so tlmt i1 appears lihe tlic 
original central band, The etTects of ibis 
action have to be nsccrlainiid ami allowed for. 
It i,H caused by differeuci's in dispersive power 
between the glass plate and the solnlions, ao 
that the corrections vary wiUi llie sulistanees 
ill Bohition and with diifcrent mstrunumts. 
The action in diecuasod by Mare in (’liem. 
Zmt. 11)12, 3b, 537, by Valontlnur uml Zimmer 
in Her. DouUeli. Physik. Goiull, J013, 15, 1301, 
and by Adiinis in 3. ^Va8lllngton Aead. Sci. 
11)15, 5, 2t)5, mid in J. Aiiht. tlliem. Sue. 1015, 
37, 118], where many (iireoUont!i are givim. 
Tins (jorreethm haa also to be oonsidcred in the 
case of Rnyleigli'ii instrument (Valontinor and 
Zimmer, /.r., ji 1310). 

])iilere.nt inteiiHiiies of tlie two black bands 
in the centre indicate a faulty ndjiistmcnt of 
the light. 

In other kinds of rcfiuctoniotor it ia important 
to mailitain a constant teinpcruturc during an 
observation, a« temjierutui'o grentjy atTects 
ndractive power, but with the interference refrac- 
tomoter this is less imjiortnni, us any variation 
in temjierature alTeets both tubes, and it is 
imly when temperature has distinetly more 
etfect on the refractive ])ower i>f the material 
ill one* of tlie tubes limn (>n that of the matel.al 
in tlie otlier tube that u diflcrence eaii be 
noticed lieLweeii observations , at ditferent 
temperatures. It is advisalile to make sure that 
erroj-st due to dilTerenec of tiunperatn’w bi'twcen 
that of graduation and tlmt of oliservation are 
negligible (]‘kl\\artls (’hem, and Met. Kmr. RUlb 
21.rii2). 

It sluiuld lie noted that the it'a^lmgs on tlie 
drum are not in simple jiroportion to the 
differences in refraotive jiiwer. Adams (J. 
Amer. (.fliom, Soe. 1915, 37, 119l) gives formube 
for oaloulating values that arc directly jiro- 
jiorlional; they involve finding a constant for 
the jiarticular instrument used; but as each 
instrument is graduated empirically as describc'd, 
above, it is not essential to employ these 
*■ formulie. . < 

Edwards j(J. Amer. (''hem. Soe. 1917, 39, 
238|) proposes in the ease of gases to prepare 
oaUbration tables foi^the interference r^raeto- 
metsr by on experiment with air at different 
preaatired^ and tVn by calculation from the 
imown refraotive indexes of various gases, but 
certain points Imve to be taken into account. 


Usefi .—The interference refractometer car 
be used for comparing two, liquids nr two gases 
together which differ in that one contains more 
of a certain known substance than the other, 
and for ascertaining the amount of this excess, 
'J’ho longer the tubes or ohambers containing 
the matcriala the greater is the sensitiveness, 
and the shorter the tubes or chambers the 
; greater is the range of differences that it will 
cletermini*. J-'iirthor, the greater the difference 
in refractive power between the standard 
substance and the aubstaneo to be determined 
the greater is the sensitiveness; thus when oarbon 
monoxide with refractive index 1*(KM)34, nitrogen 
with M»()0297, oxygen with 1'00027, dilute air 
with 1'000293, the sonsitiveiiess is not nearly 
HO great a.s w’hen hydrogen with 1'000139 is 
llu; diluent; in which ease it is claimed, as 
stalt'd before, tluit O’Ol p.c. of hydrogen in ail 
can be found. 

In tlu» ease of liijuidK Adams (J. Amer. (’hean. 
Soe. 1915, 37, 11H7) says that w'itli his instru¬ 
ment, using a 4 cm. eluirnber thr ough which the 
light was refluided bac k, and which consequently 
was e(|uivalent to an 8 cm. chamber, a difference 
of 2 parts per million of sodium chloride in 
! aqueous solution could bo f<mnd. 

1 'J’hr following applications of the interference 
lefractometer ha\’o been made or suggested : 

In the ease of gases for examining : (1) Air 
in ventilation systems. (2) Flue gases for boiler 
control. (3) The gas in aii’shijis. (4) Illuminat¬ 
ing gas. (5) Ammonia in distillation gases, 
(fi) The gill evaporating from liquid air. (7) 
Mine air for methane. Kuppers ((.liickuuf, 
1913, 49, 47) gives directions for testing mine 
air; tliis and the ordinai'y air us<‘d for com- 
jrarison should Ixi freed from euibon dioxide 
and water x'ajioiir by means of soda-lime and 
ealeium ohlonde. if the mine air is deficient 
in oxygen a correction must be made (Seibert 
and Harpstcr, IhS. Bureau of Mines Tech. 
I I’aper Mo. 185, 1918, p. 11). In testing gases 
by Lowe's instruments the pressure must bo the 
, same in both tn1>e»; this can bo effected by 
making them both communicate with the 
: atmosphere during an observation, but witli 
! some device to check diffusion. 

Jn the ease of liquids ; (1) Examination of sea¬ 
water, for variations in saltncss (Lowe, Annalen 
d. Hydrographie, 1912, 40, 303). (2) The 
analysis of colloid soKTilCns and the investigation 
of tiio phenomena of adsorption (Marc, (^/hem. 
Zeit. 1912, 3(5, 537). (3) The determination of 
the efficiency of jiltering materials in w^atcr 
works (Mare, I.c.). (4) Standardising solutions 

for volumetric analysis. (5) Determining potas¬ 
sium and sodium in u mixture of their sulphates 
(Adams, -I. Amer. (!hem. Soo. 1915, 37, 1194). 
((») Testing the activity of diastase and yeast 
(Wolff, Chem. Zeit. 1015, 39, 105 and 197). 
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I INSECT WAX e. Wam:s. 

INSIPIN. Diglyeoliic aci«i e«(('r cif quinine. 

INTENSIFIERS r. RtiinooiiAi'Hv, 

INTRAMINE. 'I’riKh* name for di o-iunino* 
phenyl di.sulpliide, used m the tn^atment of 
s\ jdiilis. 

INULA CAMPHOR }\ ('A.Ml'IKIItfl. 

INULIN r. ('AUBnnVIMUTKS. 

INVAR. A steel {•oiitaining*35'4 p.e. nickel 
Jiavuig an extremely low ri>ctlieient of tlionnul 
cxj»ansitm {r. NickI':!.). 

INVERTASE (Snrr/i\/). hivrrtaHc is the 
en7yme a.Iiu Ii hydrolynes ru- ifivt-rts sucrose to 
dextrose and hevukMC. It is present in ail 
yeasts except S'. iif*, *V. aijmulari-i, and 

S. mctiiJj)anci‘f(inni.'< (Hans.), and is extremely 
aotivc. Aceonimg to O'Sullivan and Tompson 
(Chem. Soc. Tnins. 1890, 57, H34), whoso 
contribution to tlu^ subjcid. is still a olassic, 
it can hydrolyse 200,000 times its weight nf 
sn<’ro.‘4{>, iind probably this tiguro is muoh under* 
stated. As is tin* case with oHier enzymoa, Init 
little IS known of its nature. 

O’Sullivan iiunlied invortase by fractional 
precipitation so long as it riunaiiicd active, and 
ioiiiid that the projiortion of carhohydrate 
inereasi'd. He identified tliia as mannose, as 
was also done by Koelle (Zeitscli. pliyaiol. Chem. 
1900, 29, 429). A very ])uro prejiuration was 
ohtniricd hy Osliorne {il/id. 1899, 2N, 399) w’hich 
gave none of the jindein rott<!tion«, except 
(irecipilation by copper sulphate, lead acetate, 
and phoHiihotungstui acid ; it gave the hiuret, 
xantnoju'otcin, and Millon’s test faintly, and 
could not ho freed oonijiletely from carbo- 
hydrate. It also always contained nitrogen 
and ash. Salkowski (Zeitsch. pliysiol. Chom. 
HH)9, 01, 124) considers that invertase (1 les not 
contain carbohydrat-os and that the •yeast gum 
vvliieh accompanies it is an impurity. (Jf. Will- 


and 197. Adams, Frt'czing j)oint of dilute ! statterand Kacke. Annalen, 1921, 425, I. 
stdutions ; J. Amer. Chem. Soc. 1915, 37, 481. Accortling to Mathews and Glenn (Bio- 
Adams, hhill aooouffi of the interferometer; Chem^J. 19) 1, 9, 29), the moat active prepara- 
ibid. I9L5, 37, 1181. Adams, Mntbematieal tion contains about 2 p.c. of ash and 2'2 ji.c, of 
discussions of the interferometer; J. Washington nitrogen. It consists of a gum and a nltro- 
Aead. Sci. 1915, 6, 265. Edw’ards and Ivcdig, gcnr)UB portion yielding 70-76 i>.e. of mannose 
Significance of oxygen in balloons. Aviation ami on hydcDlysis. 'J'bese authors cousider invertase 
Aeronaut. Eng. 1916, 6. 325. Edw'ards, Calihra- to consist of a union nf an inactive colloidal 
tion of the interferometer by calculation from the gum with an.a live jirotcin fennent; by the 
known refnictivitios of gases; .1. Amer. Chem. action of acid, the ferment is frited from the 
Soc. 1917, 39, 2382, and U.S. Bull, Bureau carrier and rendered active. 

Standards, 1918, 14,473. Seibert and Harpster. Mathews and (den |J. Biol. C'hera. 1911, 9, 
Use of the intorferomotcr in gas analysis; 29) consider that os ordinari|^ prepared invertoao 
U.S. Bureau of Mines, Tech. Ra^jer Nf). Uib, is a oumbinathm of a protein and a mannosan. 

1918. Edwards, Rermoability of balloon fab- Alfc attempts to free the protein from th*o gum 
rics; Tech. Rapors of Bureau of Standard.^ and regain enzymic activity were a failure. 
No, 113, 1918. Edwards, Application of the The parallelism betw'een activity and nitrogen 
interferometer to gas analysis; ibid. No. 131, ooptent is taken as indicating that the active 

1919. Ponchon, Industrial analysis of gases; substance is a protein. 

Chim ct Ind, 1919, 2, 647. Mcl>ennait* and Nelson and Bom (tT. Amer. Chem. Soc. 1914, 
Blworthy, Estimation of small aTQoun^ of helium 36, 393) find that highly purified ^vertase does 
or hydrogen in air by the Jamin interferometer not show the protein reactions until after 
oomoined •nith a spectroscppe, Trans. Boy. Soc. hydrolysis wiib dilute sulphuric acid, indioatring 
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that the properties of the pn^tein nrc cffcetually 
masked in the invertasc itself. 

Invertase appears to be offeotivo in all cases 
where dextrose and la^vulosc are united, even 
when a third sugar rnolee.ule is attached to these. 
'I'hiis it hydrolyses rallinosc, gontianose, melici- 
tn.se, and stachyose, splitting off la3vulo8e in 
each case. 

Invortase is of common occurrence in the 
vegetable kingdom; it is present in buds, 
flowers, and leaves of the higher jdunts and in 
numerous mould fungi. It is not so widespread 
in the animal body as maltasc, being ])rHOtically 
limited to the mucous membranes of the ali¬ 
mentary canal. 

The laws regulating the velocity of invertasc 
action are dcajt with elsowliere (e. Fkumknta- 
TioN and Hydrolysis). 

It is veiy Hcnsitivc to the minutoMl quantities 
of alkali, winch retard or stoj) its action, and f(»r 
lliis reason its action is aecelcrntetl by diluUj 
acids or acid Balts, althougli })robiil)ly, like 
diiiHtaHo, it is most active in truly neutral solu¬ 
tion. (Quantitative work with invertasc must 
be earned out in hard glas-s vessels and with 
Kolutions which liavc been stoi'oil and measured 
in such vessi'ls. It is the negl(‘ct. to avoid alka¬ 
line imimnty w'hieh has lu'casioned many of the 
controversial fltatemonts in the extensive Iiloni- 
ture relating to this subject. 

The rate of action is much influenced by 
temperature; 55‘'-(K)” being that of maximum 
activity, beyond wdiieh it beeoiiu'.s weakened by 
heat («ce also papers by JCuler, Zeitsch. physiol, 
dbern. 1010 and 1011). It is destroyed between 
or)'’ and 70*. The ])ow’er of tlie enzyme to n^sist 
lioat is considerably incTeaHi'd by the presence 
of sucrose: according to (ViSullivaii, it will 
withstand a iiunjieraturo 25* higlier. 

. An active solution of invertasc is readily 
ubiained extracting dried yeast with water 
or by shaking up living yeast with ehlojoform 
water. A very active permanent ]uoparatian 
may bo prepared by setting asiile washed 
pressed yeaat with a little waiter tc) autolyse at 
;17'' for a few days. _'l’he liquid i.s liltcred and 
alcohol added a few cub. cm. at a time to the 
filtrate HO aH to keep the ]ir<>cipitalc in a granular < 
form. ■ The liquid is decanted, the ])rccipitaU« 
washed first with a little (K) p.c and then with 
80 p.o. alcohol and at onco dissolved ina minimum 
quantity of ■water. The jiircipitation .proce.ss 
may be repeated and the final product ibssolved 
clear in the smallest quantity of water and 
bottled with a little toluene. 'Ihis solution, 
which is of very high activity, may boikept for 
years without its activity materially changing 
(u. Fekmkn IA'IION). 

Investigations made W Euler, and later by 
Meisenheimer (Biochem. ^eitseh. 19111, 54, 122), 
have shown that the amount of invertasc in 
yeasts is largely ii\creased by allowing them to 
remajp in contact with various sugars for one 
or two days The invertase was prepared i/oiu 
tie expressed juice by the acetone»method. 
Under those oon^tions the zymaso content of 
tho yeasts diminished. Invert sugar or fniolose 
caused a larger Incieaae^m the invertase than 
gluoose or cane sugar, a fact which is explained on 
the assumpta m, previoosly made by Armstrong, 
that a fruotose-invertase combination is some¬ 
what more stable than tho combination of 


invertase with other sugars, and the ferment is 
thereby more ofliciently guarded against change 
during tho autolysis of the yeast. Euler 
(Zeitsch. physiol. Chem. 1913, 88, 430) claims 
that it is tho process of fermentation as such, 
and not tho substrate or the products of the 
reaction, which influences the formation of now 
invertase. Enzyme formation is closely oorro- 
lated with the formation of fresh protoplasm. 

'fhe hydrolysis of cane sugar by active 
invcrta?o preparations is complete, and the 
most careful experiments made by Armstrong 
(i’. The SiMi’LL (Jakbohy^dka iks), and later by 
iludson and I’aine (J. Amor. Chem. Soc. 1914, 
3(), 1.571), have failed to detect any evidence 
of synthetic act i\ it V. E. F. A. 

lODALBAClD,' lODALBIN, lODANlSOL, 
lODEIGONS, r. Sv.viHETic imrc.s. 

lODEMBOLITE v. Embolti e. 

lODGLIDIN, lODIN, r. SYKTiiiaTir dkugs. 

IODINE. Syinbt)! J. At.wt. 12(1-93. 3’liiB 
clement was discovered in 1S!2 by CourtoiH in 
the iiiother ln(iiur r»f kelp. The discovery WJ^^ 
first announee<l to the FiTiich Instituto in 1813. 
The properties of the now element were further 
invoHtigated by Clement ami Desoiini’s, Gay- 
laiHsae, and Davy. 

Iodine is a crystalline solid of greyish-black 
eoloiir and bright inetulHc lustre resembling 
jilumhago. Its sji.gr. is 4*948. It is obtained 
by Hubliinulion in brilliant rhoinboidal })latcs, or 
in elongated octahedrons belonging to the tri- 
metric Hy.stom. In very thin ]jlaleH it transmits 
light of a red colour. It melts at 114*15*, and 
boils at 184*3.5° (Ramsay). It voliitilises fft 
ordinary tcinjioratures spoiitaneouHly in tho air, 
diffusing an odour resembling chlorine. It is 
sometimes employed in this w.iy in hospitals as 
a disinfectant. Its vapour pressure at 50° is 
2'15 inm.; at (50°, 4*29 mm.; at 70*, 8*20 mm.; 
at SO'’, ]5*09 mm.; at 90'^, 20*78 mm. (Ba.xtcr 
and (Jrosc, J. Amer. Chem, Soc. 1915, 37, 1001). 
'I’h(' vapour has an intense blue or rich violet 
cohnir, and is one of the heaviest of all known 
gases, having a sp.gr. of 8-801. A stratum 
4 inches thick presents a black mass quite im- 
])orviou8 to light. Heated above 700° tho 
'Kp.gr. of tho vapour begins to dimmish until 
at 17(Xl° it is half that at 700°, and the vapour 
is monatomic. It is very slightly soluble in 
water, requiring about Slilfi parts for solution 
at 18°. It IS soluble in ^^loroform, bromoform, 
carbon disulphide, light petroleum, and benzene, 
forming violet solutions ; aLso in ethyl, methyl, 
and amyl alcohols, and in ether and glycerol, 
forming brow-n solutions. It is very soluble in 
potussium iodide, of which 1 part in 2 parts of 
water will dissolve 2 parts of iodine, lorming 
potassium triiodide Klg. In reactions it 
resembles chlorine and bromine, but is leas 
energetic, and is displaced by those elements 
from its compounds with hydrogen and the 
metals. It has a strong affinity for most of 
the metals, and in the presence of water, attacks 
and dissolves gold. The most charooteristic re¬ 
action of free iodine is the dark bine compound 
formed ivith starch; this test is extremely 
sensitive, and will reveal tho presence of one- 
mil&onth port in any li<^uia containing it. 
Another characteristic reaction is to liberate tho 
iodine from a solution by nitrosulphorio acid, 
and dissolve it out d>y carbon disulphide; this 
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aflorils au accurate and easy method of esti¬ 
mating it by tno ^pth of the crimson colour of 
the solution ; it is also extremely sensitive, and 
well adapted to estimate small quantities of the 
element. 

iMotopes-of iodine .—By the method of po.siti\'c 
ray analysis, iodine is shown to be u simple 
element of atomic weight 127 (Aston, ('hem. 8oc. 
Trans. 192!, 11!>, 977). 

btdino in minute quantitic.s is very largely 
flistrilnited throughout the aniniiil, vegetal)I<', 
and mineral kingdoms. 'I’he tliyroid gland 
of the sheep contains, for examjile, on the 
average, when dry. O',‘14 j).c. of lodme, or on 
the fresh gland O'OO p.<-. (.Martin, IMiarm. .1. 
1912, 89, 144). As a mineral it oeeurs in eom- 
bination with silv(*r, men-ury, and lead, in ore.s 
from Mexieo, ('Idle, and Spam, witli zinc in 
Silesia, and with lead in South America, it i.s 
also foiiml in dolomite from Saxony, m limo- 
sfone trom .Montpellier, in shale from Sweden, 
nn<l 111 calcium phosphate from France. Jt 
exists al.sn in the ‘ caliche' of (‘Idle in the form 
of sodium lodato. 'I'lus is the only mineral 
source from ulneli it is rnunufaetured, and has 
Ik'i'ii for many years the most imporlanl of all 
the commercial sources. 

Manv rainiTal waters contain iodine, notably 
those of (‘arlsbad m I3avaria, flail in Austria, 
.Manenbad in Jbihernin, ifolbiTg in Foinerania, 
Hallo in Saxony, Sales in Ihedmont, Nix in 
Savoy, Kreuzniieh in (lalieia, liaise in .lava, 
and JalJien in France. Jt in also found in the 
waters of Fnednehshall, (’astellamaro, Hcilbrun, 
llomburg, SeideliuL/,, and N'lchy; and m this 
country in those of Leamington, Bonington, Bath, 
Cheltenham, and Woodhail. It is a valuable 
remedy in skin diseasoH. Tlie sea is an aimn- 
dant source. Iodine is always jire.sent in sea- 
u liter, but in such a very minute proportion 
that it is diliiimlt of detection exeeiit by ojierat- 
mg on large quantities. It has been estimated 
in the Atlantie at 1 part in 280,()(KJ,()00 (Stan¬ 
ford). fodme in organic eornbination is not 
found in Atlantre ocean water. According to 
Winkler (Zeitsch. angew. ('hem. lOlb, 29, i. 29.7), 
the total iodine content of the water is approxi¬ 
mately O'Oo mg. ])er litre. Near the surfaeo 
where the water is exposed to air niid sunlight, 
the iodaUsiori predominates : at a greater depth 
the relation between iodate and iodide 
changes, the proportion c>f the hitter incn^asing. 
All fishes and all nnima! products from the 
sea appear to contain iodm<‘, but in very minute 


quantity. The following 

table shows 

a few of 

the marine products in 
est imated:— 

which it 

lias boon 

God-liver oil 

0-000322 p 

c. iodine. 

Cod-Uver . 

0-000817 


Codfish 

O-OOODK) 


Herring, salt 

0-00005-) 


Whale oil . 

0-000100 


Seal oil . - - 

0-0000.70 


Oysters (Portuguese) . 

0-000040 


Prawns 

0-000440 


Limpets 

0-003200 


Cocues 

0-002140 


Whelks 

0-008920 


Mussels 

0-035720 

> 

Sponge (Turkey) 

0*200(K)0 

„ 

Sponge (Honeycomb) . 
VoL. ill.—r. 

0'0a40oo 



Nearly all scawoods or marine algiu contain it. 

It may be extracted from seaweed ny a solution 
of aluminium sulphate. This when treat^ni 
with cojjper sulphate and sulphunius acid or 
a sulphite yields cuprous iodide. It is present 
even in the ZoMem minmi (L.) or grass wrack, 
natural order XniadacdT, a flowering plant 
growing only m the sea ; but tluTO are some 
remarkable exceptions. The gelatinous speei(«s 
of uiga', the ('hondi u.s (L.) (nr Irish moss), 

and Gflidliini. rornruiu (Lam.) of British hjh'cics, 
and the tJiir/iifnna .spi/uwiim ((L.) .1. Ag.j, or 
■ ii/fir iKjar of for«'ign spinicH, do not contain 
iorliiie. 'I'he h'liIfKntboi p/ia (■o/«//re.vw [(L.) ( Jrev. (, 
or common sea grass, when dry ha.s a strong 
odour of the sen, but does not contain iodine. 
The salsola or salt wort, Snlsoh Kali (L.), 
natural order Chiiiopixharnv, growing tui the 
seasliore, and from wliieli barilla was made, con¬ 
tains no loiline. Some of tlu' alga* ari' compara¬ 
tively rich in iodine, and the ash of (hes<‘ plants, 
known as kelp, for many years formed Lius only 
commercial mouici! of this imjiorlaiit element. 
For Hie distnbufioii of iodine in plant and 
animal tissues, mr ('ameron,,). Biol. ('h<‘m. 19ir), 
2 : 5 , 1 . 

Mnnnfathtu', —By far the greater bulk of all 
the lodmo pi’odiieial is now extracled from the 
moilier lujiiors of tlu* nitrate uorks in ('lulc, but 
the maniifai'ture of loiline from kelj) has for 
long been earned on in Seotlaml ami in I'nince, 
and within reei'Ut yi'iirs lias been started in 
Norway and in .lajian. CourtniH. a saltjKitro 
maker in I'lins, who discovered iodine, obtiiimul 
It from the kelp lupiorH which were used to 
furnish the salts of potash lequired in his manu- 
fiu’ture, and this was for many years the only 
commercial source of iodine. 'I’h<' miinufaetiiro 
was unsuccessful cornmereially in the hands of 
tile diseovm’er, and he died jn poverty. It was 
afterwards successfully earned out Tiy MM. 
Coiirrieri#. of (^horhourg, and has continued to be 
an important manufacture on tlie Normandy 
coasts. In this country it was first made on Iho 
small scale by Dr. Dro of (Hasgow, and the 
manufacture has since been almost exclusively 
confined to that city, where it ims assumed con- 
flfterable importance. It was lirsrniade Iherc in 
quantity in 1841, and the iinjiorts of kelp into the 
Clyde in lhaV year amounted to 2r)()r) tons. In 
1845, there were four small works engaged in the 
manufaid»ro (d iodine. Kelji was then uwid for 
soap making on account of the aodium cariionato 
it contained, and the iodine was extracted from 
Die lyes of the soupbinlers. In 1H4G then; were 
twenty niukir.s of iodine in Glasgow, wlio then 
treated the kelp directly, extracting also the 
potash salts wlychliad a high value in thp market. 
The fall in the price of potash salts owing to the 
discovery of the Stassfurt mineral, which re- 
duccfl the pnee to one-third, the very variable 
ebaraetf • of the kelp used, a*d the extreme 
fluctuations in the price of iodine, ranging from 
As. to ^8. per lb., soon reduced the number of 
makers, andf now there arc only three works in ■* 
Scotland. The produce of iodine from kelp waa 
so limfted that it offered unusual temptationa to 
8i>eculatorB, who derived* most of the ben^ 
from the high prices, the manufacturers suffering 
the losses during the low prices. * 

^foreover, tna Scottish kelp industry, so 
far at least as the prfiduction of the kelp is 

2 T 
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concerned, has always been primitive and badly Potassium sulphate . . . 2308 

orRanised. Since 11)05, however, there has been Potassium chloride . ‘ . 1’46 

a marked increaHe in production, and under Sodium chloride . . . 19’13 

better eonditioiiH as regards organisation and Sodium carbonate . . . 6’48 

inetliodH tlie industry might well attain a state Insoluble .... 43'7l 

(if |)r(iH|ienly (c/. Hendrick, The Value of Sea- Water.b'22 

weeds as Ibiw iMaterials for (.!hemical Industry, - 

,1. Soe. (‘h(“m. Ind. Iblb, Sb, 13; also Scott, 100*07 

The K<‘lp Industry, Heport to the Board of I'otal }K)tash, KoO . . . 13*40 

Agnciillme for Scotland on Horne Industriea Iodine, lbs. i*er ton . . . 4*18 

in th(' HigiilatKls and Islands, 15)14). =0*18 p.o. 

’Die histnry of kelp, or rnrec as it is called in 


1‘Vanee, is extremely interesting. It is a erude I on wmen iney grow, anu eiist nsnuie ; uuuac 
lougli .slag made l>y burning seaweed in long tlu' black wrack, tlicsc plants suffer much from 
sliallovv jals. l''or many years it was a largo and ram. the^'more valuable salts being completely 
viilunbk* article of commeicc, and greatly en- wasluMl away, and are often after drying quite 
riebeil the inoprietors of the West Highland \ alue|es.s, the kelper losing all his labour. From 
estate's where it was prineijiailv nnicie. It was the time of its discovery, the iodine Ava.s the 
then tlie onlv source of soda. At tlie beginning most important jirodiiet, but the potash salts 
of last etmlurv it leaiised 2(i/. to 22/. per ton, w etc also very remunerative at first. Potassium 
and the Ib'brides alone yielded 20.(HH) tons per eblonde, or ‘ munate,’ as it is technically 
annum, worth upwards'of 4lH*.(Mi(i/. It was called, w-aa worth 2.U per ton. Tho discovery 
largi'ly us<'d in Hoa[) making aiul in glass making, "f th(' iSta'^sfurt minei'al rediiec'd its value to 
and witliin tlic last liundretl years tlu*re were | a)>out. onc-third, and the further discovery of 
glass woiks at Dumbarton using Ibis matei'ial, ' bromine in the satne. mineral reduced the price 
wlilr-h wane celebrated for the (luality.of their | of that element from 3S.«». to \s .3c/. per lb. 
glass. At a gin.ss works in Hrontheim in Norw'ay,/i’ho amount ot bromine, in kelp is small, 
It wa.s still used for this piirjiose u]) to about only about one-tenlli of tho iodine, and it 
forty j’cars ago, 'Phe importation of barilla has not boon extracted from this source for 
gave the first blow to kelp, and it fell in ]inco, the last forty years. Jt is remarkable that 
and for the twenty-two voars ending 1S22, tlie the algie should sek'ct iodine, as^bromino is a 
average price wa.s'll)/. lUs. 3'lm duty was thmi rniieli larger eon.stituont of soa-water, which 
taken off biinlla, and the price of kelji again fell usually contiuns about (1 jiarta in 100,(K)0, and 
to8/. 10,5.; in IH23, the salt duty was rejiealed aecording to Jhttmar appears to boar tho 
and kelp fell again to 3/., and \n‘l831 to 2/., at constant relation to tlio chlorino of 0*34 to 100, 
wbieh jiriee there wa.s no furtlier jirofit on the i whereas iodine exists only as a minute trace, 
manufacture. In the meantime soila was biung difficult oven of detection, although tli<5 aggregate 
largely made by tlie la’blane process, and kelp amount in tlie ocean must bo emirmous. 
w*a.s superseded altogetluT as a source of soda. 'I'be nlgm differ eonsidorably in the propor- 
It must have been a mo.st, exjuuisive source, as lion of iodine which they take up from the sea- 
it yieldeft only aliout 4 p.e. of alkali and often water, ami only two species, tho Larninarta 
less than 1 p.c.; and at one time must ^uive cost (h'<iltnta and the L. stawphylla, are worth burning 
the soap makers what would have been equal to for kelp. 

UK)/, inir ton for soda ash, worth now about It is remarkable that tho giant algffi of the 

Falkland islands contain very little iodine, 
3’he manufacture of iodine and potash salts although these arc the largest sea-jilants in the 
then began to assume some importance, but the world. 3’he Duvdlaa ulilia (Borg.), a marine 
kelp reljuirefl^was not the same, that wliiKli i tree witli a stem a foot in diameter, and the 
contained the most .soda containing the least j Marrocy-sixs pi/i>fern (Turn.) which grows to the 
potash and iodine. Moreover tho. helpers liad length of 1 .500 feet, contain only traces of iodine; 
boon taught to burn at a lugli temperature, whicli in some samples it can scarcely be detected, 
improves the yneld of sodium caibqnato but 'Pbo table (col. 1, 1^^431 shows the average 
volatilises much of the potash and some of yield of the most important varieties. Ihe 
tho iodine, 'rho seaweed enipl(\vod by tho kelp plant figures are taken from a large number 
helpers was of a kiiul eontaining little iodine, of analyses, from soaw’ocd gathered all around 
ana n(»t very rich in potash. 3'hev used almost | the shores of Great Britain and Ireland; also 
exclusively the black wrack, cut in large quanti- j Denmark, Norway, and Iceland, 
ties in the Highland lochs, an«l copsisting of the j Tho seaweeds chiefly used in Japan for tm 
three fuel, Fucua ve.siculoAUA (L.), Ascophylliim \ extraction of iodine are Laminaria sp., Ecklonia 
vodoAxnn (Le Ji»l.), and ncnatUA (L.), which rnm, E. hicycHe (Kjollm.), and iSorgaa^uw 
are all uncovered at low tide. This is now I'he iodine content varies w’ith the age of th« 
entirely unutilised : the kelp made from it was algee and also with the time of year, ^ing 
knpwn as evt-weej kelp. 3'be average analysis ^Treatest during June to September; the foUoW' 
from numerous cargoes of the kelp ie*i-how'n ing figures give the iodine content of some o! 
otop (if next column (■ the raw seaweeda ; Ecklonia caeo, 0*23 p.c.. 

Drift kelp is the only variety now employed E. bicydis, 0*27 p.c.; Sargassum sp.y 0*06 p.c. 
as a pource of iodine. It is made from tke red Laminaria anyusiaia (Kjellm.), 0*18 p.c.; D 
w'racks, the Lominaria^digitata [(L.) Lamx.], or longiasima, 0*17 p.c.; L. ocholensisy 0*19 p.o. ^ 
tangle, and the Z/, atcnophylla, which are alw*ay8 According to Okuda and Eto (J. CoU. Agno 
submerged! by the tide, and contain about ten Tokyo,^1916, 5, 341), the peater part of 
times B6 much io<Bne as the fucL These sea- iodine in algse is in o^amo cdmbination. 01 
weeds are torn up by the storms from the rooks i the total iodine found in Ecklonia cava 90 p.o 
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Pry weeds 


Drift Kelp: 

Laminaria diffUata f(L.) Lamx.], 
'I'anRle, stem . 
stenojihylla . 

,1 ffttcf7ianrt/i(Lamx ),HuRar 
Wraek 

Cut Kelp: 

Funu serrofus (L.), Black Wraek 

Asrop/ij/Uum uod<mon (I.c Jol.), 
Knobbed Wra<-k 

Bladder Wrack 

Various 

ilalidri/t. mUi/iiom |(1, ) bvii«b.l.Sea 
Calc , . / . 

Japanese Seaweed, edible 

Uiinanthuha Iona |(!..) i,ytuih |,Sea 

jihoiii/rneniii po!/,iata f(J. ) Orev I. 
Dulse, edible 

CViorrfrt Ftium [(L.) StfU-kli.J, Sea 
Twino. 

Zufttcra wirinn (L.), Crass Wrack . 

Iiunihva vti'.ift (Borff), Fulkluiid 
I'lauds - . . . 

?tl<ii'rfC!iKtU jii/ri/era (Turn ),' l alk- 
laiul Islands 


Per 

cent. 


0 477 


1 lbs. per I 
ton I 


10-l.aH 
■ 1U7U11 


ipiorant people who do this work. 1'hero is 
the further disadvMitage that the sulphates are 
reduced to sulphides or ozysulphides, and a con¬ 
siderable extra expenditure of oil of vitriol to 
decompose these is entailed; sulphur is thus 
obtained as one of the by-products of the lixi- 
which it ought not to exist 
0 2704 b 2.>8 [ at all. The preseneo of silica as sand grt'atly 
assists tlie volatilisation of the itidine. 

I he following tabli^ shows the anulysoH of 
very good siimples of Irish aiul Scotch kcl}i, 
and also of the latte?' hurnl into h>o8e ash, and 
the co?np,irison of those itnUeates clearly the 
effect of tile hi'at of burning:— 


ouHr.d I-81): 


n-o.".72 

0'U207 


1 281 
0 ()().-» 


<1 21 ■? I 
0 3171 

0 0802 


rood 


i 


Kelp 


0 0712 I'oUi 


0 1200 

o-oir)7 


(ro:J08 


2 088 
1 ()'23 

0 1 70 

0-090 


Irish .Scot I'll 


W'a.s in a soluble organic form, and was not 
liberated by boiling witli dilute Huli)iuiric acid 
or jiotassium hydroxide. PYesh suniiili^s of 
Erklomn hicydis contained under •'> ]>.{•. of the 
iodine as iodide, and 95 ]).e. organic, of wliieh 
IK) p.c. was soluble. 'I'hc amount of iodine 
increases frcim winter to sunimcr; old plants 
eoiitam more than young jiUviits. Tininnarm 
(Vendo), Sarfjnsxitm (nn-i'f (Ag.), and 
horu(n (Ag,) conlauu'd, resjiectively, 
oB, 7S, and 00 p.e. of Holiihlo organic, and 
10. anrl 17 p.c. of the soluble inorganic element. 
'J he Jajiam-se food ‘ dashikoinlni,' made from 
Linnniarui by jiartially fermenliiig and drying, 
contains 95 p.e. of its iodine in an inorgann' 
state. Tloihng with formalin, which converts 
the iodine into an inorganic form, is a U'st for 
the detection of organic iodine in ulgai. '['he 
soluble iudine of Erkloniu hiryilis is preeijutated 
by basic lead acetate, and bv Stnizei's eoiiiie 

k.-t XU- ; 1'- _ 1 ■ ^ f. 


Potassium «iil|»lialo 
,, ehlonilc 

Sodium ,, 

I'arbonate . 

„ hul]il)i(lc 

' thio.'uilphule 
,, iodide 

thiocyanate 
Tgiinic iimlli’i' 


Sohihle I 
Jiij^oluhh 

\Vul(T . 


i:{-95 

17-79 

1-1-m) 

:P92 


' 11-14 
: 27-17 
9-OU 
5-S2 
i j Heavy ffeiivv 
ij trace trace 
1*22 0’75 

! 0‘S2 0-7() 

([Heavy Heavy 


t race 
x\ll 
41-41 
:Piti 


trace 
Nil 
44-HO 
4-05 


'I'otal potash, Kgtl 
Iodine, lbs. jier ton 
Carbon m insolulih' jiart. 


! 99-08 100-112 
|2:M7 18-77 
141 
Nil 


\r>h 

Nil 


Scoirli 


12-71 

18-09 

(5-80 

Slight 

trace 

0-17 

1-48 

Slight 

trace 

0-42 

40-75 

7-00 

00-85 

18-22 

28 

9-(K) 


A difrerent method *of manufacture waa 
introduced hy Stanford in iHOIl, ifhen works 
were ^'eeled in the Outer Hehndea for the car- 

™...,..... ‘“"t?'" e- m 

reagent, but the chief iedine: compound in the I ' 2 ,„V‘."Te i II th« tangle into 

aqueou.. extract is not co.nbinotl With jirotein. I H „ i il] / ” "f J'-struo. 

Alga, from the open sea apparently contain uinre i ' ' , pnneipall.v of tar 

iodine than the same species from inland .sea«. r,,,? 1 * V ^ 

It will be soon that even in the drift weeds ^ it,, t ,,n«' f T™ “ ^ 

the quantity of iixline is inconsiderable, but if omiilnved «1. n ^ aeaweed 

tlie plauts are prop^Iy burnt to a loose ash at /aioi ^ ''"''"‘‘,"■8 very white 

a low temperature, illey ought to yield a kelp “h!" , ' ‘H ®i- • reaidual 

containing 2,5 to 30 Iba of I,.dine to the ton^ hat from tilal th'tr f«»emhle 

12 lbs. per ton is, however, above the average nninll nereent’nre r 'I’J’"Y’'.r’8!y ‘carbon with 
yield from ordinary drift kelp. 'J'he kelpers “ ,T" T 

often neglect to protect the seaweed from the j „ 1 ^ e, i ’‘PP''““l'e8 animal char- 

hldid' d“”’ ‘‘‘a <'«"’parisnn 

lodidea, and moreover it is difficult to prevent . i 

them from burning it into a hard slag by working ‘ .. 

it up, when molten, with iron claute. Sand and 
atones are thus mixed up with it, and the great 
heat employed drives off sorao of the iodine. 

The result is a hard slag of great density, ^d 
this density forms one of the difficulties in m- 
ducing the kelpers io bum the weed to a loose 
ash, which they imagine, from the lightness, 
will not dve them the weight they expect. As 
an actual fact, of course, the total weight of the I 
ash so product is oonaiderably more, fronttihe { 
same quantitj^ of weed used ; but fallacies i 
die hard, especially amongst the poor and | 



St-aweed 

Carbi'ti 

. . 62 64 

Cah-ium phoaphate 

10-92 

carlxinate . 

. : 15-56 

„ eiulphate 


Magnesium carbonate 

k 11-34 

All&Une salts 

. 6*70 

iiiilica, See. 

m 

3.M- 


kOO-OO 
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1'hc proHoiicc of inagneHiuin carbonate is i of the algin or sodium alginate and the extreme 
a TKjculiar characteristic of this charcoal, as all i fineness of the cellular algulose.. ^The process 
seaweeds are rich in magnesium salts. Seaweed | ado])ted is to boil the seaweed with sodium car- 
chari'oal, ns infght be expected from its com- j bonaic, and filter; the algulose is separated by 

posilion,' iH an (‘xctcllent dccoloriscr and <lc- i filtration, and the liltrate is mixed with hy- 

odoriHcr! Ah coitiparcd with animal charcoal it j drocliloric aclil, and the alginic acid is then easily 
is much lighlcr and more bulky, and therefore filtered off; the solution is neutralised with 

has not replaecfl it as a do<n)loriH(*r, although caustic soda, cvajiorated to dryness, and car* 

from Its Ingli p('reenlagc of carbon it would well boniHcd, the residue forming the ‘kelp suh- 
Htaml tlie eoiistant re-biiriiing r<-<|uir'<Ml m sugar stitute.’ Tin* alginic, acid, which has a slight 
works, and be imi*rove(l bv this licntment. amber colour, is washed, bleached, and re- 

This pineess oi eaibouisallou was in use in di.ssolvetl in sodium carbonate; the resulting 
the islands ol ’byree ami North and Soiitli I'lst ' lif|uor. evapoialed in a vacuum jian, forms the 
for a numlKT of' vears, witli gieat beiieiil to the eoimnereial alginate of soda or ' soliiblo algin.’ 
crnfteiK ami cottars of these islands. It re- P,y cvaponjtion on glass ]ilatcs or porcelain slabs, 
qiiired, however, the eivetioii of s<‘|iamle rair- the algin is olitaim'd in the form of a trails* 
isinising woiUs lu each island, ami, as 1h<‘ winter pai'cnl ll(‘Xihle sheet, wliieh, however, tends to 
tangle only wits used, it was difheuit to M-cure erai’k as it apjiioaelies dryne.ss. and by im- 
Hullieient supplies e\ee|it from a larire area, rnersing this in a very dilut(“ sotiition of hydro- 
MoreoviT, It was foumi in pim tiee xery trouble elilorie acid it is I'onverted into alginic acid or 
Home to eoin|»lete!v extract, the soluble iodides ‘ insoliilde algin.' which, without altering its 
from the iduii'-oal,' and ultimately the lU'oeess ajipcaranci', rmiders tlu'sheet piTfectly insoluble 
w'lisahamloiH'd in tavourof the old<Tand simpler in water. Tlie soliihh' algin is a definiti' salt <if 
method of kelp burning. A wet piveess of sodiiim, having the eomposition, when ])ure, 
CNtraeting lodme from siaiweeds lias also hei’ii : (’.,,11-rD^aNuNa-. 

Irierl It had been not iced by Stanford that 1h(‘ (Vimnu'i'cial algin or sodium alginatr- re¬ 

whole. of tlie alkaline sails jiresent m the sea* semliles gum arable, and in the slieet form 
weeci, ami a considerable (luantity of e.xtraetive can seareely be distinguished from gelatin, 
matter containing dextrin ami mnnnite, could fiorn wliuh it differs iiy thi’ solution not gela- 
he e.xtraeted from the fronds of 1h(“ buiinnirnt tinising, and by giving no reaction with tannm. 
or red Hcaweeds hy Himple maeoiation in cold It i.s distinguished from albumen by not coagli- 
water. 'Die rcHidiie, winch is the plant a}ipai- lating on heating; fioin starch by giving no 
piitly unaltered, I’oMsist.s of a nitrogenous Hull- colour witli iodim*: from dextrin and gum 
HtanVe resembling alluimeii. to which tin* nanu' i aralne by its insolubility in dilute acids. All 
of ‘ algin ' lias been given, and the algie cellulose , mineral iieids, and cilru', tartaric, Inctic, oxalic, 
or algulose, winch represents the eidlular talu'ie ; and iiierie anioiig.-^t the organic acids, precipitate 
of the iiliini. 'Tlie algin or iilguue acid is alginic acid m a gelatinous form, 
removed iiv digestion with a solution of so- It preeijiilates all th(‘ alkaline earths as 
diiim carbonate, which dissolxes it as sodium alginates, with the exeiqition of magnesium, the 
alginate, It'uving the algulose. Dissoluliou ean . idgiiuiti' ot which is soluble. It ]»r(‘cipitatt*8 
be effeeli‘(( in the <‘old. but it is necessary to , iie.irly all the lieavy metals as alginates, but gives 
employ licat, otlierwise it is iinpossililc to filler no precipitate with increiirie chloride, nor with 
off the algulose. A Taylor lilter is the oi 4 >y one potassium Hilicate. The foll<iwing analyses 
that ean he employeil, tlio filtration being ex- show the usual comjiosiliori of the commercial 
treinely dillieiiU on account <'f the great viscosity algin 

_ ^o. 1 ’ ^ 0 . 2 Average | 


Water 

Organic matter . 
Sodium carbonate 
Neutral salts 
luHoluhle ash " . 


i7i:i 
r)fl;U7 
i8-:i2 1 

per cent. 1 

15)-3t) 
58-13 
17-78 1 

1 ])er cent. . 

18-22 
59-0.5 
18-05 1 

I per cent. 

2-5)8,.} 

ash 

2-77 

> a.sh 

2-87 

> ash 

I'tit) 1 

22-OO 1 

2-02 

1 22.57 

I-8I 1 

1 22-73 


; IWOO 

; Soda, Na^O . !d'74 

This substarfee, known as .soluble algifi, is sihIiuiu 
alginate, but potassium, ammonium, litluuni, or 
magnesium alginate are all soluble algin.a, and 
soart'clv diatingiuahable in ap[)caranee. 'rhese 
all prt'sent the form tif thin flexible sheets, re- 
pomnling gelatin, and having the same eol^iur, 
byt none are gelatinous. The solution, of algin 
rracmbles that of gum arabio, which in many of 
its applications if may I>e ex[*ected to repla^;o; 
it is quite soluble in cold water, but the solution 
lakes about 12 hours tA complete. It is so 
extremely vifcoua that a 2 p.e. solution is as 
thick as a 60 p.c. solution of gum arabic, and a 
5 p.o. solution is poured with diffioulty out of a 


lOO-OO lOOiXt 

I0-4O lOTiH 


wide-mouthed bottle. Nearly all the mineral 
acids prt'cipitate alginic acid ((NftHsoOgjNj) from 
the solution as a very gelatinous precipitate; 
a 2 p.o. solution becomes semi-solid when thus 
tn'atcd. In this respt'ct, it sescmbles a strong 
ack'ution of egg albumen, and it can be employed 
for thickening colours in printing, or as a mor- 
dapt in the same manner. Alginic acid is in¬ 
soluble in water, so that in dressing fabrics the 
soluble algin forms a flexible varnish, which can 
bo ♦'lonverted into a lustrous hard glaze by 
passing iUthrough a weak mineral acid. This 
process, x^oh would destroy the ofdinary starch 
and gum dressings^ renders it also permanent 
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and insolubVe. in water, the fabric Ixjcoming 
water|)n)t)f. As the algijiates of calcium, nlu- ; 
minium, iron, &<•., are all insoluble, the same i 
effect is obtained by the use of solutions of these ! 
metals for the final wasli. Alginic acid when 
dry re.seinblos albumen, but it can be obtained 
also in thin transparent slieels, and readily 
coloured like gidutin, from which, howeviu', il 
differs in being insoluble in luit water. !l caii 
also be. obtained m blocks. Calciuiu iilgin.ite 
(('.„lf ’a,,) re.senibles it. tail is whit<M. 

like bone. 

Aluniimum alginate is \ei'v .soliiblo m am¬ 
monia, and the aliiniinimu uniiiioniAaiginale is 
msolnble wIkui dry, so tliat it iiialo's a duMp 
wabu'proof varnisli. It toi'ins a good moidant 
or dung Kub.stitute in dyeing. Copper aigniafi' 
is soluble in aininonia. forming a beautifii) bine 
copper ummonio-alginate, wiiieli is also insoluble 
wdien dry, and makes a varnish useful foi water¬ 
proofing fabrics wliieli ari' liable to detmnpoHi- 
tion or to alfaeks of insi.'cts. 

Feme niginale is also soluble in ammmua, i 
forming a bright, red b’rro-ainiiionio.ulginule; ' 
iiiHoluhle when dry, and pioposed as a styplm, 
and for .ulmim.Hlenng iron mteriiaily. 'I’iiese 
metnl.s are most completely preopitaled fioiu 
.solution by sodium alginate. 

Nickel, (Hjhalt, zinc, eadniiuiii. manganese, 
ehromium, uramum, silviu, platinum, tin, 
arHcme, and antimony all form soiulili* animonio. 
iilginaten, «ome of wlucli ai'c beautiful salts ; 
Sodium alginate, nii.^ed witli a diehromate. is | 
si'usitive to light m the same way as gelatin, j 
the mixtuiv la'comiiig uisoiuhle ill watc*r after ; 
exposure to light. ! 

Alguiic acid JH a moderately stiong acid, j 
liberating earboii dioxide in the cold from tlie j 
alkaline carbonates anrl from magnesium ear- j 
bonate; in tlio latter case, the two m.soliibie ! 
substances in the presenee of water form solulile 
magnesium alginate. The use of algin reiiiui'CH 
a thorough knowledge of Us propertie.s, on 
account of the iiimierouH metallic salts which 
precipitate it, ami witli wliioh it is llieri'forc 
incompatible ; tlieso leaetions limit to a gnait 
extent the a])|>lication of the substance in snjii- ^ 
tioii as a substitute for gum and other bodies | 
used for thickening purposes. 

AlguloBC or algic cellulose contains no fibre, 
but consists of finc*v'lilar tissue, which makes 
a tranajiarent and very f(iu:;li jiajier. It dries 
to a hard mass resembling ebony, Imt den.scr. 

The kelp substitute in this wet process was | 
obtained by evaporating and carbonising the i 
acid li(|uor from wdiich the aigmic acid has been 
precipitated, after neutralising it with caustic 
soda. It should contain all the iodine and 
potash salts of the weed but no sulphides, and 
should yield about 30 lbs. of iodine to the ton. 
At the same time, in spite of the advantages 
w'hich apparently would atteml the a<lo]Uif>n of 
this process, the raanufactiinng costs arti j 
high and the demand for the products, other : 
than iodine and potash salts, is so limited, t,hat ; 
the process has not met with success on the 
commercial scale. 

Lixiviati<m of kelp .—Little improvement Aas j 
taken place in this process; the sa^e simple ] 
method which has been in use for many years is J 
still adopted in the Scotch >^)rks. I 

The kelp reaches the factory in large masses ;. 


04 r) 

these ai-c firet broken up into pieces about the 
size of road metul. 'Die lixiviiition is effected in 
rectangular iron vats with false bottoms; tho 
vatK arc coupled together and hcateil by steam, 
and treated cxliaustivcly. Tlie whole arrange¬ 
ment IS similar m every respeset tii that adopted 
111 the h.Mvialion of black ash in tlie Leblanc 
pnnTs.s of sofht nianufaeturo. Tin’ sohition is 
run olT ,i1 al*out 40 ' at 4."»"'rw. Tins ih evapor¬ 
ated m open lienii'^pln'rica! ea.sl-iion boiling pans, 
al)out ‘.t f(‘<t III diameter, and th(' salts whicli 
deposit are lishi'd out. In some works tins 
boiling down is elTeclcd m cylimiricai wrought- 
iron clon'd pain. lica!c<l by a coil of sU’am pipes 
found tbe inside of tin' pan, and |irOYide(l with 
nn'i'liamcal stiirei's to keep tlie deposited salts 
lit susp('nsion. Wlim the litjuor i!< concentraU’d 
to bil Tw., the w hole i.s i nil out into a settler to 
allow the siilt.s to de[iu.Ml. and the siijicrniilant 
ln{Uoi i.s run oil hot mto the cryslalliserH. In 
both eases the salt tisheil oiil or deposited is a 
crude potassium sulphati', which adheres a g<iod 
deal to llie pan and eontaiiis .’lO to iKt ji.e. of 
pota.s.sium Hiilpliate, im.\ed witli sodium sul¬ 
phate ami ehloinle The liijuid is run into 
eylimii'ie.il ii’oii eoolei.s, and a crop of potassium 
e’hloiide crysbilhse.s out lu two or tliree days. 
The niothei luiuor is ugiiin boiled down, and the 
salt deposited is fished mil . this salt is kruiwn 
us ' lo’l)) salt,' ami consists oi sodium ehloride, 
eontaming sodium e.irhoiiate e(jUal to 8 to 
111 ]).(■ of alkali 'I'iie Imt hquor is again 

run mill till' eoolei, and anotlier crop of jiotas- 
Hiiim ehloride is olitained. ’I'liis jirocesH ifl re¬ 
peated se\eral times, kelp salt being fished out 
in the boiling pun, and potassium ehloride 
crystallised out m tlie cooler. These HUCoosHivo 
crops of ■ muriate,’ as it is technically called, 
range in slrengtli from HO to Do p.c. of potassium 
chloride. . • . 

Tho iiiothor Inpior i.s now rich in iodine, and 
IS Ireilled for its extraction. The several salts 
all contain mdinc, and rerpiirc curvful washing to 
obtain it. I’hcse salts are know’ll as ‘ Kclji salt,’ 
W’hich w as formerly uacil for reducing the strength 
of soda asli. but is now unsaleable, ‘ 8ul;'hatc,’ 
^wdiieli IS Hifiil at a low’ price for niarvurial pur- 
lioscs, and ‘ MuriuU',' which is largely used for 
the niamifacturc of saltpetre, potassium carbo¬ 
nate, clilofati', and diehromate, and tho prus- 
siates. Tlie residual kelp waste formerly realised 
about fw. per ton, and was enijiloyed in the 
common bottle glass niaiiufacture ; it consists 
principally of tlic carbonate.s of lime and mag* 
iiesia, and some jihosphates. It is all used us a 
manure in J''rance, but in this country the 
fanners have a^y ys rejected it. 

The foil.iwing is the analysis of»an average 


samjile : 

f'wilt.H of sodium and potassium . 1*50 

Ciirbon . . ^ . ■ ‘FD9 

I all.um sulphate . . . 3'06 

• ,, sulphide . I'TO 

carbonate . . 20'50 ^ 

•(’alcium and magnesium phosphate* 6'72 
Magnesium cartionate . . 6*89 

Magnesia . . • . *2*22 

Silicic acid and aaifll . . * . 20*82 

Water • • • 33*50 


Total* .... lOOOO 
♦Containing phosphoric acid . . 2*70 
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The mother liquor, containing the iodidcH obstinately retaiiiw iodine, an<^ lon^ steaming is 
and bromides, also contains considerable quan- ] required to extract it. The liquor is strained off 
titles of fiulphides, Bulpliites, and thiosulphates , from the sulphur and run into the iodine still, 
of sodium and jiotassium ; it is mixed with about This was formerly made of load, but it now 
oue-Hcv’cnlh oi its volume of sulphuric acid, free assumi's the form of a deep hemispherical iron 
from arsenic, about 14.^)‘’Tw. (sp.gr. 1'725), and j pot, heaUal hy an open fire, and covered with a 
allowed to settle for 24 hours. 'Hiis is efTected | strong li'aden lid, to W’hich are luted two earthen- 
in a <;los(.“<l lead-lined wooilen vessel, ])r<>vided ware arms ; these are coimcctcd with two series 
with means to eolleet any snlj)huielled hydrogen Of stonew.are udclls, about ten in each set. 
which may he given off. 'I'he sulphur compounds , Thc.se, udcILs have stone stopp(‘rs beneath to 
are decouijiosed, and a eonsidcraiile deposit of ■ allow any water containing chlorine, bromine, 
sulfihiir takes place. This is kiiou n as ' Sul|»huv ami iodine to drain off. The apparatus is shown 
waste’; when dry it eonUiins about 70 p c of iii Kig. J. Mang.inc'si' dioxide is added at 
sulphur, and is used in vitiiol making. It als.i mtciaulH f) the contents of the fetill, and the 


1 K. 1. 

iodine is earne<l ov<‘r with the steam I'he 
reaction is as follows : 

2 Nal+:iHjjSt» 4 -|-i\lnt)a ; 

— ia f2NuH,StJ, ! .MHSO 4 1 2H^O j l\>tassmni suljdiate 
Kepcated distillations go (»n, without changing ! '^<^>d:um siilphate 
the udells, until these are full of iodine, the hulk i ‘^<'dium chloride 
of which, and the best, is fouiul ill till, uilc'lis ! Buliihatc 

forming the centre of the series. 'I’lio deposition I' ernc sulphate . 
of the lodiric in Bucei*ssivc layem sejueezes much ' ^ ak'iuni sulphate 
of the moisture out, and it is ohtaincKl in*.'i linn, , ^hlgIlesium Buljjhale 
well crystallised form. The iodine on removal ; bulplnirio acid, free 
from the udella still contains moisture, and : 
requires further treatment before the state ol j 

purity n<»w demanded hy eonsiimcrs is attained. — - 

This old-fashioned jiroci'SH fs the only one The iodine used for medicine is resublimed 
adopted in this country; many others have' in small earthen or porcelain covered pans, and 
been jiroposed and tried, but have not U-en i.s then known as ‘ resublimcd iodine ’; it is 
commercially successful, (.’ommercunl iodine is ' t)btnine(l m large brilliant jilates, and is an- 
always aiuitoutin 1 cwt. kegs ; the consumption hydrous. The jiana eir^ ; ed must bo sliallow, 
is usually reckoned in kegs, which meam 1 cwt. ’ a.s the vajiour is vitv dense. 

It improves by keeping, becoming ix-ricctly dry, ' ^Vhen iodine is badly made it may contain 
and aa it can be stored in u small compass, and white needles, which consist of cyanogen iodide ; 
often represents considerahle value, it has hi-cn ‘ It is now a rare impurity, but a very poisonous 
a favourite commodity for small sjKiculative one. 

buyers, llromino does not jiay for the collcc- In France a different method is adopted, 
tion, but it. it were required tlu!rarris would be Alter the precipitation ot the sulphur in the 
changed and a aimplo worni-c^mdenaing arrange- ' mother liquor by addition of hydrochloric 
mont of lead or earthenware, or a series of etone- : acid in Blight excess, and boiling for some 
ware Woulff bottles attached: a further time, the clear liquor is drawn off and diluted 
quantity of mangtneso dioxide would be added ; with water to 40'’Tw. (’hlonne is then paseed 
* to tlvD still, and the bromine distilled over. The j iJilo the solution, until saturated, and the 
liquor remaining in the still, and known as iodine is preeijutatod in a pulverulent form, 
‘waste still liquor,’ is n dense acid'liquid of • yometimes, instead of passing in chlorine, the 
sp.gr. 1*235 toJ'dCX), containing sulphates of ; calculated quantity of potassium chlorate is 
iron, manganese, jiotassium, and sodium; 'it is added to the solution; by interaction with the 
very troublesome to dea' with and is run away hydrochloric acid this salt yields the chlorine 
as usolefis. , ^ ; necessary for the liberation of the iodine. Great 

The foUi^wu:^ is the analysis of an ordinary : care be taken that too much chlorine is not 
average sample. One gallon contained 3 327 lbs. | added, as iodine chloride may be formed, and 
*of dry salts :— I go off aa v«poui. Vhe clear liquor is then drawn 


IJiiUor l)iy .salts 
per cent ' per cent 


r)-i3 ■ 

15-42 

ii-iff 

27*30 

(i-HO : 

! 20*4:{ 

3*75 

; U ‘27 

3-00 

0*02 

Oil) 

0*57 

0-04 

! 0*12 

5-20 

15-81 


100-00 
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off, and the iodine lepeatcdly washed by decan* 
tation to remove the saite. It is drained in 
earthen vessels frith perforated bottoms, and 
finally dried on porous tiles. It is then resub- 
limed. This is effected in ordinaiy earthenware 
retorts with short necks, and heated in a sand- 
bath in which they are completely immersed, 
the iodine being sublimed into cartlien receivers. 
To recover the bromine from tbo liquor after 
extraction of the iodine, it is evaporated to dry- 
nc.ss, and the residue is ilistilled m a leaden 
retort with sulphuric acid and manganese di¬ 
oxide ; it is collected in a receiver under stnuig 
sulphuric acid. The production of iodine in 
France has fallen off considerablyg it is all 
used locally, either resublimed or made into 
potassium or other iodide, for which jmr- 
pose the precipitated daniji iodine suffices, 

Tn Norway there are now nine or ten works 
engaged m the extraction of iodine from kelp. 
In Jajian the chief kelji-producing distrii^ts are 
the province of Shirna and the island of Hokkaido, 
but nearly all fishery districts yield a little, 'j’he 
industry is more or less scattered along th<“ | 
coast of Japan and is in the hands of many small 
producers, from whom the linns of iodine makers 
procure their 6up])lies. 

1'ho Scottish seaweeds are considerably 
richer in iodine than the giant algjc of the 
Pacific and the Japanese seaweeds. In the 
United States the weed is collected at sea by a i 
boat fitted willi a power-driven cutting device I 
which can bt' lowered to about H feet below the ^ 
keel. From the boat the weed di*!iv<'r(‘d to | 
an elevator, and carried to a closeil drier, in ; 
which it is kept in constant motion at not above I 
'I’he dried weed is calcined at not above i 
400^^ in a brick kiln having a fire-clay lining, ] 
and a cast-iron grate through which air enters. 
The volatile products pass to condensers 
through a tar chamber, kept at a uniform 
temperature at the top, and superheated at tlie 
botUmi. The asb is treated for the recovery of 
potassium salts, iodine, &.c. (Board of Agri¬ 
culture for Scotland Report, 1914, 118; cf. 
Turrentine, Met. & Eng. Chem. 1917, Iff, 19ff; 
Higgins, idfm, 1918, 19, 432). 

Iodine from caliche. This mineral, the crude 
sodium nitrate of Peru and Chile, now forms by* 
far the most important source of iodine. It con¬ 
tains iodine in the form of sodium iodate, which 
accumulate in thf^*. .ither liquors from which 
the sodium nitrate has been crystallised. The 
proportion of iodine in the caliche vari<*8 con¬ 
siderably in the different deposits ; in some it is 
absent altogether, in others it runs as high as 
0*17 p.c. or 3*8 lbs. per ton ; usually it docs not 
exceed 0*02 p.c. 

There are about 150 nitrate factories in Chile, 
but many of these are old and well worked out, 
and some are so badly situated as regards position 
and the raw material is of such a low grade, that 
they cannot work at a profit, and consequently 
are closed. At present about 100 factorieafare 
in operation, and their production of nitrate 
amounts to from 2,400,000 to 2,500,000 tons 
annually. Most of the factories are provided 
with plant for the extraction of iodine from the 
mother liquor, but, as their power of production 
of iodine U lax^jely in excess of the world’s power 
of consumption, the manufacturer^have com¬ 
bined to restrict the output The basis of the 


j power of production of these factories is put 
j down at 115,000 Sp^ish quintals (about 6100 
j tons) TCr annum, w^lst the total quantity oon- 
suniod is only a fraction of tliis amount. A 
certain pert^entage of the ioiUne sold in Chile 
year by year is nllottod ti> each factory, and 
consequently tlieri' are rarely nion? than a few 
months in «aeh year during which iodine is 
made, and tliere i.s always a ver\' large stock in 
liami. 'I’lie exiiorts are natunilly kept tva nearly 
as possible equal to the reijuiivnients, Imt if any 
large increase in consumption took place there is 
no doubt that Clule e<»uld supply four or five 
times the quantity at jirt'si-nt exporti'd annually, 
'rhe coat ol recovering iodine os a by-product of 
the sodium nitrate industry is, in iiiiiny cases, 
not more than from 1 |f/. to 2d. per oz. * 

It iirst oainc over in quantity in 1874, about 
407 kegs. In tlie following year, 900 kegs were 
exported, ainl since ihiMi the exjiort has eon- 
[ timially ineicasi'd. It was at first a very crude 
‘ article, containing little over .'■>() ji.c. of ioflin{*, 
and a good dc.al was e.xportiMl in the form of 
copjier iodide. H is now, liowever, sent over in 
a pure .slate. 

’I’lio folloumg is the analy.sis of one of the 
sainjiles of iodine sent from I’eru in 1874 : 


loilinc . . . . 

. 52-53 

yodium loflatc 

. 1 *26 

„ nitrate 

. 11*02 

l\)tas.siuni iiitruto . 

. 2*49 

,, sulphate 

1*78 

I(Hlitie (dilonde 

. 3*34 

Magnesium chloride 

. 0*36 

Insoluble mutter 

. 1*52 

Water . . . . 

. 25*20 


100*10 


In 1877 the total jiruduotion of iodine in 
Sootiunri was estimated at 1200 kegs : in France 
at 800 kegs. 'TJic jircsciit output does not roach 
these^gures. 

Japan began to exiiort iodine in 1{K)2, when 
35 cwt. were sold. In 1904 the quantity ex¬ 
ported was 012 cwt., in 1900 (consequent upon 
a fall in the price of iodine) only ItHJ cwt., and 
in 1907, 30,5 cwt. 

In 1882, the export of iodine froni Chile was 
4110 cwt., in 1901 it had risen to 5280 cwt., and 
in I9J 2 ibamounted to 79(X> cwt., of a value of 
about 350,0001. This is about four times the 
presortt total finaluction of the rest of the world. 

The quantity of iodine sold throughout the 
world in 1887 was 6375 cwt., of which about 
1000 cwt. were used in colour making. The 
present * average annual consumption may be 
taken at nearly 10,000 cwt. 

The fin^il riloihcr liquor, or ‘ aqu^ vieja,’ from 
which the sodium nitrate has been crystallised, 
contains sodium iodate, nitrate, chloride, and 
sulphate, and magnesium sulphate. A good 
liqu •• contains about 0*3 p.f. of iodine. 

It IB run into wooden vats and tne io<Une h 
precipitated; the agent employed is sodium 
bisulphite in solution. The exact amount* of 
iodine in the mq|ther liquor estimated, and a 
definite quantity of the solution is ^ded to 
completely precipitgte the iodine. As tbe 
bisulphite solution is run into the ‘ aqua vieia,' 
the liquid is stirred either by itooden paddto* 
wheels or by ^ir forced up from perforate pipo* 
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at the bottom of tlK* tanks. The latter method solution is then neutralised by addition of ‘ sal 
is quicker and more efliciout, but the air carries naCron ’ liquor and again well stirr^. After 
uway some of the iodine from the solution. The some time, most of the iodihe settles to the 












bottom ot the tank ; anj|[ little that remains The iodine is washed with water, and pressed 
floating is removed by a calico bag at the end into (nick cakes. It then contains 80 to 85 p.o. 
of a stKk. The supernatant liquid is drawn ofi of iodine 0 to 10 p.o. of mineral matter, and 
and used over again with the mtrqte liquors. requires to be purified by resubUmation. Thia 
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is effected in a cast-iron retort, to .wliieh oiaht 


G40 


_ 1 n' - Hulpilur. which one of the many minorals 

“r “iT' ” “T fo"'"!'« tliw nitorostiiig region, ia bumetl on an 

‘‘I’* ’•>; “”'1 '™n plalo in a plain iron oven, ami the fumes 

when the operation is completed the retort is drawn by a steam injector into [Kirforated pipes 
allowed to cool and the loihno removed from the ; ni the solution of sal natron. The manufacture 
udelte. It 18 thus obtained pure. The complete of this snhslanee is also ,x-eiiliar to the district, 
plant 18 shown m the descriptive plans Figs. 2 ■ It is obtained by Inirniiig together 85 imrts of 
rrt’ j- u- 1 !.•* . a . ermlo sodium nitrate, ohtainod fnun Iho ‘aqua 

Iho sodium biBulpbite ih prepared hv passing i vieju ' lank.s, and ITi part.s of cfial. The mixture 
Jhe fumes of burning native sulphur into a solu- is imulc in tln‘ form of a cone o feet lui-h, with a 

tion of ‘ rtnlrrst, .i- C.iel...,,.1.. -l-l. . . r .a r . . 


‘ sal natron' or sodium earbomite. The ' spaei' of '2 feet <iuir out rounil the 


basi 


It is 
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saturated with water and igniU'd ; the sodium 
carbonat-e thus formed fuses and runs out into 
the pit. It is dissolved in water, and the 
solution is pure enough for use in this jiroeess, 
the impurities consisting of ,sodMim suljihatc 
and chloride, the unburnt coal being left in 
the residue undissoived. 

UscH of iodine .—About one-fifth of the total 
consumption of iodine is employed in the manu¬ 
facture of aniline colours; a good deal of this is 
r<‘covered and used again. It is princifially uset^ 
in the manufacture of Hofmann violet, and 
aniline green in the form of methyl iodide; 
also for making erythrosin and the blue shade 
eosins, in which iodint? is made to react upon 
fluorescein. .Some substitution products are 
occasionally made, such os the ethylated chry%- 
aniline. A small quantity is used ii%photo- . 
graphy, but the bulk of the iodine of commerce I 
is employed in medicine, iodine, iodoform, ' 


. '/» r,.U Site. 
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• 

and the iodides of arsenic, iron, lead, mercury 
(red iodide), potassiiiin, sodium, and sulphur 
are all ofiicial in the British I’hurmacopiBia; 
the prepaVatjems employed w’lll be referred 
to umler their n‘«i»eetive names. Hydriodic 
acid, <‘thyl l'•dllff‘, and iodides of ammonium, 
cadmium, mercury (gr''cn iodide), and starch 
are also used m medicine, and each will there¬ 
fore he noticed. JiKline, if pure, should sublime 
withou' residue, and the portisn subliming first 
should not include any slender colourless prisms 
emittffig a pungent odour (cyanogen iodide). A 
solution intchlorofonn should bo perfectly clear,* 
denoting absence pf moisture* The British 
Vharftacopceia directs that 0%5 gram dissolvodl 
in 50 millilitres of wates. containing 1 gram of 
pitassiiim iodide, should require for complete 
decoloration at least 39 millilitres of the iv/lO* 
solution of sodium thiosulphate. 

It is employed in the B. P. in the form of 
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Tinctura iodi forlis and TiM tura iodi niiiis, and ; 
Ungucnium iodi. In the tincture it is dissolved ‘ 
with ])ota8Biuiii iodide in rectified spirit and j 
water. In the ointment the saine ingredients ; 
are employed, Hubstituting lard and glycerin for ^ 
the Hj>irit. j 

A volunu-trie solution of iodine dissolved in 
j)otassiuin iodide is used in the' laboratory for 
titrating solutions of urseiuous aeid, suljihur- 
ous acul, and sodium tliiosuljihnte. It contains ! 
12'7 grams of iodirii! in 10(10 c.c., and corresponds ^ 
to 1 7 gram of sul]ihui(‘Ued hydrogen, granv; 
ol sulphur dioxide, and '1*05 grams ol 
ui’senious oxide, iodine is also used foi 
ti'sting oils, which differ as to the amount ab¬ 
sorbed, and some can he distinguielied from 
otlicrs by this,means (r. Oii.s, Kixnit. ano Fats). 

Other unollicial ]ireparations of iodine are 
also employed in rnediciiu'. (Jlifniniuni- nyli is 
iodine dissolved in glyeerol, nscal for external 
application. nuh, Co.ster’s jiaste, is 

ii»clme dissolved m light oil t»f wood tar, and 
Used for riiigworni. Tlnritini nx/i <l(a>l<)uilit i.s 
a tincture made with reet-ilieil spirit, ainl in 
wli'ch lh(' iodine is decolorised by ammonia. 
It IS used for chilhlams. iUtllodium -lodi is 
llexihU' eollodion eonlumiug liO grains of iodine 
to the ounce, and is very useful for painting on 
wounds, (’arboli.sed iodine solution is a colour¬ 
less mi.xturci of tmeture of iodine, jihenoi, and 
glyeerol in hot water; it i.s used as a gargle or 
pigment in dijihtheria, and internally for Asiatic 
cholera. 

Midit'inal pwpoluft of iodinf. —Iodine was 
first employed in medicine in the form of burnt 
sponge, a remedy long i^seil m treating goitre. 
VVhen administered internally it is usually m 
combination with an alkali ; taken aloiu' it is an 
irritant jioison. it is a most jiowerful alt-erative, 
impoverishing the lilood ami stimulating the 
absorbeiitj. It is antisyplnlitie and antisero- ; 
fulie. In syjihilis, scrofula, ami chronic rhmi- 1 
matism it is largely useil, and es})e^ially m [ 
swellings of the joints and enlarged glands, j 
which are also treated hy painting externally ■ 
with tincture of iodine, in which it acts as a J 
counter-initant. it has a ivmaikablc jiower in 
exiielling both mercury and lead from the systenj, 
The vapour mixed with steam from liot water is 
useful in inhalation for many aflections of tlie 
air jKissagcs. Long-contmm*cl use may give rise ■ 
to the <ieprt‘Bsing nenous tram of symptoms; 
know'u as iodism, and for whicii belladonna is ' 
employed as an antidote', (’oiuous drinks of , 
solution of starch form the antidote in cat.es of ' 
poisoning. Vsed alone, iodine is a powerful dis¬ 
infectant and decoloriscr, aiiting in the same 
way as chlorine. It may be allyw ed to evaporate 
siKintanc^Aisly, but is very apt to colour the 
sheets, blinds, or anything dressed with starch ; 
it is also used in candles, the burning of which 
volatilises it. 

Hydrogen iodide HI is a colourless gas, 
very soluble in water and resembling Jiyilro- 
,gcu chloride; it forms dense white fumes 
in the air; its sp.gr. is 4117117. Mixed with dry 
oxygen and eiposed to Uight sunshiny it is 
rapidly decouinoscd with liberation of iodine. 
It liquefies under pressure, b.p. —35*5°; m.p. 
—fiOD®; ^latent heat ol vaporisation, 
21 *6 X10 ergs. 11 is composed of equal volumes 
of iodine and hydrogen, and Contams 99*2 p.c. 


of its weight of iodine. The aqueous solution 
is colourless, but on cxposuroito dir it becomes 
coloured by the deposition of iodine from oxida¬ 
tion. It is decomjiosecl by sulphuric and nitric 
acids, and by chlorine and bromine, which set 
the iodine free, liy passing the gas into ice-cold 
water a solution may be obtained of sp.gr. 1*99. 

The foUdW'ing table shows the relative per¬ 
centage of hydriodic acid at difTcrent specific 
gravities .— 


Sp gr. at 15° 

Per cent, of acid 

J -708 

51-9 

1-5.51 

47-2 

h-442 

39-2 

1 -207 

30*3 

1 -J 7.5 

18T) 

J -OH.'! 

5*9 


it IK UKu.illy }iu‘]»ared in solution by passing 
' .sulplnirotti'd hydrogen inU) water in the juesence 
! i>f iodine : 1~-HH At first the action 

I Ik slow on uecount of the dejiosition of sulphur 
; covering u)) thi' iodim* and preventing its solu- 
i tion ; the hydimdic acid when formed, how'cver, 
j (li'.solveH an increasing proportion of lodiiK*, and 
j by the gradual addition of loiline and water as 
I the action jirogresscK, large quantities of hy¬ 
driodic acid may thus be obtained up to a sp.gr. 
of J •“)(). 

A modification of tliis process for very jmre 
acid lias been projiosed by Winkler. The uxUne 
i.s dissolved in carbon disulphide, and the solution 
citvercil with a stiatiiin of water ; when the sul- 
jihurotted hydrogen jmssos into the mixture, the 
hydnodu; acid dissolves in the water, and the 
sul|)hur m the carbon disulphide. 'I’he aijneous 
solution only reijuire.s hoiling tor a few minutes 
to expel the fiuljiliuretted hydrogen, and to 
obtain the liydriochc acid quite pure. 

Another method wa-s suggested by Kolbe. 
One pait of amoiphous jibosphorus is added to 
1.') jiarts of water in a tubulated retort, filled with 
caiboii dioxide, and 20 parts of iodine gradually 
added, d'ho resulting liquid is allowed to stand 
and then heated for a short time, cooled, mixed 
with 4 ])aits of water and distilled. It yields a 
colouiless acid fn'O from uncombined iodine: 

4Hj.U=^rjHH-H8VO<. It may also be 
obtained by heating potassium iodide with a 
syrupy solution of phosphoric acid. Hydriodic 
acid is employed in the manufacture of some of 
the iodides, and is use^nfi'^raediciue in the form 
of syrup. 

Iodic acid HlOj. 'J'his acid is usually pro- 
jiared by boiling iodine in strong nitric acid, 
tree from nitrous acid. It is, however, best 
obtained by the oxidation of iodine by chloric 
aeid in about 25 p.c. strength ; 

lj+2Ha03=2in0a+Clj 
, Iodic acid is deposited in crystals of sp.gr. 4*487, 
W'ben heated it gives off water, and iodine 
lK*ntoxide IgOj is obtained in small white 
•crystals. It is very soluble in water, and 
, easily decomposed by reducing agents forming 
l\ydriodic acid and free iodine. For reduction 
i of iodic acid solutions with sulphurous acid, 
■ iee Undolt. Ber. 1886, 19, IS40; 1887, 20, 

; 7^5; I’atterson and Forsyth, Chem. Soo. Trans 
I 1912, lai, 40. 

i Iwnormal iodates have the general formula 
^ MIOj. Acid iod^t^ are also known. 
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Potassium* ioj^tc KIO, forms small white does not give the starch tBSotion of iodine nor 
“fT be obtained by carefully i docs it precipitate silver nitrate. 

anf 1 moM^hi™ 2KCIo“+l''-5Kl';f ^ t ® crystalline sub. 

1 ?, 11 ,“ ' l l 1 ■fh-t-lOj+Jj—.KlOj-Kla, or stance, obtained by gently heating in a glass flask 
by the electrolysis of potassium iodide in i 1 part (,f sulphur with t parrofLlm un^^^^ 
li’^ui"''® ‘-'’"''"“'‘‘'P- lodatc j mixture iKpiefies ; the flask is then broken, and 

pri.sms the crystallino mass removed. It ai>pcara to be 
Both silts arc poisonous. Both are obtained [a solid solution of sulphur and Mine. It is 
m tonaidcrable quantity in the niaiiufactiiic of ; insoluble in water, but soluble in elvce 


tho respective iodides* by No. 
described below. The iodbites cim easily be 
separated by taking out the first .salts dei)osi(ed 
on evaporation, as these are loss soluble than 
the iodides. If iodic acid were rmuired on 
the largo scale, it could l»o easily made as a 
by-product of the iodjdo manufacture by 
crystallising out tho iodate before fusion, anil 
precipitating it with barium chloride as baimm 
iodate. This is then decomposed liy sul}»hunc 
acid. 


Iodine iodate IflOj) may bo ])rej),ir(‘d bv 
the action of ozone on ioiline, fir liv ^varltImt; 
lotlic acid with concentrjitcil jfho.sphoj>c acid 
(I) r7(»). Oxygen !unl then iodine aic-evolved 
and a ycllowish-wlnlc ]»rcc!])il.il(‘ formed. 

Periodic acid is knoun t>nlv in the form of a 
hydrate 11104,211,.(),(JJ^ 1 (),‘ If i.s a colom 
crvafaliino delKiinxcnt sojid, m.p. bi;}'. On 
heating it is eompletely decomposed into iodme 
jx'Utoxide, water, find oxygen. Jt may be 
obtained by electloly.sing an jMjiieoiis solution 
(*f iodic acid contained in a porous cell imnicised 
in cblute sulphuric acid, the h‘ad anode coated j 
with lead 2‘<^‘roxiclo being jilaced in tho lodic j 
aciil solution and a jilalinum cathode in the ! 
siilphui*ic acid. The various periodate.s may be i 
grouped as derixcd from vicldpenffilic aru/, \ 
11104; dipf.iiodtc anil, i-l4l20<,; mcAvpnioilic \ 
nc/f/, JfglOg; and jmrapiriodic arid, H^lOg. 
Iodine trichloride K'l. js obtained in orange. 


. -. soluble in glycerol. It 

jirooi'as ns ; has the odour and staining properties of iodine. 

II jy occasionall}'^ use<l in iiuMbcine externally 
in skin diseases ap[)bed in an ointment. 

Arsenic tri-iodide Asl,,. 'Diis substance 
forma small orungo-cfiloured cryatals, soluble in 
water and in alcoluil; it has a neutral reaction, 
and gives n yellow' precipitate with sulphuretted 
hydrogen, flt^ated in a test-tube it almost 
entirely volatih.ses, vioh't vu^iours of iodine 
being set fn'c. — 

It IS jirepared by direct conUiination of me¬ 
tallic araenifi and ifidinc, or by ovajKirating 
togefher to dryness solufions of arsenious and 
h^’ftnodic acul.H. 'I’hc J’harmai^opo-ia prepara¬ 
tion ia Liquor ursnm t! hiidrarippi iorfjV/f, 
I glam of eaoh ingredient la IIKJ miHilitres, and 
the d(*30 IS 11-12 fh'cmiiLs. 

Nitrogen iodide N^H^lg or NHgNla is a 
dark brown powder, obtained by ad«ling iodine 
to c.\oes.s of solution of animonia, or by tho 
action of amnmnia on iodine cbloride eontaining 
free hydrocidonc a«id. Jt is a most violent 
explosive, but its action is uncontrollable, and 
it IS impo.ssible to keep it in safety. It has 
therefore lound no commercial application, but 
has been proposed as a chemical photometer 
on account of tho ease W’itli which it is de- 
I comjjo.sed by light in presence of excess of 
! ammonia (e. (Jiiyard, Ann. Ohim. [vi.] I, 

! :m). 


y.-lk.w cry«tals l.y iiassinj! i-hlonnc intd a fl.wk i , lodo-azoimide N,,I in formed by ahe action 
contamin;? iodine vuiKuir Kubinned from a small i -'‘"‘''''' “I solution of iodine on silvor 


,’apour 1 

R'tort. It is a very active disinfectant and ger¬ 
micide in solution of 1 to KXM). Jt lias bcf 
used in medicine intm-nally. In contact with 


azifininfl} at 0". Jt is a whibt solid and very 
o.\plosiv<!, forming nitrogen and iodine. 

.. ... .. . Ammonium iodide NII4I. This is a white 

organic matter, chlorine unci iodine arc liberated .' cr\'^t.dJine salt, very deliquescent and Woraing 
in a nascent state. 


Iodine perchlorate I(('104).52H20, greenish- 


yellow on exposure to air. Jt is prepared by 
•aturatmg hydriodic acid with ammonia, by 


yell<,»”nk3dl78“"formod'bV7^^^^^ Mi'iiri'n ; *,uk‘.ng powdered iodine with hydrogen ijcroiide 
anhydrous perchloric add, cooled by iee and | 


R«dt, and oxidising ozone. The water is 
due to tho reaction with ozon'^: 

l2+ttHC104+03-=2I(Cl04)g-f:JJl/> 

Cyanogen iodide CNI. This very ])oisonous 
substOince is interesting as forming an occasi<»nal 
impurity in commercial iodine; it h very seldom 
met with now, and ought never tfi be jircsent 
if the manufacture is properly carritMl out. Its 
occurrence is probably due to an msulKcient 
addition of oil of vitriol to the saturating vat 

or to the iodine still. It is usually prepared _. — 

in the laboratory by the distillation of iodii^ teUi.^mg in large niby-red prisma, green by 
with mercuric cyanide, or by diasfilving iodme reflected light. Himilar compounds ara furtnod 
in concentrated solution of potassium cyanide, i^Klides of potassium, osesium, an4 

It presents the appearance of exceedingly flhe rubidium, but not with sodium, 
silky needles, colourless, and very volatile, even Potassium fodiSe KI. This is the most 
at ordinary temperotures, and with a wnctratifig important of the iodj^es, and forms a 00a- 
pungent odour whicl^ excite tears. It suhtiiflcs ' sidcrable article of manufacture, as the greater 
without change. It is sparingly sMuble in ! portion of the iodine of commerce goes into 
water, easily so in alcobol, and in etiier, and also ' consumption ii^ this form. It is a ooloorlcis 
in fixed anu roUtUe oils. The aqueous solution and odourless salt ervstaUisinff in larse oubea. 


i tion, or by dccorn]) 08 ing iodide of iron with 
I ammoniiiin carbonate and Jiltoring off the iron 
: jirccipitate. 'J'ho solution in each case is 
i evaporated and set aside to crystallise. It is 
' used in ]>hotograp}iy, and also in medicine 
instcafl potassium iothde, eB[>ecially in 
rheumatiBin. as cauKing less depressipn than the 
potassium salt. ^Ji must be kept from the access 
of light and air, a.s iodine is freely* given off. 
It is soluble in alcohol. 

Bromine acts ujKm it with formation of 
amtnu^'inm bromoiorJobromide ^H 4 *BrIBr, crys- 
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an«l )>crmanont iti liio air. Tt contains no water j 
of crystalliwition, and js \crv soluble in water, I 
difwolviim in two-thinls i)f its weiglit. It is 
also soluble, in alcohol. 'I'liere are three nujthods 
(•m])loyed in the manufacture. 

Ist. Hy<lrio<lio acid is saturated with potas¬ 
sium earbonaU', and the solution evaporated ; 
and (■rysta!lise<l. This is the most direct metluxl, i 
ami thcri' is no loss; gives a pure j)roduct, 
i)Ut it is e.\pensive and tedious. 

2 nd. Iodine is dissolved in solution of caustic 
potasli. 'I’hiH jmxluees a !iii.\ture of potassnini 
Kululr and potassium lodaio; the reaetion is 

j (iKOll -TiKl t KlO, I 'riie solution 

IS e\aj>oiati‘<l to diyncss, a little ebare<ial is 
added, and tli(‘ iiroiluct fused in an iron pot at a 
reil lieat iinrtl all the lodate is decomposed, and 
])ota.ssiimi itxlide alone remains. 'I'he mass 
is <lisHol\ed n^water, tlie solution (iltiu'etl and 
crystallised. 

ilrd. Iodide ot iron is first prrpaied by the 
addition of iron borings and iodine to water; 
the latter must be added gradually to keep down 
the temperature ; the solution is lilt<'n‘il, mixed 
with potassium carbonate and the iron prieipi- 
talc washed and filter-presstal 'I'be solution is 
then evaporated t.o ilrym'ss and tlu' ri'sidiie u- 
dissolved and crystalhscal. 

'I’liis [irneess is Dial most commonly adojiled 
by uiamifaeturei-s. 'I'lie ery.stalli.sation is piu- 
lormed in ennmelli'd iron pans, surrnuiuleil by 
a steam jacket in brickwork, and vctv giadiially 
eool(‘d. 'I’lie best crystals are obtained on fluted 
glass rods suspended m the lupnd. 

l*ola.ssium iodide is used in photography, 
but medicine is the jirim ijial outlet, ami requires 
a large eotisumption. It i.s a powerlul alterative, 
diuretic, and absorbent ; ami is mm li adminis¬ 
tered internally, esjXHially m rlieum.itism and i 
syphilis. Its jirojMrlics are similar to tliose of j 
iodine. Xs iodine is freely soluble in jiotassmm 
iodide solution, it presents an excellent (>rm for ! 
its internal administration. 

H must contain no lodate; this is ea.sily 
iletected by the aiidition of tnrtane aeul and 
starch solution, which sets free hydriodie aei<l, 
and if there be any trace of lodate jire.si'iit, free 
iodine, is liberated, as shown by the blue eoloirt 
of tli (5 iodide of starch. Eotassiuin mdule should 
not contain water, and therefore shi.uld not los»‘ 
weight when heated: it should contain m* sul- 
hatc. and therefore give no jinaipinde with 
ahum chloride insoluble in nitric acid. A 
feeble alkaline redaction from the presence of a 
‘slight trace of carbonate, indicated liy cloudiness 
with lime or baryta water, soluble in fatne acid, 
is allowed by the London Idminiacopoua (but 
not by the (tcrman) as tending retain the 
colour of tne iodide when long kept. Chlorides 
of potassium or sodium are a common impurity; 
the presence of a chloride is shown by jiri'cipita- 
ting with silver nitrate, and agitating the jire- 
cipi^te with ammonia. The ammonia solution 
should give no precipitate with nitric acid.*' O'o 
gram should r«juin‘ for complete pr« jipitation 
not less than 2 U '8 or more khan 30*0 millilitres 
of xV/lQ*aolution of silver nitrate. It is alkost 
impcsdole to obtain th^s salt, w'hen made on 
the larro scale, quite free from chloride (the 
B.P. almwsci ‘very little’) os potassium car¬ 
bonate cannot be prepared in quantity without 
it; a good iodide contains: 


Potassium iodide . ^ “ . 99*4 

,, chloride ' . . U ’2 

W'ater. 0-4 

ioo^ 

This salt is officinal in the following pre¬ 
parations. lAiiiiiimtum poUisNii iod'uii cam 
.''apo/ic, JjKjnor loiUy Tinciura lotlii, Uagmntam 
i(xli. Pot^assium lodido is sometimes adminis¬ 
tered in largo doses, and it is imjiortant medi¬ 
cinally that it should contain no lodatc, as this 
salt IS ])oiKonous ; it mu.st not be jirescribeii 
III mixturc.s containing )jolassium chloraU*, for 
Ibis .salt jb'composcs it, forming iodate. 

Sodium iodide Nal. Tins salt is obtained as 
, a. dcliipicsccnt white cry.stalline powder, soluble 
in two-tliirds of its weight of water. It may lie 
prcjwrcd by the same mctliods as the correspond- 
, mg potassium salt; that from ferrous iodide is 
! usually cmjdoyed, and the solution is simply 
j cva|)oralcd to dryness It crystallist's in an- 
, hydrous culics and also in hexagonal plate.s, 

I h.iving the formula N!il,2llo(>. It is used in 
! mcdicuii' for the same jmrposcs as |)ola.ssiuni 
' iodi<l(“, but tlic principal ajijihcaiion is us 
a precipitant of sihor and gold from the weak 
; copper ores of the 'Pharsis and other copper- 
■ <-\lracting conijianies. The same tests as with 
t!n‘ potassium salt may Ik; used for its purity; 
1 giani rcquncs (it) c.c. of the volumetric solution 
of milvcr nitrate for eomiilctc jirccipitation. 

All the alkali iodides when dry absorb 
bionimc and chlorine forming additive com- 
poiimls of the type iMlX.^ ainl MIX 4 , where X 
IS tin; added halogen, .ice Wells and Wheck'r 
(\mci. d. Sci 1S<J2, liii.l 44, 42; Filliol, J. 
i'barm. ('Inin. ISdi). 2 .'’), bk'), oOti; Hae, ('hem. 
Soe. Trans. l!>ir), 107, 1280; 191S, 113,880). 

Ferrous iodide kVl.. is a cry.stalline green 
deliquescent mass, it is emiiloycd in medicine 
in the form of syrup of iodide of iron, in whieh 
it can bo better jircscrvi'd. It is a tonic 
alterative useful ill anicrma of seroiulous patients, 
especially children. 

A similar syrup of manganese iodide is also 
soiiK'timos used in medicine. 

Zinc iodide ZuL- An easily fusible com¬ 
pound which sublimes in needles. It is prepared 
; m the same way as the iron salt, and obtained by 
; evaporation as a white crystalline deliquescent 
I salt. It is sometimes ^edirin jihotography. 

Lead iodide, or iTtimhic lorfirfc, Pblj, is a 
brilUant yellow powder, made by precipitat¬ 
ing a Holiition of lead nitrate with jiotassium 
iodide, and washing and drying the jirecipitatc. 
By boiling the jxiwder in water, and allowing 
thi' solulion to cooi, it is obtained in bright 
yellow crystalline scales. It is employed in 
medicine externally m the form of ointment. 

Mercurous iodide Hgl, or Unen iodide of 
! mercury^ is a gret*n insoluble powder, w'hich 
, darkens on exposure to light. It is jirepared by 
ir.ibbing together in a porcelain mortar the 
equivalent proportions of mercury and iodine, 
and moistening the mixture with alcohol until 
thtfr metallic globules cease to appear and a 
I green jKiwder is obtained. This must be dried 
in the air in a dark room, and preserved in a 
b(Atte put away from the ^ht. It can lie ob¬ 
tained la* yellow crystals by sublimation. It is 
insoluble in water and alcohol (c. Mercuky, 
coMPorNUfi of). * 



IODINE. 


053 


Mercuric iodide, or Red iodide of mercimj, 
Hgij. This brilliant scarlet powder, known 
as Chinese vermilk>n. It may be prepared in 
the same manner as the green icKlide, using 
(hniblo the equivalent of iodine; but a l)ettor 
product is obtained by pix'cipitation. A solution 
of mercuric chloride, or corrosive sublimate, is 
precipitated with potassium iodide, bolli salts 
being dissolved in boiling water; the piwjpitato 
is washed and ilricd over the water-bath. Jty 
sublimation it may be obtained m larg(^ and 
beautiful crystals, which when hot are yellow, 
hut rcas.siime their scarlet colour on cooling. 
It IS insoluble in Avater, but veiy soluble lu 
solution of ))otassium iodide. This solution con¬ 
tains a double iodide of mercury ainl potassium 
and is used in analysis as a ]»rccipitiin1 for alka¬ 
loids. It forms a pigment more hnllianf than 
vennihon. but if is not nuu h used tot this pur- 
as it IS easily altered hy exposure. It is 
ciu]ilo 3 ’c<l in medicine, espccuilly in syiiliilis, in 
dt»scs of a thirty-second to an eighth or a grain, 
and also cxttnnally a.s an ointment. The oflicial 
jinqiaraiions are iir.smii el hijdrnrtjipi 

Kxliiii and Vnffdcuhmi. hydmrqifri Kjdidi riihn. 
It has been nwal as a germicide for washing 
Hounds, iristearl of corrosivo sublimate, wliieh 
IS mtt so effective and is more ixnsonoiis. It 
has also been u.sed as an antiferimmtivt; in 
tanning (</. Mjun’uny, coMroi N ns oi-). 

Bismuth iodide HI,i is a red jiowtler obtained 
by precipitation iioiii bismuth lutral-e by 
potassium iodide. It ha-s been introduccfl 
into iin*dicinc as a substitute for iodoform in 
treating wounds, it has no oilour. 'I'liis iodide 
IS soluble in polassium iodide, forming a double 
loilide employed in analysis as a pn'cipitani for 
alkaloids. 

Silver iodide Agl. This salt occurs native, 
in lu'xagonal eiyslals, as iodonji/rile or /(xJt/tile. 
it is obtained by precipitation from a soiuti(»n 
of silver nitrate and any soluble iodid(‘. 'I'his 
salt is not employed commercially in this form. 
It i.s the active salt of iodine Avhicii is used in 
jihotograjihy. It is the form in hIihIi iodine is 
often precipitated and weighed. It is almost 
insoluble in ammonia, but soluble in pota.s- 
hium iodide and cyanide, and in sodium thio¬ 
sulphate. 

Palladium iodide I’dig. 'i'his is a dark-brown 
powder, interesting as a form m which palladium 
is estimated in analysis. 

de C^2i2* 


Cuprous iodide 


When solutions of 


potassium iodide and cupric sulphate are mixed, 
only half the iiKline is precipitat<?d as cuprous 
iodide, the other half being set free, according 
to the following equation : 

2CuS04+4Kl=Cuj2+l2-r2Kj8<)4 
it is necessary, therefore, to add a reducing 
agent as sulphurous acid or sodium thiosulphate, 
but ferrous sulphato is usually employed; the 
whole of the iodine is then thrown down as 
cuprous iodide 

2CuS04+2FeS04-f 2Ki ♦ 

*('uJ2+KjS()4 + Fej(S04)3 

The former reaction was proposed by Soubeiran 
as a method of obtaining iodine from kelp liquors, 
but it has not been much used. 

Cuprous iodide is a white crystalline solid, 
insoluble in water; 0n exposure to a ^i heat 
it fuses to a brown mass. The iodine can be 


, separated from it by heating it with manganese 
dioxide or strong sulphuric acid. Or it may be 
: decomposed by boiling with water and iinc, 

; which yields rJnc iodide and motallio copper. 
Or it may be treated with potassium or sodium 
hydroxides or carlxmat-t's, which d<>compose it, 
forming eu{)rou8 oxide ami jiotassiurn or sodium 
uxlide. With ammonia it comhiiieH, forming 
ammonio-cujii-oua iodide l'ul.2NH,; a white 
(Tystallino iMiwder. 

Iodide of starch, or JodiMd xUnrh, is a dark 
blue powder obtained by triturating bidine with a 
little water ami adding gradually standi in 
powilor until it assumes a deep and uniform 
colour, and drying at a Ion tem|M^rature. It is 
dco.oloris<i(l at MHt'. It has been usinl in 
medicine as a mild torm of administering Iodine 
I internally, and m the form of a paste to eleatiHc 
[ and heal foul sores and ulcers. 

I Eithiiuilion of Kxlim. Tin- violet vapiuir of 
fi-('e iodine IS characlt'ristie, an<l*tliere an* also 
four very sensitive tests for nxline and iodid«*s : 
for till* form(*r the blue colour test with starcli, 
ami the crimson solution m <-hloroform, iK'iizene, 
or carlion disuljilmh*: fi>r I he latt(‘r the pn'c-ipitu- 
tion as sil\(‘r or palla<lmin lodhU*. All these 
(Mil b(‘ einploy<‘(l in (‘slimatmg utdine, the colour 
tests by i-ompanHon u ith standard solul ions, and 
(he. gravimetric tests hy weighing tfie iodine as 
Hiher iodide or [laliadiiim lodidi*. Jnsolublo 
iodides must he conv(*rt<“d into alkaline iodides 
iM'forc precipitation hy silver nitrate or jialla- 
dnmi elilorule. Tins may hi* etb^cted by fusing 
with sodium carbonate, or preferably by a mix- 
tun* of this and potassium carbonate. Another 
nu'thod for a metallic ioilide is to suB|K*nd it 
■ 111 water and j>ass HulphnretUxl hydnig<*n through 
! the imxtiiie ; the metal is [irecijiitaU'd as a siil- 
I phide, and hydrioilKi acid formed. Silv(*r iodide 
j i.s generally heated wit h /.me and dduU' sulphuric 
acid, the .silver is reduced t(» the metallic state, 
and zinc loduh* remains in solution. • 

If the iodine exists in the form of a soluble 
lodate if must Im* reduced to an iodide by sul- 
jdiurous acid. With organic iodides it is usual 
to ignite with ]>ure aodiiiin hydroxide. 

Jn the (Colour tests, the iodine must be set 
free by bromine, (Oilorme, or, jirefeirably, n.tro- 
^^lph^rlc acid. 'I’lie starch method, ewing to 
the (Msy decomposition of the iodide of starch, 
is not generally available, but the separation 
of the iodine from solution by a solvent forms 
a proces^ of great aiamracy, of easy and rapid 
execution, and of general application. In 
estimating tfio lodim* in kelp or seaweed asb, 
or kelp substitute, the following process is* 
adopted. .Kelji is not an easy cargo to sample. 
'J'hcrc 18 often great difference in the value of 
the large niasses^o ming the cargo. Stones and 
i sand are a fr’quent cause of annoyance; stones 
i are often found fused into the centre of a block 
i of kelp, and forming most of the block. These 
i can onlv lie detected by breaking up all the large 
' pioccn With seaweed ash, ()r*charcoaI, or koT^ 

I subst-i^ute there is no difficulty. Where thoi^ is 
I much sand the kelp is more friable. The sand^ 
I is generally composed of shells, and is mostly 
I carbtnate of lime; *but it is soibotimes ouartZf 
flint, or other forma of silica. To eiurai'e an 
! accurate sample, abouf 100 lbs. are carefully 
I picked from a caigo of, say, 100 ton8,^d ground 
I up. A portion of this is finely powdei^ and 
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kept as a sample for reference. Of this, 5 grams ; sent, or the iodine will be rapidly'burnt off. 
are taken to estimate the moisture, another ^ In kelp and seaweed there always is sufficient 
5 grams are taken to estimate the soluble I alkali, and this precaution is unnecessary, but 
matter, the carbon, and the ash, also the potash ! where the object is to estimate iodine in organic 
and the iodine in ilie soluble matter. The kelp ) Hubstance.s containing it in miniite traces, more 
is treated with al)out TT) e.c. of hot water, wliiclx; caustic soda should always be added before car- 
dissolves little or none of the oxvsxdphides. , bonising. As all seaweeds also contain soluble 
This operation is r^^peaU'd and the residue ; suliibates which become reduced to sulphides 
waslied, and the solution made uji to 250 e.c. and oxysulpln<l(“s when Imrnt to ash, carboni- 
In a jiortion of this the polasli i.s e.stimab^d by • sation presf iits another advantage, as it prevents 
jilatinum tetraehlorid<‘. For e.stirnat ing tlie this change. ^ 

iodine, one-tenth pait or 25 c.e . ofiiial to 0 5 Palladium chloride is the only reagent which 
gram of ladji, is taken. This will not contain can Ik^ Telu'd on for the direct gravimetric 
more than 5 milligrams of iodine, generally estimation of iodine in mixed Ihpiors containing 
about 2 inilligrainK, often only 0 5 inilligiani. chh»rid(\s and bromides. The kelp liquor must 
If till! amount exci'cds 5 niilligrnms, it is ‘ b«“ mi\<“<i with liyfliocliloric acid and set aside in 
advisable to dilute the solution with an eijual a warm jilacc till the sulphur compounds are do- 
bulk of wat^T. Five <■ c. of carbon disulpliKh' oom[>osed, it is then liltoreil olf and [irc^cipitatod 
are IIhui addisl and a fc^w drojis {om* to thri'e) of w ith jialiadium eliloride, and allowed to stand for 
nill•o•Kulp}lu^ii! acid drojijasl in. 'Dos n'agent Sium* time. Tin- black precipitate of palladium 
prepaivd by trPatang starch wit li nitric acid, and ; uxlidi* may b<‘ w aslied witli hot water, and lastly 
passing the iiilrouH fumes into sulphuric acid of with a litl-le alcoliol. dried at a gentle heat, and 
18F{ sp gr. to saturation, 'i’hc mixture keejis , weigiied on a lured lill.er; 100 jiarts contain 
pi'rfectly w'ell The testings are performed luj 70‘15 parts of iodine. Or it may bo ignited in a 
large even tost-tubes, and eomjiarcd with j platinum crucible, and tiie iodine calculated 
graduated .standard .solutions of potassium iodid(5 • fiom t he weight of the palladium hdt; 100 parts 
treated in jiriau.sely tin' same manner. Hy this j of palladium aie equal to 237*0 parts of iodine, 
method ,.r,iiith part of iodine is (‘asilv detected j If (dilorine is also to Im‘ estimated in the same 
ami measurial, and up to part t.lie esti- | liquid, i».i!ia<lium nitrate must be substituted for 

mation is very ac'ouratc. It has sever,il advan- ' tiie chloride. If bromine is also present the 
tages over the us<‘ of starch, as bcsidi's the ' chloride must-lie n.sed. or a soluble chlofide must 
intrmluction of an organic' sulistaiue liabh* to i lie addc'd, or the lirominc will be jm'cipituted 
change, the blue colour of tlie iodide of starch '• with tln^ palladium iodide. This method gives 
is distributed over tlio whole lu|uid. nn<l wdien ^ discairdant rc'sults w’ith kelj), on account of 
dilute can only be swm by ]«s*king down the i tlie eyamdes often present. Free alkalis, chlor- 
hmgtb of tlie tube. Moreover, t lie solution is ' ine, and bromine' also prevent the precipitation, 
not transpari'ut, and the indications are not 1 In ‘caliche’ the iodine exists as an iodate, 
sharp enough for accurate (piantitative work, and this must lie iir.st reduced to an iodide 
though useful often in testing. The ('arbon ; by suljdiurous acid or soibum bisulphite, 
disulphide' method is quite as seirsitive. and the ; There' are several methods of estimating iodine, 
iodine is removed from the solution and coneeii- I bromine, and chlorine, directly and indirectly, 
trated in^l sixtii of tlu' volume' at the hottom of j wdien present together. A very simple method 
the tube. I'lio maximum effect, W'hic|i takes i of separating tlu'se elements directly is to distil 
time with the starch, is immediate in this case, ] over the iodini' tir.st by boiling with ferric Bul- 
Tho carbon disulphide sulnt ion of iodine can be jiliatc*; it may be (‘ondensed in solution of potas- 
ri'inoved, and IIk' iodine ri'C'overod fiom it by smm iodide an<l titrated with sodium tliiosul- 
an alkali for furihor (‘Xperiment if desired. Imt i phate. The bruimne is then separated from the 
it is quite unnecessary for aeeuratt' vi'.miUs. Jt ‘ residue in the retort, which has been allowed to 
is usual'to remove it from the disnijihide by y.m * cool, by gently w'arimug the solution after addi- 
in tfie presence of water, so that the reagent can tion of potassium permanganate, and distilling 
be used over ami ovut again. M-j-ny >ears of it into solution of ammonia in e.xoe8.s, in which 
expenenoo of this and other processes have it is titraU'd with an aci<^‘ or cstimak'd gravi- 
sliowii that this is the only one to be,relied on metrically by pn'cipifation as silver bromide, 
whert' many bucIi estimations liave to be jier- The chlorine can be estimated in the residue or 
formed daily, especially in kelp and its jmKluctR, by difference from a determination of the total 
which contain sucli a small proportion of iodine, quantity of chlorine, bromine, and iodine in the 
If the iodine is to be determined in a-'caweed or original substance by pi'ccipitation os silver salts, 
other organic material, the sample must always Another method is to distil over the iodine with 
be carbonised in a small irow retort or close a concentrated solution of potassium dichrom- 
crucible, and not burnt to ash in an open ate ; after tlie iodine is removed the addition of 
crucible. The salts are washed out from the char- a little sulphuric acid to the retort will set free 
coal, and the carbon and ash estimated by burn- tlie bromine, the chlorine can then be determined 
ing the residue. Jf this be not done, it is almost as in the last process. 

impossible to completely bum away the carbon ; Field's method of separat^ these three 
in the presence of so much alkaline salts'which Halogens is to divide a solution into three equal 
kftt a high temperature fuse and co^r it over. | partes ; each portion is precipitated by silver 
If, moreover, a long time is taken, as it must be, j mtrate. No. 1 is washea, dried, and weighed, 
over an ordinary Bunsen burner, a large partion ■ No. 2 is digested with potassium brdlhide, then 
of the^potash and all the iodine may be easily: washed, dried, and weighed. No. 3 is digested 
burnt off. If the salts'^oontain magnesium, as ! w<tk potassium iodide, thjn washed, dried, and 
all those feom seaweeds do, it is necessary to! weigho(|i No. 1 contains the silver chloride, 
make sure that there is m excess of alkali pre-1 bromide, and iodide. No. 2 oontains oniy rilver 
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bromide and iodide, the chloride having been by 
this process \5onyerfced into bromide. No. *3 
contains silver iodide only, the chloride and 
bromide having been both converted into iodide. 
The exact quantities of each in the solution can 
therefore be easily calculated. The valuation of 
commercial iodine has been alluded to already ; 
the sodium thiosulphate is usually standardised 
by titrating it with a potassium iodide solution 
of pure iodine. 100 c.c. = 2’48 grams of 

Na2Sj0jf,5H20) and is equal to 1*27 grams of 
iodine (y.Vfff'h of atomic weight in grams). Anol her 
method of volumetrically estimating the strength 
of an iodine solution is to pass sulplnnvtled 
liydrogen into it until decolorised the liy- 
driodic acid formed is then titrated with di'ci- 
normal soda, using methyl orange as an indicator. 

Commercial iodine seldom eonlains any im¬ 
purity but moisture ; it is almost impossd>le to 
estimate the water by drying in i.ln* ordinary 
way. An ea.sy method is to rub it u|) witli 
five times its weight of pure dry mercuiv, 
adding a little alcohol. It is then dried for 
12 lioui's, or until it ceases to lose weigiit, ovit 
snlplmne acid in a d<*sieeaior. 'J’Ins jiroeess is 
aecuratci to about O'l p.e , l)iit most- sintubh* for 
very damj) iodine. Anotlnu’ iiK'Uiod is to add a 
Weiglied quantity (about double tlic w(“igfil. of 
the iodine) of zinc slu'ct in small jueees in a 
tarod capsule, along witli a little water, when ; 
tlie iodine is all converted into zinc iodide ; th(' ^ 
contents of the capsule are gradually ovapoiated ^ 
to dryness and weighed, the weight then includes 
that of the dry iodine. It is better, however, in 
all case.s to estimate the iodine by t it ration. The 
same may bo .said of the valuation of potassium 
ioilido ; but in tins case it is often also neeessaw 
to estimate a small quantity of elihuide w’lueh 
IS always jiresent; and silver nitiati* is the Im'sI 
reagent for this j)ur[) 0 .se, as the eliloride ought 
to reprosent so small a percentage as to be difh- 
eult of detection. BroinliK' as a rule need n<;( 
be looked for. Should it be present, liowt uu*. 
.some otlior process must be emjiloyed. Jt is 
necessary to take at least 3 grams of the potas¬ 
sium iodide, and add to it not less than 3'I grains 
of jiure silver nitrate; the precipitate is digested 
in strong ammonia, then filtered off, wusherl, 
dried, and fused with the usual precautions 
The solution is concentrated by evaporation, 
and the silver chloride precipitated by nitric 
acid. This gives ttecA jate results, even when 
the potassium chloride is under 0'5 p.c. 

For the determination of small projiortions 
of chlorine and bromine in iodine, the following 
process is recommended by Tatloek and Thom¬ 
son (J. Soc. Chem. Ind. 1005,24,187). 10grams 

of the sample are triturated with 100 c.c. of 
water, and tinclv granulated zinc, or zinc-du.«t, 
is added in small portions, with agitation, uiitil 
ail the iodine is converted into zinc iodide. The 
temperature of the solution must not be allowed 
to rise sensibly during the process. The solu¬ 
tion is now filtered, the residue washed two%or 
three times, and to the filtrate 7 grams of pure 
sodium nitrite are added. The solutioi^ is 
carefully acidified with dilute sulphuric acid, the 
precipitated iodine is collected and washed two 
or three Umes with cold water, and the filri-ate 
is agitate with b#nzene in a small sep&rStor. 
The aqueous layer is run into anofher small 
separator, mixed with a little more sodium 


nitrite and dilute sulj^urio acid, and again 
shaken with benzene. To the aqueous solution 
excess of silver nitrate and some nitric acid are 
I added, the liquid is heated to boiling, and the 
I precipibito is collected on a weighed filter and 
; well wa.‘?hcd with hot water. A solution con- 
; taming 2 grams of silver nitrato, IK) e.c. of water, 
; and 10 c.c. of ammonia of sp.gr. 0*88 is prepared. 
About fK) 0 0 . of this solution arc pounxi back 
and f(>rward through the filter containing the 
pna'ipitate, aru! th<‘ latter is finally waslwl with 
the remaining 40 c.c. The silver bromiile on the 
filter i.s now washed with warm ilihite nitric ac*id 
and with hot water, drii'd, and weighed. The 
, ammoniacal filtrate is acidified witli ilihite nitric 
acid, and the prt'cijntate of silver eliloriile is 
colh'oted as usual. (}. G. H 

; lODIPIN, lODIVAL, lODLECITHIN, r. Syn- 

; THKUC DUrOS. 

lODOCAFFEIN r. SwriiKTic drugs. 
i lODOFAN. 1Vade name for nionoiodo- 
dilivdroxvl)en/ene-fr»rmnMehvde. 

IODOFORM and SUBSTITUTES. Iodoform 
(11 I', and U.N.I^.). tn-iodmmt/ume. (/Ilia was 
di.scovered m 1822 hy Scrullus (.Ann. Chim. Phys. 
tii.| 20, Kif)). hikI DiirnnH jii 1834 (ibid, (u.) 
51), 122) delermimd its exact comiiOHiiion. 
Soriillas ohljuni'd it hy acting on alcohol with 
iodine in ]»resc'ni'e of caustic or carbonated 
alkalis, 'J'he reaction may be stated thus : 

('H,-CH2'OH-b41.,+()K()H 

-CJlFj + H(M)OKf5KH-511,0 

Numerous other comjiounds (acetone, lactic 
acid, turpentine) containing the group 

(:H,-(X)-CorCll3-(:il(OH)-0 

yield iodoform (Li«‘l)eji, Annalen, f^uppl. 7, 218 
^ and 377). Methyl al<-o!ioI and acetic acid do 
! not. when ]jure. The only juactical sources are 
j ethyl aloihol and acetone. Acetylides, acety. 
i leiie mercuric chloride, acetylene (anti coal-gas), 

; also _\^^‘ld iodoform, Ijc Comte (.J, Pharm. Chim. 
i 1902[vi.] 10,207). hut this source does not appear 
I to have been used [iracticallv- 

To prepare iodoform, I'^illiol (J. Pharm. 

; Chim, |iii.] 7, 207) a<lds 1 part of alcohol to a 
; solution of 2 parts of orystallisod sodium car- 
fboiialc in 10 parts of water and raises tho 
I temperature to <K)'-80®, 1 part of powdered 

' iodine is then qradufilhf added, and when the 
I liquiil Ims become colourless, iodoform slowly 
. forms und sinks to tho l>ottmn and may be 
removed by filtration. The filtrate i.s heated 
ns liefore, another portion of sodium carbonate 
and alcohol added, and chlorine is led into tho 
' mixture‘to liberate iodine which has combined 
; with the alkali. Another deposit of iodoform 
occurs, ar«l process may J>e related 

i until the prodmt represents nearly half tho 
I iodine employed. Another plan, suggested 
I by Rother (Pharm. J. [iii.] 4, 594), is to 
j warn the following mixtuue until it becomes 
I colourless : iodine 32 parts, potassium carl^onato 
! 32 ^Jarts, 95 p.c. alcohol 16 parts, water 80 parhs. 

! Tiie iodoform which is deposited is removed, and 
I to the clear solution a mixtuiy of potassium di< 
ch^raate 2 to 3 parts, and hydroohlor|p acid 16 
to 24 parts, is adde^ito liberate iodine. After 
neutralising the solution with potassium ou* 
bonate, 32 parts more of that salt are ad<^, 
together 'witn«6 parte of iodine and 16 parts of 
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alcohol, and tlic lioat being maintained a second 
quantity of iodoform precipitates. This may be 
removed and tlio ojieration repeated several 
times (-’onndiuH and Oille, J. J^harm. Chim. 
(ill.122, IlHi: Smith, Pliarni. J. (iii.l5,211 ; Bell, 
ihid. (ill [ 12. 786; (Jiinther, Arch. Plmrm. jiii.j 
25, Iodoform can be pri'pari'd by the 

elcctrolvHiH of H solution of an nxlidi* in tli<! 
piesiUK’c of ai<-ohol, aldcdiydc, or acidone (Dingl. 
poly. d. 25.5. 88 ; J. Soc. Uhcin. lad. 1885, 243 ; 
Foerster and Meves. d. ]>r. (’hem. I8!t7, jn.J .5t>, 
353; Elbs and llcrz, /citsch. EIcktrochem 4, 
113; Abbot, ,1. Ph>.s, (’hem, !!H)3, 84 ; Tccplc. 
Amer. C'hem. J. 11)04, 2<i, 170. The la''t-nanic(i 
claim.s an almost quant ilat iv<‘ yiidd). Afcoi-ding 
to Smlliot and Raynaud (Bull, SfK'. < him. (iii \ 
1. 3) almost, the whole of the iodine funployeci is 
obtained as lodofoim when aeeUme i.s acted ujion 
by wind, is possibly nascent iiotassmin hvpoiodil.(‘ 
proilueed by treating potassium mdide with 
sfxlium hvpoclilorit(‘. A siiglit exei'ss of dilut.<‘ 
solution of Hodiiim liypoelihuiti" is aildi'd to a 
mixt-uri' of potassium iodide 50 parts, aeidone 
♦ • j)aits, an<l soilium hydroMde 2 parts, <li.s.solve(l 
in I to 2 parts of water. 'I'lie n'aetion jii’obabiy 
takes plai-e t bus : 

fl) KI -t NaClO - KIO 1 N'aCI 

(2) CHa-UtXdlai 3KIO 

-(Mi!,, f (:M,('00K-|2KH0 

Tills process 1ms been applied t<» tin* working 
kelp, and is said to produce lotjofoim of a very 
high degree of pnrity (I’liarni. .1 | in.) 20, 423). 

A novel nietliod has lK*en (h'scrilied l)y 
(JJiattaway and Baxter {('hem. So<- Trans. 101.3, 
103, 1800), in which Hcetone r<*aets with fimdy 
divided nitrogen lodidi*, prepanal from iodine 
monoehloriile and aminoma. Tn-iodo acetone is 
first formed, and ilnsisdeeomposeil by w'atrr and 
by ammonia into iodoform, with acetic acid and 
aoetainid(‘ respeetively. Foui-tifthsof the iodin<‘ 
can be obtained as iodoform in one operation. 

Iodoform crystallises in lemon-yellowyhexa- 
gonal plates (according to Bardaeli, (liem. Zed. 
loll, 35. 11, it also forms thin in'edles and is 
consequently dimorpliie). They melt at 110'', ' 
volatilise when heateil, or belter in a current of I 
steam. It has a ]iersist(Mit and disagreeable j 
odour. U is nearly insoluble in water, benzene. 1 
or light p(*tro!eum’; 1 gram dissolves in 60 c.e. i 
of alcohol. 80 c.e. of glycerine. 10 e.c.. of eldoro- 
form, 7'5 e.c. t»f ether, 2'8 c.c. of carbon disul¬ 
phide, and 34 e.c. of olive oil at 2'r)'^; eilso in 
i6 c.c. of boiling alcohol (U.S.J*.). In the dry ' 
state iodoform i.s not a< tcd on by sunliglit ; but j 
in solution, witii access of oxygen, it lapidly 
liberates free iodine (Humbert, .1. Phanti. (Mum. 
{iii.l 20, 352 ; Hebelcr, Pharm. J. [iii.] 16, 1088 ; 
Daecomo. (Jjizz. clum. ital. Bi, 2-tT ;tNouss and 
Schmidt. Pharm. J. 10, 247 ; Fischer. 

Phann. ^it. 34. 31 : Boiigault. .1. Pharm. Chim. 
[vi.] 8, 213). Its antiseptic properties have boon 
attributed to the .slow Iioeration of iodine. 
In W(ro it is almost without effect; it would 
appear, however, tlmt it acts <lifferently“ in ^ 
pifisence of pus at tlu' temjierature of tife body. ■ 
Iodine is, in this ^ase, liberate<l w hich perhaps 
also attacks the toxins. Hamburger, dc Hahn, 
and Bubanovic (l*roc. I>. Akad. Wetcnsch. 
Amsteixiam, 1911, 13, 982) state that even in 
excessively dtfute solution it has a favourable 
effect on phagocytoses ; the actioi\ is not due to 


iodine antisepsis, but rather to a physical effect 
(surface tension ?) of intqpt Iodoform on 
leucocytes. 

Heated in sealed tubes to 150®, or with 
sodium cthoxide or alcoholic potash, iodoform 
forms methylene iodide CHjI*. Tho zinc- 
eopper couph*. finely divided silver, and other 
nieiuls reduce it to acetylene. 

Iodoform is host doWeted and isolated by 
steam disliUation from slightly acid solution 
(Stort(‘nl«'ker, Ree. trav. chim. 1905, 24, 66). 
'J’he di.stillate is extracted with ethei, which is 
allowed to evajiorate in the dark. Better 
erystais, for mieroseopic examination, may then 
be oblaiiiftd liy reerystallisation from glacial 
i iuelie jieid. 7’ii(‘ red preiujiitate, formed by 
heating an ah‘obolic iodoform solution with 
Hodium jilienoxide, is. according to .Stortonlicker, 
not. i liuraetciistic, for it is also given by chloro¬ 
form and bi'omoform. Tiic i‘stiniation of 
iodoform may he earrieil out by digesting with 
silver nitiate and weighing t.lie silver iodide, or 
titrating the e.\((\ss by Volliard’s nielliod. 
Detection ot atlulteraiion (Kremel. J’harm, 
Post. 21, 213). Piorie acid has been usial, and 
IS separated by shaking the ethereal solution 
; with alkali. Assay <>f iodoform (Meilliere, 
Clicm. Zi'Utr. 1897, ii. 140). 

Iodoform is not now used so much as in the 
j ('ally da\s of antiseptic wound treatment, but as 
; a dry powdc'r w'hieh can b(' seatten*d it lias 
<-c)nsidcrab)e advantages. During tho ix'cent 
war it was u.sed extensively and very suc- 
eeshfully as bi.smuth-iodoform-petroleum-paste 
pJM.P.P.’) sugg(\sted by Morison (Lancet, 
1916, n 268), and (am.sisting of bismuth sub- 
nitrate or carbonate W'llh 1-2 parts of iodoform 
and enough juire iMpiid parallin to make a thick 
past(‘. 'I'he odour, and to some extent the 
j poisonous propi'rties, of iodoform have given 
j rise to n host of substituU's, all apparently 
mfi'iior. Attempts have been made to mask 
; th(' odour by addition of coumarin (2 p.e.) or 
of oil of pejijiermint (1 p.e.) 4- phenol (0*5 p.c.). 
Otlier attempts depend on its combination with 
liexaniethylene tetramine or with protein to form 
non-volatili* compounds. The oldest substitute 
imodfili or telra-jodo])yrrolo, C' 4 HNl 4 , formed by 
ili(' a(!tion of iodine on potassium pyrrole 
(Ciamician and Dennstedt, Bcr. 16, 2582; 
Uianiioian and Silber, ibid. 18,1766; 19 Kef. 327; 
20 Kef. 123). It CTystallifiea lorn alcohol in light 
yellow needles, decomposing at 140®-150® and is 
odourless. Like iodoform it is practically 
insoluble in water, and liberates iodine in con¬ 
tact witli the tissues. Gently warmed with 
sulphuric acid it gives an intense green solution, 
gradually changing to dull violet and brown. 

Di-iodoform, totra-iodo-ethylene, is obtained 
from calcium carbide and iodine, or from iodine 
and di-iodo-acetvlene (Biltz, Bor. 1897,30, 1200; 
Blitz and Kupjiors, ibid. 1904, 37, 4112), but is 
too unstable and too heavy to displace iodoform 
in ^vound treatment. 

A number of aromatic iodine derivatives 
have been suggested but those with iodine in 
tho iJenzene ring do not split it off in contact with 
the tissues and hence are only antiseptic like 
i other aromatic compounds. Such are iodo- 
i hydfciyquinoline sulphonic acid (/orrtm), tetra- 
i iodo-phenAphthalein (no8oph<n), tri-iodometa* 

I creso! (losopban) and iodoparaphenol-sulphonic 
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acid {sozojodol ); p-Iodo-amuol {isoform) seems I zones of certain silver* bearing veins, and when 
to be the best of ^his group. When the iodine is i found in quantiW, as 'at Broken Hill in NeW 


attached to oxygen as in hypoiodites of phenols, 
it is more readily split off, as in dithymofdiiodidc 
{aristol) 


Me 


Mo 


/ 


lOI 

0,H, 


lOi 


C 3 H 7 


and di-isobutyl*o-cresol iodide {enropheti). 


South Wales, in Chile and Moxioo, and at Tone- 
j pah in Nevada, it ia an important ore of silver 
; (Ag, 4iV{)7 p-c.)- Some of the silver-oro formerly 
j mined at Broken Hill eouHialed of whito kaolin 
I enclosing lihn.a ami specks of iodyriU‘. 

I Munitc is a rare cubic form of silver iodide 
; with copper iodide (•lAgl'Cul) from Broken Hill, 
^ N<‘w South Wales (L. J, Spencer, Min. Mag. 11)01, 
13,41 ; (i T. Prior, f.f. IHS). JL. Jb S. 

lOLITE, dichroite or cordierlte. A silicate 


The physical properties and theruix'utic , of uluminium and mugnesium witli aome ferrous 
effects of iodoform also belong to certain : iron replacing inagnc.siuni Jljj(Alg,Fe)^Al«Si 7 „ 0,7 
bismuth compounds, c.g. bismutlu tribromo-| or perhaps Mg 8 Al 3 (Al<)) 2 Si.()jg crystallised in 
phenoxide {xeroform) and bismuth uxy-hxlo* | the orthoihouibie systciii It occurs as a con- 
gallato {airol). Anotlicr class consists of inert | stilueiit of certain gneisses and granite's, and is 
powders with wliich iodine is loosely combined readily alien'd lo mica, psi'udoViorjdis being 
or merely mixed physically, e.g. imojodin, an more common Ilian the fresli mineral. In its 
addition product of iodine to hcxamctliylene* : jibyhical characters it presents a close n^semb* 
tetramine containing 00 }).c. of iodine; ‘ Jod-| lance to quartz, nanuiy, in the glassy concJioidal 
salusil" {Cliein. Zentr. 10)7, ii. 180) is finely j fracture, lianlncHs (11. 7-7i), density (sp gr. 


divided silicic acid, prepared bv electrosmosiH. 
mixed witli 1 p.c. of free iodine. Iodide of 
starch has occasionally been recommended. 
See further, Syni hkiic i)Riras. U. B. 

lODOFORMAL v. Synthkiiu Dhucs. 
lODOFORMIN Cyi,2N4l4 is jirepared by 
adding an alcoholic solution of iodine to aimuoiiia 
and formaldehyde mixed in molecular propor* 
tion.s when iodofonnin falls as a br<»wri pulvcni 
lent precipitate (w. Synthetic diuh.s). 
lODOFORMOGEN v. Synthetjo imras. 
lOOOGLlADIN. A combination of iodine 
and gliadin, a jirot-ein contained m M'hcat. 
lODOGLOBlN. «Syn. for Jli-iodotyrosme. 
lODOHYDRIN. {iothioii), Syn. for di-iodo? 5 o. 
propyl alcohol. 

lODOKOL V . Synthetic diu gs. 
lODObE V . Iodoform. 
lODOLEN, lODOLlN, lODOGALLICIN; 


2 tiO- 2 •!)(»), r(*fra(;live inih'x (I’.M) and double 
; refraction. The iniiicial is of interest on account 
1 of its strongly niaiked plcochroism (except in 
} thin si'ction.s); viewed in the thr<‘o din*etions of 
j the ciystallogiapliic axi's it Shows dark blue, 

[ light h!u«', HiKl pale yellow colours. It is 
I o<;casion<tlly used as a gem-htonc ; and to show 
i the pleocliiojsm lo advantage it is sometimes 
i lilt in a euboidal form and mounted on a swivel, 

I Wlieii cut U.S a faeeted gem this Hhonltl bo so 
; oneiitaU'd that/ thi! front facet will 1 m' perptm- 
( diciiiar to the direction in which the deep oliio 
: colour is siicn: such stones arc known to 
i jewellers as ‘ lynx-sappiiire ' or ‘ water-sapphiro.’ 
j Matci'ial of gem-(juality comes from the gem- 
j gravels of (Vylori, Onjarvi in Finlaiui, ilaudam 
! in t’ontuictieut, ami Mt. Bity in Madagascar. 

! ■ L. J. S. 
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lODOPHENlN, lOOOZOl, v. Myntuetic dbuos. I activ<- elmu'iit, diseovi'nsl by Boltwood in 


lODOLYSIN. An additive compound of an 
alcoholic iodide with thiosinaniine. Used in 
relaxing scar-tissuo. 

lODOMENIN V . Synthetic drugs. 
lODOMETRY v. Analysis, Volu.mkuuc. 
lODOPHENIN. Trade name for p-aeoto* 
hydriodotetraiodide (Kmery). 

lODOPYRlNE. A pharmaceutical prepara¬ 
tion made by adding a solution of iodine in 
potassium iodide > "p. aqueous solution of 

antipyrine containing sodium aci'tate. 

lODOTHEOBROMIN, lODYLIN. lODYLO- 
FORM V . Synthetic drugs. 

lODOTHION V . Synthetic drugs. 
lODOTHYRINE t\ Thyroid oiand. 
lODOZOL. Trade name for di-iodo-;/- 
phenol sulphonic acitl. 

lODYRITE, or lodsrgyritd. A mineral com- 
posed of silver iodide (Agl) cpretaliismg in tin? 
rhombohodrnl system. Distinctly dcvelopd 
crystals are small and comparatively rare ; they 
possess a perfect cleavage parallel to the bai^l 
plane, on which the lustre is ^rly, and are 
very soft (H. = l) and readily distorted. Their 
pale sulphur-yellow is not darkened by ex- 


iiraniuiu mineralH (Bolfwood, Anier, J. Sci. 
11)07, 24, 370; cf. Hahn, Ber. mi, 40, 4415). 
The roHults olitamed by Boltwood and Hahn 
were eonlinned by Marckwuld and Kcctman 
(Ber. H)08, 41, 40), who were unable to separate 
ionium from t.honuin, an element ,,whieh it 
Vlosely rc.stanbh'H. Ionium occurs, however, 
ussociated nith aetinium, in many of the uranium 
group of auneraln in tlio absence of thorium 
(Szilard, laC Radium, HK)9, G, 80).* 

Highly active jircparations of ionium may 
be obtained from carnotite as follows (Boltwooci) 
Aiiier. J. Sci. 1908, 25, 305). The ore is dis¬ 
solved ill hydrochloric acid and several grams 
of the cluoridey of the cenle earths added. The 
earths aie st]>arut**d as oxalates, converted into 
cblondes, H'ul ’precipitated with sodium thio¬ 
sulphate. 'J’ho latter procedure is repeated 
several times, when a product is obtained 
liavjng a radioactivity several thousand times 
os yr at as that of an equal weight of pure 
uranium. 

The residues obtained in working up uranium 
ores coaiiaining little thorium may be precipi¬ 
tated in strongly agid solution with hydrofluoric 


^ure to sunlight. Sp.gr. 5‘61. At a tern- * acitt. The precipitated fluorides are converted 
perature of 146 , the material becomes optically - into sulphates, and from the aqueous solution 
isotropic and oubicp reverting on cooli^ Ato 1 of these, ionium and thorium are quantitatively 
- - ^ - ■ • » . t Y #— ^ I precipitated adding zinc hyotoxide. The 


isotropic — . 

the birefrii^ent rhombohedral form. 


The mineral occurs in the upper oxidise(i ^ precipitate is dissolved in hydrochloric acid and 
voL.in.—r. 
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the solution jirecijhtated with oxalic acid. The 
oxalate thus obtained contains the ionium, and 
haa an activity 2(»U times as large as that of 
metallic nranunii (Kectman, .laiirb. KadioiAtiv. 
Klektrfunic. (>, 2(15). 

Ionium emits a-rays, which Iiave a range in 
air of only 2'8 enis.; it also emits fi-rays. It 
j)ro(lueeH no emanation. I'Ik* life of ionium is 
at least as long as that of radium (</. »Soddy, 
Lt! Itadiuin, lUlO, 7, 295). 

According to Ikdtwood, ionium is the direct 
j>aient of radium, and according t(» Keetinun 
{I.C.), does not cliange direc^tly into actinium. 

Thonum-ioimim oxalati' lias a very Ingh 
and constant activity, and may W'ith ad\anlagc 
be ulilis<‘d in testing tlie constancy of clectro- 
meierH and ter determining cajiaiitu's (Keet- 
inan, l.c.). 

lONONES Ki:tom;s. 

IPECACUANHA. J'jHCficnavhii Jinof. liaiivv 
<VIpecacuanha, Fr. ; lirerhruru}, («er. Ipeca¬ 
cuanha IS the root of J\ychf>trui Jjii caciiaviia. 
Stokes, also known as ('iphaihs Jjxcanmnhii. 
A. Kiehard, and Craijoya Ipicacuanlni. IJaillon 
(N. 0. Kubuiceie). a low soft-wooded sliiiib 
mdigc-nous to Jba/.il Three' commercial \aiic- 
tu'S of tins root arc dislitiguishcd : (!) Itio or 
Mattel Cro.sso, (2) Minas, wliicli is dcined tiom 
the same jilant, ciilticalcd in the ]>rovin<-c c>f 
Minas (leraes in Jira/il, and (9) lialian or didiorc. 
also derived from the same jilanl. cuUicalcd in 
the Straits Setllemeiils. 

llio Ijiecaeiianha oiauis in commerci* in 
reddisli-brown or dark brown ]*iccis seldom 
excei'ding 15 cm. m lengtli, and (i min. in tliick- 
ness; it has a tliuk baric, transvc'isely corru¬ 
gated or ringed “ tiie eoinigations often jieiu'- 
trating to tlie woody iiitcnor- and imiiutily 
wrinkled longitudinall_\. 'J’he Minas \anet\ 
rosembles it closely, whilst the Joliou- diug Js 
ratlier Itirgu” than tlie Biazibaii root. 

The B.P. 1914 recognises only V-'^ijchotua 
1 lidcacuanha as the ollicud sr»uree of ijiecac'l'anha. 
hut the U.S.1\ I9l(i uiithori.ses the use of tlie 
root of <'fphadt.'i acumiiniia, Karslen, also. 
This is known eumnuTeiully us t’arthagena or 
Colombian Jpecacuaidia, and is usually lighter 
in colour .and rather largi'r than tlu' Biazilian^ 
root. 

For information on the jjiccacuanlia.s of 
English eommeree and otiiers sometimes sub¬ 
stituted for tiiem, cj. F. il. Holmes, Yi'iirbk. 
Pharm. 189a, 402. '* 

Tlic drug was first intnaluced into Kurope 
from Brazil about the close of thi' sccenteciith 
<-entury as a rt'medy for dysentc'ry, and since 
that ^HTiod it has always I'ctaiiied a'pbu-'*' 
viatcTM mt’diVfl. It is employed as an expee- 
toraiit, as ati emetic, and in the ticatnumt of 
dysentery. Applied locally the powdertal root 
is an irritant, and in large doses it is poisonous. 
{Cj. Pereira, Mat. Med. 1853, 2,1591 ; Fluck. a. 
Hanb. 370.) It is'adinmistered m the state of 
powder—for instance, admixed with opium^niid 
potassium sulphate m the well-known Dover’s 
r?>wdcr—made into pills, or in vinous dilution. 
In recent years, iiowe\er, tli« salts of enioyne 
have beea largely used m its })laee in the treat¬ 
ment of amoebic dystmtei^-. 

The most imnortant constituent of ipeca¬ 
cuanha is thelilkaloid ewc/iV, which is associated 
with several other b&ses closely ablated to it in 


structure. The tenn emetine was first applied 
by Pelletiei and Magendie (Am?. Clfim. 1817, [ii-l 
4, 172) to a crude preparation of the total 
alkaloids of ipecacuanha, and was used Rubse- 
qucntly by numerous authors to designate 
vanous purified preparations of the alkaloids. 
'J’lie earlu-r researclies may be traced by reference 
to the pajiors of Paul and Cownley, and only one 
need bo mentioned here, namely, that of 
Glenard (Ann. Chim. 187(5. |v.] 8, 2.33), who 
succceclc'd in preparing emetine hjclroeliloride in 
a ers’stalline state by a fortunate choice of pro- 
leclurc. Tlie lir.st real advance in tlie study 
of these* alkaloids was made by J’anl and 
Cownley {Minrm. J. JH94, jni.j 25, 111), who 
showed that till* jioilion soluble in ctln-r could 
be s(‘j)aiate(l into two fraetions by extraction 
with acpicous sodium hydioxide, wlicn the 
etlicn'ul solution eontaineil a ncmphcnolic. 
ulkiiloiclfoi winch the imme t mtiine was rotaincal, 
whilst tlic alkaline liquoi contained a crystalline 
alkaloid which was termed cipliaclivv. Subse¬ 
quently (I'fiarm. .1. 1894, |ui j 25, (ittO) tliey 
Isolated a tliird alkaloid, jtxifch(ilnni\ from the 
root. Shiny years later O. Hesse (Amiah'n, 
1‘J14, 405. 1) dcscribod two more alkaloids of 
ipecacuanha. i]Mcavniic and fnjdroijiccamivc, but 
these fu<* piobably not homogenous substances 
(<•/. Pynan, (’lii'iii. Koc. 3’rans. 1917, 111, 49). 
More rcrt'iit!) P\ man {I c.) isolated two new 
alkaloids of ijic'cac uanlia, one* bi'ing the o-niethyl 
ith<r of p^i/chofniii, whilst tlie other was termed 
eniitn nunc. 

Neglecting [lubhcaiions ^uevious to those of 
Paul and ('ownlcy, the clteimstry of these 
alkaloids lias been studie<l by Paul and Cowiilev, 
Pharm .1. 1H'.»3, iiii j 24, (51’: 1K94. Im.] 25, 11'l, 
373. (»41, OtKJ; 1895, [i\.| 1. 1, 321 ; tlie same 
w’lth Hesse, PJiarrn. .1. 1898, |iv.! 7, 98 ; Frenehs 
and de Fiientc's 3’api.s, Arc h. Pliarm. liK)2, 240, 
390; Keller. -Arch. Pharm. 1911, 249, 512 ; 
1913.251,701 ; 1917.255,75; Carr and Pyman, 
Chciii. Soc. Proc. 1913, 29, 22(5 ; Chem. Soc. 
Trans. 1911, 105, 1591 ; Hesse, Ainialen, 15»14, 
405, 1 ; Wiiulaiis and Hernmnns, Ber. 1914, 47, 
1470; P\man, Clicm. Soc. Trans. 1917, 111, 
419; 19J8, 113, 222 ; and Kairer, Ber. 191(5, 
49, 20.57; 1917, 50, 582. i’atents have U'cn 
laL'n out by W. G. WbilTen, i>. K. P. 9f>090 
(1897) for the purification of eim-tme by erystal- 
li.sation of the hydrobromide ; by Chem. VV’erke 
vorni. Dr. Hemr. Byk.,*!). Ic. P. 2(57219 (1912) 
for the extraction of the alkaloids from the root 
by means of oliloroform mixed with alcoholic 
hydrogen chloridi'; by H. S. Wellcome, F. H, 
(’aiT and F. L. Pvman, Eng. Pats. 14677 and 
17483 (1913) for tlie projiaration of emetine by 
tJie mcthylation of cepliaeline by maans of 
dimethyl sulphate and sodium methyl sulphate 
lespoclively ; by Farbw. vorm. Meistor, Lucius 
unci Brumng, ll R. P. 298(578 (1916) for the 
preparation of emetine bv the methyiation of 
C(‘phaeline bv means of diazomethane; by 
Meader, Eng. Pate. 11717, 11718, 11719 
: (1915); 103881,104(552,105722 (1916); U.S. Pat. 
1209575 (1917), and by Farbw. vorm. Meister, 
Lucius und Briining, D. li. P. 301498 (1915) for 
; the prejiaration of homologues of emetine by the 
1 alk;yl^tion of cephaeline with derivatives of 
‘ alcohols other than methyl clcobol. 

holqt^n of the alkaloias .—The total alkaloids 
extracted from the powdered root by moans of 
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alcohol, amyl^ alcohol (Paul and Cownley), or a 
mixture of benzene with light petroleum (Hesse) 
are dissolved in dilute hydrochloric acid, basilied 
with ammonia, and extracted with other wliich 
removes all the known alkaloids except psycho- 
trine ; this is extracted from the mother I'iquoi 
by chloroform and crystallised from moist 
aciitone. The ethereal solution is extracted 
with dilute aqueous sodium hydroxide, from 
which cephaeline can be extracted by means of 
ether after tlio addition of ammonium chloride ; 
on concentrating this ethereal solution cephaeline 
separates in long colourless needles. The 
ethereal solution containing the nonphenohe 
alkaloids is eonc'ontrated and tJie n^idiie con¬ 
verted into the hydrochloride (I’aul and 
(.'ownloy), hydrobronude (WiiilTen), or liydn- 
odido (Karrer), when the eimdine salt separates 
in a crystalline form. After removing the 
emetine, the remaining alkaloids are conv<‘rt.(‘d 
into acid oxalate.s in alcoholic solution, when tlu; 
crystalline acid oxalates of O-mcdhylpsycliotrine 
and emetannne are dejiositcd ; tiie.se ar<* 
sefiaraled by fractional extraction from (licir 
chloniform solutions by (hlule acids. 

Proin rtics.- -I'J/nctnic lias the formula 

((..'arr and layman ; Karier) being tlio mono- 
methyl ether of cephaeline, for which the 
formula <is ai^cepted. Other 
lormulaj proposed for emetine arc 
(Paul and Oownley), which is emjiloycil in the 
IJ.S.P IDlli, (Hesse. i8h8) and 

411 ^ 5^2 (Hc,sse, 11)14). It contains four 
inethoxyl groups, one tertiary nitrogen atom 
common to two rings, and one secondary 
iiitrogiui atom eontaiiu'd m a ring. The largest 
fj’agment of tlu' moleeuh* so far obtaimsl on 
oxidation is 0 : 7-dinU‘ilio.\yt.sof]umoIme l car¬ 
boxylic acid, the formation of which sliows that 
(Muetine is a derivative of i.-oquinoline 

Emetine is amorphous ami coIoiiiIcks, but 
turns yellow on warnmig or kiaqung. It imdls 
at 74°(oorr.) and has [.a|j,—50'-' in chloroform 
(e —2). It is .sparingly soluble in wati'r or light 
jietroleurn, but readily so in alcoliol, ether, or 
chloroform. Jt is a diacidic base forming 
neutral salts with two cquivahuits of acids. The 
hyilrochloridi', hydrobroimMc, ami the double 
iodide of emetine and bismuth are employed in 
metUcine. o ^ 

The hydrocidonde B,211 Cl contains water 
of crystallisation varying from 3 to 811 gO. Jt 
forms colourless woolly needh's, which after 
diying at 100“^, melt indefinitely at 2Ih'>'^-2r)5''' 
(curr.). Its specific rotatory power xn aqueous 
solution varies with the concentration from 
[aJjj + ll* (c.=lj to [ajp-f-21‘'(c.~8), calculated 
for the anhydrous salt. It is readily soluble 
in warm water (about I in 4 at 37''0.), but mon* 
sparingly so in cold water (about 1 in 7 at 
26®C., and 1 in 11 at 15"C.), giving fiolutions 
which are neutral to litmus. It is official m tHe 
U.S.P. 1916. This salt and also the hydro- 
bromide are given by the mouth or hyjpo- 
dermically in doses up to 1 grain in the treatment 
of amoebic dysentery. 

The hydrobromide B,2HBr,4H20 io^ms 
colourless needles, wliich melt indefinitmy at 
245®“266® (corr.). It is readily solume in hot, 
sparingly so in cold water : 50). 


Emetine bismuthous iodide, prepared by the 
addition of Dragendorff's reagent (|H>tassiuin 
bismuthous iodide) to an aipioous solution of an 
omethie salt, is a dull scarlet powder, almost 
insriluble in water, appro.ximating in eoin|K>8itioii 
to B. 2 HI, 2 Bif 3 . It IS given orally in amojble 
ilysentery, arul is slated to cause less naus<*a 
than the solulih* salts, siui'c it is almost insoluble 
in the acid contents of the stoinacii, ('xerting 
its full elfeet only m contact with the alkaline 
juices of the mte.stmes. 

Tlie suinhate, nitrate and hyilriodide are 
also eryKtalhiie, (ho last two btuiig sparingly 
Holubh' in water. 

Cephaeline forms colourless 

neeillcs from ether, melting at 115“ -I HP (corr.). 
fa|jj-43“ in chloroform (e. -1^. Sparingly 
soluble in waU'r, etJier, or light j«‘troleum; 
easily so in alcohol or (^hl(»roforin. TJie hj'dro- 
clilonde, B,2J1('I, 5 to 7 11^0 forms (colourless 
prisms, easily soluble in water, melts at 245“- 
270“ (corr ) when atiliydroii.s, and is (h^xtroro- 
tatory. Tlio hydrobnuiiidts is also eryslal' 
liii(‘. 

Psychotrine ('^hH crystallises 

from moist acetom* in yellow prisms having a 
blue lluori‘.se(‘nc(‘ .VI jj. (anlivdroiis) 124'“-J2(P 
(coir ) |a|jf + h0“ in 0!)}) e. alcohol (<•. 2). Korms 

crystalline di'xtrorotatory salts witli Jl 2 iS<> 4 ,lII 
and HNOj. Yields cejihaeline and an iHoinerido 
oil rediietion. 

f>-Methylp$ychotrine amor- 

[ihous and has |uj^^ f HP in chloroform (c. --2). 
l<'orms crystalliiic de.xtrorotatory salts witli 
HgSO^.HJir and oxalic acid. Vudds einetino 
and an isonu'ride on reduction. 

Emetamine Ca-dljflOjN^ (or 
forms colourless lUHsiles from ethyl acetate. 
•M.p. I55“~lot)“ (corr.) laj^ flO’ iii chloroform 
(c. =4). Form.s crystallmo l.'i3V(;rotmlory salts 
with HBi, and oxalic acid. 

J)<^r/ioii and cdimaiion. A clianwteristio 
reaction of the alkulouls is tlie yellow (^r orange 
colour produced by the action of bhiaching 
powder and acetic acid (l^ower, Pliarm. J. 1877, 
(iii.j 8, 344). Kroi'hde's reagemt gives a 'rass* 
^reen colour with emetine, and a purjdo colour 
witli cephaeiino ; this distinction is utiiisi^d in a 
ri*st devised to detect the presence of cephaeline 
in commercial emetine hydrochloride (U.S.P. 
I9l«). ^ 

The official methods of assay of ipecacuanha 
oonsist in the estimation of the total ether- 
soluble alkaloids. The B1*. 1914 requires a 
content pf 2 p.c. estimati'd gravimetricalJy, 
whilst tlie U.y.P. J91C requires a cuntcut of 
I'75 p.c. estinyit-d hv titration with standard 
acid. The ^onphenolic and phcndlic {lortiona 
of the (!tiicr-suluble alkaloids may be separated 
and estimated similarly. For a rt'view of the 
methods of assay, see 1? rcrichs and Tapis (Arch. 
Phurm J9(J2, 240, 390). 

The root contains l*5--2'6 p.c. of •total 
alkaloidf^ consisting mainly of emetine a%d 
cephaeline, with 0 04-0'06 p.c, of psychotrine, 
O0i5-O 033 p.c. • of raethylfisychotrine, and 
0'002-0‘006 p.c. of emetamine ; the prt^portiona 
of emetine and cephiftliDe in the different com¬ 
mercial varieties are given by Paul^nd Ckiwniey, 
Pharm. J. 1896r(iv.] 2, 321 ; 190^iv.] 16, 2M ; 
Umnoy and Bwinton, Yearbk. X^barm, 1899. 
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348; Carr and HeyuoldH, Pharm. J. 1908, [iv.] 
20, 642, and Hesao, Annalen, 1014, 405, 1. 

Non • alkaloidal constituents. — Besides the 
alkaloida, few deiinite com|>ound 8 have been 
isoJated from tlic root. A crystalline yellow 
oolouiing matter, enjthroccpluidein, iorming 
purplo-rod compounds witli alkalis was isolated 
1)^ r(»dwyHzotzky, Pharm. J. 1880, [ni.] 10, 042. 
'Ilio pn^Hcnco of choline was detected by 11. Kunz, 
Areii. Piiurm. 1887, |iii.] 25, 401. A colourless 
glucoside, ipccar.uanhm, was isolated by Einno- 
morc and BiuithwaiU*, Pharm. J. 1912, jiv.i 36, 
130, and n phylostcroJ, m.p. 100'^-102'' (coir.) by 
Carr and Pyiuan. The root contains a large 
amount of starch and up to 5 p.c. of asli. 

F. L. P. 

IPOMEA i; SuAMMONV. art. Cu.m kesins. 
IRETOL v. Phenol AND rra homolooues. 

IRIDIN (jI.ocosides. 

IRIDKJM. 8ym. Ir. At wt. 193 04. 

The occurrence of this metal and the pro])er- 
tios of its principal alloys witli j)laUnum will 
bo described under Platinum. Its |inneij)al 
source is the osniiridium which is left. afU'r 
tr(5atmont of crude jilatmum with aqm 7t ( fia . 

The cleaning and methods of attack of t he 
insoluble osimridmm are ahso given under 
Pi>ArjNUM. Ibielly, indium is freed from 
1 uthenium and osmium by distilling m chlorine 
after an aikalino fusion, and from rhodium and 
palladium by the dilTerence of solubility of the 
double chlorides with potassium or ammonium. 
U may be freed from platinum citlnir by melting 
the metal with ten times its weight of lead, . 
parting in nitric acid and boiling the residue m 
aqua reqia, or by reducing the acidilied chloride 
solution with 11 IStlj, ferrous salts, nitrites, 
oxalic acid or other suitable reagent, precipitat¬ 
ing the unattackod PtCi^ with ammonium or 
potassium ihlondo and either ro-uxidisiiig iho 
solution to precipitate the chloroindale or 
crystallising the chloroiridilc by evaj|)ofiition. 
The ammonium salt has the advantage over the 
potassium salt that it may be dccompo.sod to 
louvo a base-free solution by boiling MitJi aqua 
regiOf or it may bo calcined in a closed vessel to 
leave the «mctal as spougo. If calcined in an ^ 
open vessel the residue may sub.sequoatly be 
reduced to metal by hydrogen at a gentle 
lieat. ‘ 

The metal is best converted into the soluble 
chloride by heating in chlorine with 'salt or 
dohydrat^ed barium chloride. In the lattiT case 
the barium may bo removed from the solution 
by sulphuric acid. , 

Iridium sponge is oxidised but not dissolved 
by fused bisuiphate. Traces v’f osmium in 
iridium sponge may bo detected Sy bringing 
some of it on a piece of platinum foil into a 
Bunsen burner hame alternately in the reducing 
and oxidising zones, when bright flashes or 
sparks are obsorvtd; but the characteristic 
smelhof O 3 O 4 on heating in air is reliableiand 
sc^nsitivo. 

On account of tlieir extreme hard&ess, the 
native grains ofosmihdium'are employedf.as 
such for*’tipping the points of gold nibs, but 
only a small proportion (f«en of the few grains 
which occur ^th ordinary crude platinum are 
suitable for uie purpose. A snlall quantity of 
osmiridium is xor pivots, of watches 


and scientific instruments, but practically the 
whole is worked up for the production of iridium, 
which is mainly employed in alloy with platinum, 
as described under PLATlNtTM. 

Melted iridium may be cast in a lime mould, 
and tlie ingot forged or rolled at a bright rod 
heat. Sheets suitable for dishes or crucibles 
may thus be prepared, but the metal, even if 
pure, is very hard and brittle when cold. Thin 
{on may, however, be rolled out, and has found 
an ajiplication in an electric meter as an electrode 
in a solution of a mercury salt. The forged 
metal becomes superficially oxidised at a red 
heat in air or oxygen, but the blue tint, not so 
pronouncefi as tho ‘ temper ’ colours of steel, 
disappears on further hcatmg. Acids, however, 
have no action on it, nor have certain fused 
base metals. For further details see Crookes, 
True. Koy. Soc. 1908, A. 80, 535. 

Indium is a white metal as bright as steel, 
liaving a fij» gr. of 22'39 (G. Matthey), and 
melting at abtjut lOoU*^; 2150''-2250° (J. Ind, 
Kng. (4icin. 1911, 3, 364). 

TJic eoinpact metal, like osmindium, may be 
broken down by melting with excess of zinc, in 
which, of course, it sinks, and then boiling away 
the whole of the zinc. Or the zinc may bo kept 
as long as is necessary just below its boiling-point 
(918'"), and then dissolved away by acid {i)evillo 
and liobrav, Ann, de Ch. ct de Ph. 1869, [3] 50, 
439). 

At a dull red heat iridium combines with 
fluorine, chlorine, or oxygen. It also combines 
with sulphur when heated, and gives a readily 
fusible compound w’ith phosphorus, which is 
decomposed at a white heat. 

('olloidfU iridium may be obtaini'd by mixing 
iridium chloride with lysalbic acid and con¬ 
centrated soda, and subsiHiuently dialysing the 
mixture (Paal and Amborger, Bcr. 1904, 37, 
124 ); or by reducing iridium chloride with 
hydrazine hydrate in the presence of gum arabic 
solution (Gutbier and lloffmeier, J. pr. Chem. 
1906, [ii.] 71, 452). It is a catalyst, but is not as 
powerful as colloidal platinum. See Poal, Biehler 
& Steyor, Ber. 1917, 50, 722, 

For its action in inducing the catalytic 
oxidation of carbon monoxide by oxygen, see 
Paal, Bcr. 1910, 49, 648. 

Indium black is a complex mixture containing 
varying proportions of tho motal and its oxides, 
obtained by reducing irRUuii salts with alcohol, 
formic acid, or formtudehydo. Tho black powder- 
thus formed is washed with water ana dried 
in mewd (Bottger, J. pr. Chem. 1834, 3, 276). 
It has properties simihir to, but more power¬ 
ful than, those of platinum black. It ^sorbs 
gases and has the property of inducing chemical 
action, as, fur instance, the combustion of 
hydrogen and of alcohol, the transformation of 
chlorine, iodine, or bromine water into halogen 
acid and oxygon, the decomposition of hypo¬ 
chlorites,' and so forth (Schonbein, Ann. Chiin. 
I^‘66,liv.l7,103,113). 

Althoimh the black iridium oxide is a valued 
p%rnent mr china, the commercial use of 
iridium for that or other purposes other than 
as metal or in alloys, is practically ml, as the 
dezeand for the metal as such exce^ the 
supply. For the same teasdh, none of the large 
vanety ol salts which iridium forms, is of 
teohnologicU intere|t. 
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^Iridium Compounds. 

According to Wohler and Witzmann (Zoitsch. 
anorg. Chem. 1908, 57, 323: see also Zeitach. 
EJektrochom. 1908, 14, 97), the oxide IrO does 
not exist under ordinary conditions, and all the 
known oxides are unstable at 800®-1000®. 

Iridium dioxide IrO^ is be.st prepared by the 
action of alkali on a hot solution of sodium 
iridichlorido NajTrClj, the sesquioxide lirst 
formed bein" oxidised to dioxide by a current 
nf oxygen. The oxide is then dried in a current 
of carbon dioxide at 200 °, after which it ia 
boiled with alkali and then with sulphuric acid. 
The anhydrous dioxide and alao the one con¬ 
taining 2 mobs. H 4 O is black. H'ften freshly 
precipitated it is more readily soluble in acid's 
and alkalis than when dried. 

Tlio solution obtained by the action of 
potash or sodium iridichlorido in the cold, 
ultimately becomes violet in colour and contiiiiw 
the dioxide in colloidal form ; after a time a 
violet modification of tho dioxide soparates, and 
on boiling, the solution becomes blue. Tho blue 
and gi*coii solutions of the dioxid(! in hydrochloric 
acid also contain the dioxide in coll<»idul 
solution. 

Iridium sesquioxide Ir^o^ is obtained )>y 
mixing air-freo hot solutions of sodium indnim 
trichloride Na^IrClg.1211.^0, and potash in 
a current of carbon dio.xidc. Tlie mixture is 
evaporated to dryness and lieated to n*diu*ss in 
a current of the same gas, afWr winch it is ' 
purified in tho same way as tlio dioxide. With 
nydroohloric acid tliis oxide also gives a colloidal 
solution. Like tlio dioxide, its jiropertios ; 
depend on the proportion of water it contains, 
'I’he sesquioxide imparts a fine black colour to 
porcelain afU*r firing, and when mixed with 
zinc oxide it yields a grey tint. 

Iridium trioxide is so unstaiilc that It has 
not been obtained pure. 

Iridium trihydroxide Ir(OH )3 is a yellowish- 
green substance which dissfilves in alkalis and 
oxidises rapidly in tlie air, forming 

Iridium tetrahydroxlde Ir(OH) 4 , a heavy 
indigo-blue powder, which becomes green, then . 
brown on heating (Joly and Ix'idie, Compt. j 
rend. 1895, 120, 1341 ; Gutbier and liicss,^ 
Ber. 1909, 42. 3906). 

Iridous chloride IrCI^ is a green, insoluble 
mass, formed wi^n chlorine ia passed over 
spongy iridium or Witen the tetrachloride is 
heatra. 

Iridium trichloride IrCla is a light, insoluble, 
olive-green powder prepared by heating one of 
its doable salts with sulphurc acid, and also 
by other methods (Antony, Gazz. chim. ital. 
1893, 23, i. 184). It forms complex compounds 
with the chlorides of phosphorus and arsenic 
(Geisenheimer, Compt. rend 1890, 110, 1004, 
1336), and double salts with metallic chlorides. 

The most important of these are the po¬ 
tassium salt, K 3 lrGls, 3 H 20 , big rhombic prisms, 
efflorescent in air and losing 9’46 p.c. at 18°; ^he 
ammonium salt 2 <KH 4 ) 3 lrCi«. 3 H 20 and the 
sodium salt Na 3 lrCl«,i 2 ii« 0 , large dark alive 
prisms, soluble in alcohol and melting at 50°. 

Iridium tetrachloride IrCl 4 may be obtained 
by heating ammonium iridichlori^ in ohl<yhie* 
or by di^Iving the finely dividei^ metal in 
o^ua regiia, or the blue hydroxide in hydro- 
chloric acid. It loses chiprine at 50^ is 


readily converted by heat into IrOI,. It forms 
double chlorides of the type M.Ira. with the 
alkali metal chlorides and with alkylamincs, 
rhe potassium salt K,IrCi, and the ammonium 
^It (NH^ljlrCij both form small black ocia- 
’ hedra, slightly soluble in water and almost 
msolublo in potassium or ammonium ohloride 
solutions, like tho corresponding platinum 
salts 'J'lu' sodium salt is also 

similar to the platinum salt, except in colour, 
and i.s fri«‘ly soliiblo, as also is tho barium salt 
(lliinbar'h and Korten, Zeitsch. anoig. Chem. 
1907. 62. 400; Delepino, Compt, rend- 1909, 
149, 1072; thid. lOOH, 140. 1207 ; V^izes. 

, ibtd. 1.‘192 ; Gntlner, Zeitsi'li. iiliysikal. Chem. 

1909, 09, 304 ; (lutbior and Ivu'ss, /.c.). The 
iridichlondi's, when reduei'd, yi<‘ld tho iridio- 
chlondi's Similar bromides niid iodides of 
irnlium also (‘xist. iSev. also Delepim*, Hull. Soe. 
ehim. I9N, fiv.] 16, 231, 207, 438, 606. 

Jiidium forms ammonium or ammine deriva¬ 
tives similar in constitution to tho platinum 
eompoumls and corresponding to tlie chlorides 
IrC'l.j, ; also a senes of compimnds eorre- 

snomhng lr(’l;,. iunl amilogoiis to tho efibaltic, 
ohromic. and ihodie comp<niii<fs, 

Wlieti ii'idiuni chlondo is tn*atcd with 
ammonia, double salts fr(Ml 3 );,Cl 3 . 

Ir(Nir3)4.Cl3,llaO, 

and JrfXll.diCIa.lIjO are formed. Iridium 
ammonia chlorohydroxide, sulphate, thionate, 
oxalate, nitrate, ami a number of lialidc deriva- 
tiv(\s are also known (PahmwT, Zeitsch. anorg. 
Chem. iHO.i, JO. 320; ibid. 1890, 13. 211 ; see 
also Myiius and Dietz, Ber, 1898, 31, 3187). 

Comph e indium ntinUs and their chloro 
an<l oxalic acid derivatives have been prepared 
(.lolv and li(udi«'‘, (‘ompt. rend. I8tk'). 120, 1341 ; 
L'idi^, ibid. 1902, 134. 1682; Bull. .Soc. chim. 
1902, fill.] 27, 930; V(^zos ami Duflour, ibid. 

1910, |iv.] 7, 607, 612; Miolati iflid Gialdini, 
Atti.^l. Acend. Linoci, 1902, fv.) JI, ii. 161; 
WiTncr and Vrii's, Annalen, 1908, 304, 77). 

Iridicyanldes resemble tlie ferrieyanidcH and • 
are described by Martins {ibid. 1801, 117, 357; 
ficr also Bimbach and Korten, Zeitsch. anorg. 
Chem. 1907, 62, 400). 

Iridium sulphides IrS, Ir^Sg, Irb *2 (Antony, 
Gazz. chim. Ital. 1893, 23, i, 184, 190), and the 
ammonium jicntadecosulphide (Nil 4 ) 3^814 (Hof¬ 
mann and lldchtlon, iter. 1904, 37, 245) are 
knowia 

Iridium sulphate Ir(S 04 )| is a yellow-brown 
mas.H which when w'armod with su^hurio acid 
is reduced, giving a green solution 01 the sesqui- 
sulphate lrj( 8 () 4 ) 3 ,OHjO (Kimbaoh and Korten, 
l.c. ; also l.<ecoq do Boisbaudran, Compt. rend. 
1883, 90, k40# and 1551). 

Iridium sesquisuiphate form's* alums with 
ammonium, thallium, and the alkali metals, of 
the type Ir j(S04)a'MjS04,24H,0 (Marino, Zeitsch 
ano' Chem. 1904, 42, ^13; Bimbach and 
Korten, Lc. ; Del^pino, C!ompt. rend. 1906, 142, 
63f). It also forms sulphates of the cype* 
Ir(SO^r) 3 ,H ,0 (?) or Ir,(S04)a*3M.804,HJ0 
which are bluilh-greon in* colour, and are 
decomposed by ammonia and alkali hydroxides 
with precipitation dl a violet oxide of iridium. 
The contained sulphuric acid is not precipitated 
by barium (Dbi^pine, Compt. r^d. 1906, 142, 
1525). 
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According to Delepino iridium forms two 
series of disuliihates : (1) green salts, gencralJy ! 
acidic, deriv<*u from the acid 

H,lir(S(),),(0H)H20] 

(2) r<Mldi.sh-l)rown basic salts derived from the 
acid H;)lIr(.S<) 4 )_,(()}i)._.j (Compt. rend, IIKHI, J4!), 
7Ho) lie fias also obtaiiUMl green pyridinc' do- 
rivnHves ( ihid . 151, 878). 

J>ouble salts iri'Woa.s Hulfibitf linv<! been 
described by Seubert (IJer. 18!»8, 11. 1701). 

Indium HfUnide (Obabrie and lioiK-honnet, 
Comjit. rend. 11)03, 137, 1030); o . mla!(-s (liial- 
dini, Atti. R. Aecad Lineei, 11M)7, lv.| 10, ii. 
551, 048; VtVes and DulTonr, Bull. Soc. eliini 
11)07, fiv,] 5, 801), 872) ; phoHjihor lialidf s (Stre<-k(T 
and Selmrigin. Ber. 11)01), 42, 1708) ; and 
mrrMplidc (Ibtfinaun and Babe, Zcitseh. anorg. 
C'hcrn. 181)7, 14. 21)3) are known A. J \\\ 
IRIDOSMINE .)!■ OSMIRIDIUM. A mitive 
alloy of iri<liurri and oMinmn crystallised in the 
rhornboliedral syslem. Analysi's slmw tlie 
following range in eomjiosition : Ir 10 0-77 2, 
Os 17-2 80-0, l*t ()-l() l. Bh 0-17 2, Hii 0-8-1). 
Fe0-J r>,(‘u () <)!) p e., IM tniei's. liiduiin and 
osmium replace «ine anotln-r isntnoijiljously, ' 
the former usually pnalonunai ing. and the names 
nri'i/auskitc. {osnnndmni) and or 

sis-serskite (indosmium) are applied to mmnbers i 
towards tin* two ends of tiu' sc'nc.s respc'ctively 
drystals have (he form of hexagonal phitc.s, 
which possess a perfect hasal cl<‘avag<‘; but more i 
often tb(‘ mineral is found as small flattened ^ 
grains ot irregular oiiilimx JSnggets consisting j 
of an aggregate of seales, and weighing up to 
(H) grams, have bis'H found in 3'asmania. 'J'bi' 
material is tm-white to lead-grey witli bright 
metallic lustre, the eolour being lighter in 
nevyanskito and darker m syscrtsklte. It is , 
somowduit brittle or only shglitly malleable, 
H. (>J-7 ; 8Ii.gr. 18'G-210. It is uniit tacked by 
aqua rogia ; and in t he trc'atment (d enule 
platinum (with which indosminc is ♦) often 
associated) it remains m the residues. At a liigh 
temiiorature sysertskite give the eharactenstie 
odour of osmium, but nevyanskiti^ is not decom¬ 
posed. Decomposition can be etfected by fu.sioii 
with nitre, the jiroduid being soliilile in wati'r. 
The mineral is found Hparingly in certain* 
platinum ami ^old washings, espi-cially in those 
on rivers draining regions of peridolite and 
serjientino rocks. Its occurrence m situ has 
been rx'eotxled from Nizhni-TagUsk in th4 Urals 
and at Bald Hill in Tasmania. Localities are 
in the Urals, Siberia, and Caucasus, particularly 
m llovt. l*erm, c.g. at Nevjanak and Sysortsk 
(on Kussian localities, sec V. I. Vcriiadsky’s 
descriptive mineralogy, vol. 1, St. Tetersburg, 
1908-1914 ; /i-ARslalion, in part, ih Mining Jour. 
liOndon, 1912, 98, 851); Japan, Borneo, New 
South Wales, Victoiia, Tasmania, New Zealand, 
British Columbia, QuoIkk;, Oregon, and northern 
California (hero luther abundantly in the 
aurife^us bea.ch sands), San Domingo m^tho 
W'est Indies, Colombia, and Brazil, in South 
Aflica it has been detected m the heavy*joncen- 
trates from the auriferous banket of the V\^t- i 
watersrand. The most profitable occurrence is j 
that in the Savage river ^.nd other tributary ; 
streams of the Pieman river in north-west 
Tasmania, whiih rise in the district of Bald Hill 
where peridotites (harzbui^ite) and pyroxenites 


(onstatite-rock) with eecondary serpentine rocks 
are exposed. In this inateijal osmium pre¬ 
dominates and very little platinum is present; 
analysis gave: Ir and Ilh 33-80, Pt 0-37, 
Bn 819, r<l 0-21. Au 0-04, Fe 0-30, Cu trace, 
Ob (dilf.) 57-09“l()0 p.c, Rji.gr. 18 87 and lO'S. 

On account of its hardness and resistanco to 
corrosion, tJie mineral i.s used directly for tipping 
the gohl mbs of reservoir-pen.s, for surgical 
needles, watcJi jnvots, an<l compass btiarings. 
Selected grams fnso from llakiuess are soldered 
w'lth .silver on the gohl nibs, which are then 
split by a rotating metal disc charged with 
diamond jiowiler, and finally ground down to 
shajx;. Offtier mateiial is used for hardening 
jilatmuin (for use as standard weights, jewellery, 
Ac.), and as a source ot indium and osmium. 

AV/nra,fv,s.—J. F. Keinj), The gi^ological 
relations end distribution of platinum and 
associated metals. Bull. U.S. Ool. Survey, 1902, 
No. 193; W. II. Twelvetrees, The Bald Hill 
osmindium fieJd, Jiull (ieol. Survey Tasmania, 
191 f, No. 17. Scvcral(15)amil.\sesof niilosniino 
from Borneo uie given by U. J*. (Jhenuk, Trav. 
Ueol. Mus. Ai-ad Sci. Si. Petersburg, 1912, 0, 
49. L. J. S. 
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IRON. Sym. Fe. At wt. 55-84. Ui4onj.— 
Iron has been known and jinzed Iron the very 
carlu-st lustoncal jicriod, artides ot the metal 
having been found among tlie contents of tin; 
(Iri'at Jh yaimd ot Kgypt-, wlieie they are believed 
to liave M'lnained fur 5000 years. Iron was also 
used in Nineveh in eon-siderable quaiifiiies, and 
in the British Alusoum are jneks, hammeis, and 
saws made of iron, found by Layurd in tb(“ rums 
of Ninev(‘h, and winch arc laJicved to be ol a date 
not later than 880 ii.c. Iron is frequently men- 
lioiied in the earlier hooka of the Bible ; it waa 
mueh prized by the ({reeks, and was discovered 
by Sehlieinann m the ruins of Mycena?, which 
was destroyed b.o. 501. The Chinese were 
acquainted with the use of iron at a very early 
period, and it was also highly valued and much 
worked by the Bomans. The metal emjdoyed 
in all tlie above m-stances was obtained by (brcct 
reduction from the oii>, by methods very closely 
resembling those still in use by scmi-barbarous 
peoples m various parts of the world. In Eng- 
(anil iron was largely v«>rk(4t by the Romans, 
and in the Forest of Dean there are still to be 
seen remains of these old llomaA workings, 
whilst the partly reduced slags left by the 
Homans were in more modem times employed for 
many years in the blast furnaces of that district 
as a source of iron. At the Norman invasion 
Gloucester possessed a considerable trade in 
iron, but until the introduction of coal Sussex 
was the chief scat of the manufacture in this 
country. The exact date at wliich the blast 
furnace was introduced is not known, and it was 
prliiably the result of a gradual development of 
the more primitive he^hs formerly m use. 
Cas^ iron was, iiowever, known to Agricola, who 
died m 1555, and it was employed for cannon in 
this country in the year 1610. At this wriod 
smojl yiast furnaces were employed which were 
capable of producing about ^-10 tons of metal 
per weekf^tho fuel used being charcoal. The 
resulting pig iron ^as afterwanis converted 
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into wrought iron in a finery, or small hearth, 
not unlike the smith’s fire. The large quantities 
of wood omploved for the production of charcoal 
for this manufacture led to the introdu<’tion of 
various Acts of Parliament during tlio Kith 
century, whieii had for tlieir object the rostrio- 
of the ijulustry to certain districts, and a 
diminution of tlie waste oi valuable timber. Jn 
the early part of the 17th ccuitury Dud Dudley 
succeeded iii ‘ charring ' coal or pro<3ucing a <‘oke 
suitable for use in the blast furnace, but the use 
of coal did not Ijctroino general until after 
Abraham Darby had again sin-eeeded in the 
nmnufacturc of’ coke at (.’olebrook Dale about 
1730. The introduction of the steafi engine by 
W att led to the use of more powerful blowing 
inaelunery, and gave increased yields, wlueh 
again were much improved upon by Ibe ap[)lieu- 
tion of hot blast in 1829, by subse«|ucnt alU'ra- 
tum in the shape f)f the interior, and by tlie 
considerable increase in the .size and the capaiaty 
of the fftrnacea. Various iilher iniproveinonts 
have from time to tune been adopted, such as 
improved metliods of eal<-iriing the ore, and of 
eiiarging the materials mlo (lie funiace ; and the i 
ulihsatiou of the gases from the furnace for i 
heat ing tlu' blast, and for the blowing engiiK's, 
so that the pri^siuit outjnit of the be.st furnaces | 
IS about- 400 times that of the blast, furmu-es of j 
200 years ago, wliilst the eonsumjjtion of fuel I 
has been reduced to about one-liftli of that ; 
formerly employed. In eoimection with the j 
manufaotuiv of steel, t.ho cementation proci'.s.s 
is in various forms of very great antiquity, hut 
a notable improvement was (dTeeti'd by Hunts 
man, about 1740, by (he introduction of cast 
st(‘el, while a furtiier advance was made m 
1839. when Heath introduced the use of manga¬ 
nese in steel melting. Wrouglit iron, as b« fore 
mentioned, was originally jireparoil din'ctly 
from the ore, and at a .sub.sequent <latt‘ was 
obtained from east iron by the use of (he ojien- 
hearth finery. In 1784 (Virt patimted the pud¬ 
dling process, and m so doing laid the foundation 
of much of the prosperity of England during the 
century that lollowed. Hut m rec<*nt years 
the whole system of the manufacture of wriuight 
iron has bt^en rtivolutionised by the mugniheent^ 
inventions of Bessemer and .Siemens, by which 
the decarburised iron is obtained in the fluid 
condition. The metal then is eornnionly known 
as ‘ mild steel,’ anti h.c.*inet with such a variety 
of applications that for rail>, girders, guns, sliip- 
huildmg, bridge construction, and many other 
u.Hi's, it has gradually replaced the iron fibtained 
by tho puddling proces.s. 

Of later invention.s reference may be made 
to the introduction of the basic process, by 
Thomas, which rendoitnl phosphatic ores available 
for steel making ; the production of manganese- 
steel by Hadlield thus laying the foundation of 
the important series of alloy steels ; and the ; 
invention ot tho continuous process of steel 
making by Talbot. • 

Chief iron ores. Iron is occasionally found 
native, either in tho form of meteontes also gon- j 
taining nickel, or as metal which, by the action j 
ot heat and reducing agents, has been naturally j 
separated from the ore. These sources are, ; 
however, unimportilht, except for savage tr^ea, ; 
who are in some instances largely %ej»ndent ! 
upon such mothodif of supply. Iron is very 
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I widely distribiitt'd throughout the crust of tho 
I earth in various forms. On account of its 
I oheapncs.'i, and the readiness with which it com* 

, bines with various elements, such as sulphur, 
phosphorus, or arsenic, wliieh, if pro.sont in tho 
metal, would injuriously affeet its mcohanioal 
projierties, com}>aratively few ferruginous com¬ 
pounds are practieully available as sources of 
, iron. It i.s m-ee.-^'^ary if an iron ore is (.<> bo 
I profitably employi-d that th<“ working oxjM'nses 
j and carriagi* should be small, (hat. (he ore sliould 
! bo rich and n-adily redm-ed, and (hat it should 
, ho free from sulplnir, pho.sphorus, arsenic, or 
other impurilios which si-nously d(‘teriorale tho 
(piiility of lh<' iron. Such oros an.' practically 
either oxides or i-ai bonates. 

Oxides of iron. 'I’lii'se may be divided into 
tliree cla.s.Mes. * 

1. MnijnetiteM. Magnetic oxide of iron 
is tho riclu-sL oxkle of iron which occurs 
ill natui-c ; if pure, it wiuild contain 72 4 p.c. of 
, metallic iron. Its colour varies from hrow’nish- 
grey to iron-black ; it is bntt.le, magnetic, and 
pi'oduces a black streak. It (“rystalliNOS in the 
cubic sy.slcm, blit is generally found massive. 

It occurs in remarkaldo purity in Swollen, also 
in India, ami in immense quantities in the region 
ot I.ak(' Siipeiior. 'J’ho Swi'dish iron, which has 
.so long been famc<l, is made from this ore. 
lltiun/fc is ail impiin^ magm-tito containing 
t itamiim, which oi-eurs in Norway. Franklintie, 
whicii occur.s in New .h-rsey, may tie ri'gardod as 
a magnetite m whu-li the ferrous oxide is more or 
less ri'plaeod by oxidi- of zinc ; and (UtrotM Iron 
i Orr IS a magm-t iti* in winch tho ferric oxide is 
repla<*ed by oxulc of chromium. Magnetic iron 
j .sands occur on the shores of Java and New 
; Zealand, 

j 2. Rvd haimUilc.'i. J^tiio oxide (EcgO,) 

I occurs in a number of forms which possess 
■ diffon-nt physical characters, such gs Micace.ous 
j tron orr, SprcnUir iron ore, Kidney iron utonef 
[ &c. ^J’he.se form.s dilh'r in hardness, density, 
j and colour, but gives each a red streak. Rod 
Inernatiti' is gencrallv very free from phosphorus, * 
and is found in Cumberland, where it is employed 
in the preparation of a pig iron low in phos- 
j phorus, suitable for tlie ordinary, or^acid, steel 
j making jirocosg. Many of the ores of Spain 
and of th(? J..ake Superior district, buch as tnose 
of VoriniMion, are red haimatiUss, Hematites 
; are also obtained from Algiers, and from Cuba, 

' while tery huge depo.sits occur in Brazil. These 
arc all low in pho-siihorus. 

In tho Uniti^d State’s a deposit of phosphoric 
red fossil (hamiatite) ore runs from Clinton in 
the State of New York to Birmingham in 
Alabama. 

3. Broinn *hcemaliles Ferric oxide occurs 
associated with a variable amount of combined 
water in the different varieties of brfium hssma* 
tites. In colour these vary from light to dark 
brt.\vand they give a brow* streak. A sp^ially 
ricl^ pure, and easily reducible variety now 
imported in laige quantities from Spam, and a 
pure verfWety was formerly worked in the Forest 
of^ean. In NorUiamptonsbim and Oxfordaliiro, 
a brown iuematite is employed whiclk contains 
about 10 p.c. of silicft ana over 0*5 p.c. of phos¬ 
phorus. In Lincolnshire large deposits of a 
similar charactsr occur, but the silica is replaced 
by calcium carbonate. The minette ores of 
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Franco and tK>rraine, in the vicinity of the | higher than in any of the orep previously 
Rhine, although j)hosphoric, and containing mentioned, except, perhaps, in the case of the 
only about 30 p.c. of iron, are of this class, and impure brown hamatites. 
are among the most important iron ore deposits Bhch hand iron stonr is an ore which occurs 
of the world. Brown ores are also met with in chiefly in Scotland and North Staffordshire. It 
considerable quantities in the Unit'd Stat('a. contains a variable amount of bituminous matter 
Limonilr, Hog iron orrs, and Lahc ores are other which imparts a characteristic black colour, and 
examples of hvdrated oxides of iron oi'curnng in which frequently enables the ore to be calcined 
various hxsalities. Ijoleritc is found in India and ; without the addition of any extra fuel. In other 
other tropical eountues. It is formed by a . respects black band very closely resembles clay 
curious rejflacement of silica by hydrated oxide , iron stone. 

of iron. It is usually [)oor in iron, but in some In addition to the oivs previously enumo- 
loealities is rich and imjiortant.. rated, several other inatorials are employed for 

Carbonates, 'rhose consist eHsenlhilly of ; the production of iron, such as ‘ tap-cinder,’ 
ferrous carbonate (Fi‘(X).,), the notable difTer- j which is (“l^icntially ferrous silicate, and is pro- 
oncoa in character observed in various ores de- ; duced in the puddling process, It was formerly 
pending chiefly upon the amount and cliaracier j used for making a cheap phosphoric iron known 
of the im]mrities present These ores are widely i os ‘ cinder pig,’ but is now in demand for basic 
distribuUMl and of great imjiortancc. * | pig iron for 8to<’l making. Tap-cinder is only 

Spat/nc iron ore is the ]>urest form in which ! met with in quantities suitahh^ for tfie rcquirc- 
fernuis earbonatc occurs ; it has a jH'arly lust re, | ments of blast furnaces in those districts where 
and ts generally light brown in cnkxir. Tlu-re ; puddling has boon conducted fcjr a considerable 
are vi'ry extensive deposits of this ore in vaii<uis jvriod. ‘ Flue cinder ’ is a richer and purer 
parts of Kurope. notably at Kr/bcrg in Styria; ' silicate of iron obtained from furnaces in which 
the ore is usually free from pliosjiiit)i uH, Imi I iron or sti'cl is ndieated previous to rolling. The 
contains much manganese. j residue from Spanish pyrites, after the extraction 

(’lay iron stone is a less jmre variety of 1 of suljihur and copper, is commonly known as 
ferrous carbonate which contains clayey matter, , ‘ purple ore,’ and has been made into bricks and 
and was for many years the most important | used m the blast furnace. It is often used as a 
ore of this country; it usually occurs m the j fettling in the puddling process, 
coal measures. The ore is gcni'rally dark in The following (able will illustrate the ap- 
colour, and contains from 30 to 40 ji.c. of metallic ' jiroxiinate composition of the various ores of 
iron, assocuated with leas manganese and more | iron. It w'ill be understood, of (‘(mrse, that 
phospliorus tlian in the ]nirer spathic ores. 1 such mati'rials arc subjix-t to considerable 
(Hevehind iron slow is a variety of clay iron variations in (liiaraeter, and it lias been thought 
stone met with in the North Riding of Yorkshire, better to give approximate values deduced 
It is generally uniform in i-haraotcr and contains from a number of analyses, than to introduce 
about 30 p.c, of nudallic iron : it <!ontains little ' a mass of tigures detailing actual results ob- 
manganesi', but tlie percentage of phosphorus is tained. 

AT*vnoxiM.\TK Co.MrosiTioN or Iron Orks. 

Brown bsnmatite j Carbonate ores 

Lake ! | 

Superior North- Clay Clove- Black 

ore atnpton ; band land | band 

(Mesabi) 


Ferric oxide (FcjO^) 

Ferrous oxide (Fet)) 

G.''> ■ 

1>(> 

[ 85 { 

G5 

50 

0-5: 
47 

3 

40 

3 i 
41 ! 

Manganous oxide (MnO). 


— 

— 

0-5 

10 

2 ' 

1 

1 ' 

Carbon dioxide (CO 3 ) 

— i 

— 

_ 

_ 

3^ 

30 1 

25 

26 : 

Silica (SiO,) .... 

10 ' 

(> 

« 

13 

2 

10 ! 

8 

7 i 

Alumina (AlgOj) . 

_: 

1 

2 'o 

3 

_ 

5 

7 

3 i 

Lime(CaO) . . . . 


1 

0-75 

variable 

— 

2 

7 

2 ! 

Mfq^ncaia (MgO) 

i 

— 

0-5 

— 

— 

2 

4 

1 

Phosphorus jicntoxide (VjOj) . 

trace 1 

trace 

022 

1-3 

trace 

00 

1-5 

0-6 

Water . . . , . 

, — i 

— 

5 

U 

— 

1 

2 

1 

Organic mai>U*r 

*— 1 

— 


— 

— 

trace 1 

trace 

16 ! 


A full account of the occurrence, properties. . are, however, treated before smelting. The 
and supplies of thtf chief iron oi*es of the world ] mechanical preparation . of iron ores is very 
ha« fcwn prepared by the Imperial Alin''ral I sifilple, and consists of a rough assortment of 
Ripsourcos Bureau, aml^ is noiv in course of ; the size of the materials to be employed. In 
pubUcatinn ). * *‘‘‘ i sonre cases the larger pieces are broken by hand 

Preparation o)' iron orcs.-^^The greater ^ijirt 1 or suitable crushing machinery, whilst in other 
of the iron ores now raisi'd are chaiged into the | instances the very fine ore is separated by 
blast furnace without an^* special preparation. I riddles, and briquetted, or sintered, or used for 
Anhydrous oxides, such as l^ke Superior ores, other pui^ses, as it would-be apt to choke up 
do not require calcination, excedt in some cases, ‘ the blast lumace. Poor ores, such as those 
to remove sulphur. The chief European ores Cleveland^ are chaiged in larger pieces than tlM 
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richer h£enia<;^tie8 or magnetites. Non-calcarc- 
ons ores, which contain iron pyrites, are fre* 
qiicntly weathered for a few months, and the 
sulphur, becoming oxidised, passes away in 
solution as ferrous sulphate. Sliale is also 
removed by weathering. 

Ma'fuetic Concentration is employe*! for Die 
separation of gangue, pyrites, or caleiuni pluw. 
phato. Tho magnetic ore. such as tlial from 
Scandinavia, is crushed and passed either wJien 
drv on a rcv<ilving drum or belt in front, of power¬ 
ful electro-magnets ; or the eru.slu'd r>re is nuxi'd 
with water nn<l caused to flow in front ot (he 
niagm^ts. In oilier oas(>.s tho iincly cruslied dry 
ore 18 allowed ki fall past terminals eltirgcd with 
electricity of Jiigh jiotential. Th(‘ richer and 
purer particles become eharg<al ditTenmtly from 
the gangue, and may be deflected into separate 
bins. (5res wliieh are not oriLo’nnlly magnetic 
often become so on roast ing, an<l may be success¬ 
fully treated jirovidc'd that the imjmrith's ai*e 
mecihanicdlly separable and not intimately 
mixed. 

('alciiinfion- }>]any iron ores ate cab ined 
la'fore being used in tin* blast fiirnac*'. the 
Ix-mg to remove volatile substances .such as 
.sulpliur, water, carbon dioxith*. ar.si'iiic. A'o., ami 
to comauitrate (he iron in tho residue. Tv’o 
other important objects ar(‘ also gained by 
calcination ; in the first jdaci' tlie iron is r>xi(ljse<l 
trom tho ferrous to the feme eomhtioii, which 
pi-events t he formation of scouring slags, rich in 
ft'rrous silicate, during reduction in the blast 
furnace; ami further, (he material is rendered 
mucli more porous so tlial it is more n*ai!ily 
acted upon by tlie gases of tlie furnnee. lrf»iii 
the above remaiks it will be evident that some 
OH'S, sucdi as red haimatites, do not recpiire cal¬ 
cination. Ores which are m a state of fin*' 
*livision, such as much of the ore from the Lake 
Superior district, are not calcined. Fine *)i’es 
are frequently brifjueitt'il, and (he briquettes 
are generally ealcinetl before use In tho blast 
furnace. Wdion calcining, it is nts’cssary to 
r('gulat.e the temperatur*' a.s carefully as jiossibU*; 
with lf)W temperatures the ore is insufficiently 
cah’ined, whilst if the lieat be too great, or too 
much fuel is employed, the materials clot 
kigcther and much of the benefit otherwise 
obtained is thus lost. Calcination is often con¬ 
ducted in open heaps, or between rectangular 
wails, exactly as iii^inL lAse of many ores of fitlier 
metals; but these method. ai*o costly in fuel, 
space, and hJLiour, and are apt to give irregular 
results, HO are chiefly used for roa-sting tap- 
emder in Staff*irdshire, or the black hands id 
North Staffordshire and Scotland, in which 
latter case the ore itself contains the ncce^sarv 
fuel. Kilns are now very generally employed 
for calcining, and in the Cleveland district the 
use of large circular kilns, constructed of iron 
lined with fire brick, is almost universal. In 
such kilns the ore and fuel are charged in at Uic 
top, and the calcined material removed from flie 
bottom, the operation being continuous; in 
such kilns calcination is well under control, fi|el is 
econoraisei and labour is saved. Rectangular 
kilns, fired with surplus gas from the blast 
furnace, have been introduce both in the JJiyted 
Kingdom and elsewftere. •, . 

Prodticlton of pig i>o».-“The ore, havuw if 
necessary been prepared a^ before described, is 


now iVneUed in the blast furnace to produce pig 
iron. For this pur^ioso it is intixiduced at the 
top of the furnace together with the fiux neces¬ 
sary to form a fluid slag (or ‘cinder*) with the 
gangue of the on*; fuel is also added in sufficient 
ipiantity to melt the materials and to reduce 
the inin. The air neoes.8ary for combustion is 
introdm^ed near the bottom of tho funiaco, 
having l)*‘**n bl*>wn. ami usually also heated, by 
Hiiitabli'apoliam'es. 'I’lie oporatimi is ('ontinuous, 
a fiiriiai'O tn'ipH'iitly working witlioub any im- 
’.orlant stoppage for a nuinhor of years. The 
wh*>Ic of th(' inatcrials iiilroiluecrl into tlio fur* 
na*'e haw I’ltlicr to be m('lt<*il and flow off from 
tho bottom as iron ami nmh'r, or to 1 m* converted 
into vapour and pass off as ‘ waste gases ’ from 
the top. 

The hhi^t furnner .—The earliest tyjio of blast 
furnn*<' is .shown in J''ig. 1, which repn'Hcnts 
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a form cinployeil on the Continent for tho pro¬ 
duction of wrought iron alxmt 5{K) yea’^s ago. 
After th*' furnace had lieen heatcMl, one and fuel 
wore introduced at tlic k>p, and blast from below; 
the result was the pro<luction of a bloom of 
wrouglit id>n, which, owing to the low tempera¬ 
tures of Huch funuiCOH. was never melk^d, but wm 
removal by taking down the brickwork at the 
front of the furnace. Doubtless in some of the 
larger furnaces of this description 08 >st iron 
wouhl sqinetinies be aeoidcntalfy obtained, and 
as the value of this material for castings, and 
for the direct p oduction of wrought iron by 
means of tfff. finery came to be recegnised, cast 
iron would be regularly ma<le. This change was 
probably introduced early in the I6th centn^, 
and the furnaces gradually increase^ in size 
until ‘hoy were capable *lf producing about 
*20 V^ns of pig iron per week, using charcwl for 
fuel. About two centuries ago coke was intro¬ 
duced A fuel in tho blast furnace, and the size 
an^ production wore slightly* increased. Since 
this period enormous changes have been intro- 
ducea, commencing %ith the use of coke about 
1735; of hot blast in Scotland in 1829; the 
adoption of rcfcnd and larger heftths in Soutii 
Staffordshire •about 1835; the utilisation of 
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tho waRt<^ gasoft; the largely increased height | important source of potash in the United King- 
and capacity a(loj>tcd in the Cleveland district ^ dom. The furnace itself is ^er/ light in con- 
shortly after 18i>0, and the use of hot blast stoves I struotion for so largo an erection, which is 
on the regeiMTative principle. A remarkable intended to contain a great weight and to resist 
development took jilace in West Pennsylvania a very liigh temperature. Tlio outer casing is 
about and as a ii'sult of easily leducible of iron plates riveted together, and the furnace 
ores, snmilei and steeper furnaces, iughcr blast is linijd witli refractory lircbrick. The blast is 
pressui-e, ami inri'eas(‘d engine power, a weekly deliviTcd into the furnace by about six twycre, 
I>rodncti<in of nearly fiOOO tons of pig iron p(‘r wliicli are connected with the hot blast main. 


Turimec has ix-f-n attained. Pig. 2 lepresenlM a 



and whicli ni'e wat(‘r-jack«*ted wIutc they enter 
tile furiKU'c to prevent them being rapidly 
tli'siroyi'd by llie high temperature.. The 
following summary will illustrate tlie nature 
of the jiroducts, and ( he approximate weight of 
tlu‘ e|iarg«; emjiloyed for the jiroduction of 1 ton 
(>1 No. II Oi meshy (Uleveland) hot blast pig iron : 


Cliargf cwt Triiducts cwt. 

Calcined iron stone 4H Iron . . 20 

Limeslone • . 12 Slag . . .30 

Hard Diirliam coke 20 

Blast . . U)(» I Waste gases , 130 

0 (ons 0 tons 


In woiKing jieher ores, such as liicmatites. 
th(^ amount of limestone and oio employed 
wouUl he less than the quantities required in the 
t'lcv<‘iau{l district, and the weight of slag would 
b(‘ jiroportionately diiinnialied. To }»re)>aro a 
No. 1 jiig iron tlie ijuantity of fuel used would 
he sonu'what greater, whilst with a No. 4, or a 
white non, rather less tuel wouhl l>c re([uircd ; 
th(‘ weight of the blast and of the waste gase-s 
wouhl vary I'on'espondingly. I’snally the only 
material ailih'd as a lliix is limestone, whieii 
IS .sometimes burnt before being charged into 
(tie lurna<(‘. Otiier fiu.xes are often m- 
ilircctly ad<l<‘d m the form of iron ori'S rich in 
aigillacfsius or almmnous matter, as mixture.s 
ot ore are frequently nia<le to obtain a more 
fusible eindiT. The fuel most generally used is 
liard coke, free from sulphur, and w'ith as little 
asii as possible. Kaw bituminous coal is used 
in Scotland and North StalTordshire and in 
parts of the United Stales, though lower furnaces 
arc necessary as the fuel is more friable. Mix¬ 
tures of coal and coke arc not uncommon, and 
anthraeite is emjiloyed in Kastem Peimyslvania. 

( (iharcoal is still used on the Continent in Sweden 
and in some jiarts of America (particularly 
Michigan) for the production of a sujierior class 
of iron where coal is scarce., 
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Cleveland blast furnace, (he height of wliieli 
would be about 80 foot, its capacity about 
2.'),500 cub. ft., and tho weekly ])rodu(*lion of 
pig iron varying from 500 to about lOtK) tons, 
aceonling to the character of thy ore used, the 
temperature^ and prc.ssuKi of (be* blast, and 
other circumstances. Such a funmcc is closed 
at the top by means of tho ‘cup and cone’ 
arrangement, into which the niatiuials are 
charged, and delivered into the furnace at 
BuitaWe intervals by lowering the moveable* 
cone. The combustible gases are conducted 
by means of suitable pijics to the rcgAierative 
stoves employed Jor licating the blast, or to 
boilers re<[uired for raising steam for the works. 
A portion of the gases is oi.ivfully cleaned from 
dust and used for power purposes in gas engines. 
The dust redivered from the cleaning of tho 
gases is rich in potash salts, and !«is become an 


Any moisture whicl/is present in the blast is 
decoinjiosed in the furnace hearth, with the 
formation of hydrogen and carbftn monoxide, 
and absorjition of heat. Hence blast furnaces 
work better and more economically in cold dry 
weather. Gayley has successfully introduced a 
method of drying the blast, by ndrigeration, 
before it is passed into the hot blast stoves. 
With large installations this leads to greater 
regularity of composition, increased output, and 
lower fuel consumption. 

The chief changes wliich take place in the 
blast furnace may be briefly- summarised as 
follows. The ores in the first part of its descent 
18 rapidly heated to low redness, at which tem¬ 
perature tho carbon monoxide, wliich at this 
point forms about .3(i p.c. of tlie furnace gases, 
redi'ces the ferric oxide to metallic iron; thus 
* Fea0j+3C0==Fe^,+3C03 
Tlie iron is not mel^ at tliis low temperature. 
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but remains, as a metallic sponge which if intervals of about 12 hours, into moulds roughly 
brought in contsict with the air would rapidly made in sand. The product is cast iron,*but 
burn, and so reproduce ferric oxide At a part on account of its ImnS cast in long pieces of D 
of the furnace slightly lower than that at which section, which arc called ‘pigH,^Liid which 
pduction 18 chiefly accomplished tlie limestone Reneiallv weigh about 1 ewt. eaeli, this variety 
18 decomposed, carbon dioxide U-ing evolved and of east, iVon is commereially known as pig iron, 
hme produced ; thus CaCO,-CatH CO,. Diir- For steel mahiug tlie iVou is usually taliped 
mg t}»o next stage of the pmeess, which occupies 

more time 1 han either of the otiiers. t Ik' matcruils \ 

gradually descend to tlic boshes of the furnace, 

and in so doing absorb heat, fnun tJie ascending //\7/ 

gases. Carbon m a state* of rninntc subdni.sion 
produced by tlio reduction of carbon monoxide, is ' 
also dgfiositod in the porc's of the spongy iron, 

whieli becomes more and int>rc carb^ised as it /'/ 1^ 

descends to the hotter parts of tin* furnace wlieii! ,v' I rS 

fusion takes place. In passing from the boslies /// / nb I 0 

to the hearth the temperature is siitlieiently high : // / \J/m p*> A A* ^ 

to cause the combination of the silica in the , // // 

garigiie witli the lime, alumina, and other bases 1 

in the eiiarge, and thus to form a lliiid cinder, // /vJvfv jV^ 

which s(“paratc.s from th<- now molten iron, tin* // jj fli j 1 

latter sinking to t he bott-fun of the hearth, while // jfLi! I 

the slag, on account of its rejutivel:glitiies.s,/htat.s / / fhi| 1 

on the top. Tlu’ ciiidei' is ei(h<‘r // jf\W I'l'i I i 

tappeil off at intervals, or is / ' i lli' I I i 

allowi'd to flow regularly olf / / iL^i I; ' j 

tlirougli what is known as the / / 1 ‘i 

‘ slagging hole ’ Tlie iron is allowed / / //\W f,' j j *] 

to accumulate, and is then tapped // j ^ l|; 1 I | 

olf from a lower point, usually at / / lL<W } ■ I ( ^ 
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off more frequently, and conv’cyed while still 
fluid, in ladles holding, say, 20 tons of metal, to 
the steel works. 

Shaft furnaces are also employcfl for pro¬ 
ducing cast iron, by heating with the eleetific 
current, in countric.s such as Sweden, where 
electric energy is cheap. Tiie reduction*is 
accomplished oy means of charcoal, and the 
fuel consumption is only about one-fourth of 
that required in the coke blast furnace. T’his 
branch of the iron isduatry is as yet conduced 
only on a relatively small scale, but co&dorable i 
prepress has already been made. The gases 


from such furnaces are small in volume, and of 
low calorific value. 

f KMicAL Properties of Cast Xros. 

'IJio metal obtaineii as just desenbed is no 
means pure metallic iron, but usually contains at 
least 5 jAj. of other materials, such as earboiS, 
sitiqpn, suljihur, phosphorus, manganese, chro¬ 
mium, &e., &c. The element which imfiarU tike 
chanuiterUtic properties to cast* iron is carbon, 
which is present to the extent of at least 1*5 p.o. 
Under ordinary ionditions the maxiAium amount 
of carbon foun4 in pig iron is 4*25 p.c., but in 
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the presence of much manganese this amount 
may be considerably exceeded. The carbon is j 
resent in cast iron in two distinct conditions, i 
nown respectively as ‘ graphitic ’ and ‘ com- | 
binod.’ [ 

Iron and carbon unite to form a definite ‘ 
carbide Fe,,(:, and it is probable that in molten I 
cast iron the carbon exists in solution in this 
form. 'I'his carbide is retained in solution if tlic ; 
metal is rapidly cooled, but on slow cooling, or 
eouverecly by long beating to a temperatmv of 
the carbide decomposes into the more 
stable condition of iron and graphite. Silicon 
assists the dccomjiosition of tlie carbide. The 
graphite is of two kinds, jtriiiiary an<l secondary, 
j’riinary grajiliite is iorincd at alxmt 
and occurs irj relatively largo flakes; it causes 
the iron to be soft and weak. Secondary grnjiliile 
or ‘ tomjMT carbon ’ is produced by decom 2 )osi- 
tion of tho residue of the carbuie at a lower 
temperature (TOU'^'-SOtf'). It is stnalU'r, innie 
evenly di.stributcd, and Iho metal is soft but 
strong. 'I'he carbide may exist in solid east iron 
m two forms, one of which separates at about 
bSO" (the rccalesccncc jioint), and Ciiii he seen 
by tlio microscope. 'Pfie otlur is retained in 
solution at tin? ordinary Icinpi'raturc, and hence 
cannot be seen in raicro-si'ctnms. Tho latter 
IS Bometimes called ‘ missing ’ carbon, ns it is 
in>t determined in tho ordinary Kggertz (‘olour 
lest. 

ijrajihitic carbon ixmdcrs the iron (/rcy in 
fracture, soft to the tool, and capable ot taking ! 
a ahnrj) impi-cssitm of a mould, ('oiiibined j 
carbon gives o white fracture, the metal is very i 
hard, it melts at a lower temiieraturc, but is ! 
never so fluiil as in tlio case of grey inm. \ 
(Jraphitic carbon may bo sejiarated from tlie ' 
metal either by meclianioal oi chemi<‘al processes, , 
and may bo obtained in eitlicr of these w'ays in ' 
a state of*great purity, (’ombined carbon, on 
tho other band, cannot be mec hanically separated 
from cast iron; whilst if white iron beMreated 
with an acid, Buch as hydrochloric or Bulpliurie, 
tho carbon paBSCB off in the gaseous condition,, 
with the hydrogen evolved, in the form of badly 
smelling hydrocarbons. 'J’he graphitic carbon, 
on tho ether hand, would in a similar case be 
left behind in the insoluble residue. Iron which 
contains combined and graphitic carbon in 
nearly equal proportions has a characteristic 
fracture, and on this account is called ‘ mottled ’ 
iron. Slow cooling produces grey iron, while 
rapid cooling, or ‘ chilling,’ produces while iron. 

Silicon is always present in cast iron, the 
amount varying fi*om about 0’2 p.c. in Bp<H‘ially 
pure Swedish iron, to upwards of 18 p.c. in some 
varieties of ‘ eilioon pig,’ whi^h are specially 
prepared for certain purjioaes. Still richer 
* ferro-sUicons,’ containing up to 50 or even 
00 p.c. of silicon, are prepared in tho electric 
furnace. In ordinary pig iron the usual limits 
arc from about r to 4 p.c. The melting-point 
of pure iron (circa 1515'’) is reduced to ,•445*'’ 
;whon tho ailicon content is 1‘5 p.c. As the 
sHicon content is measured the m.p raised to 
1616® (3 p.c. Si^ and then falls again to HlO® 
(6 p.c.’Si). A T p.c. Si alloy melts at 1427® 
and the fusdoh point falls regularly to 1256® 
(14*3 p.c. Si). When present in large pro¬ 
portions gikeon renders the ^ig hard, weak, 
and brittle; it is also quite umuitable for use 


in the puddling furnace on account of the waste 
of time and the injury to <the lining of the 
furnace. Silicon, however, renders cast iron 
soft, Rtrong, and grey when present in suit¬ 
able jiroportions ; and silicious irons have been 
largely used in the foundry on this account, as 
they allow of the use of larger quantities of 
foundry scrap, which is white and hard. They 
also allow' in many cases of the employment of 
cheaper irons in foundry mixture.s (Turner 
ChcMii. Soc. Trans. 1885, 577, 902; 1886, 130). 
For such jmrposes tho amount of silicon should 
vaiy from about 0*8 to 3*5 ji.c., according to 
tlie siz<? and cliaractcr of the work; the lower 
value woUkl be employed for chilled rolls or 
other purposes where crushing strength is desired, 
w'liilst iho higher value would be preferred 
wliere fluidity and softness are necessary. With 
higher silicon acid-reslstiug alloys are obtained. 
I'laially between 15 and 20 ji.c. of silicon is 
, added for this ]mrpose. With more silicon the 
! alloy is less fusible, and more dillicult to cast. In 
I the blast furnace high temjicratures and siheious 
[ slags favour the absorjition of silicon. 

I Sulphur is geiuu’ally present only in very 
i smalt quantities in good oast iron. With much 
I suljiliur the metal is while, hard, and unsound 
{in the foundry; and if converted into wrought 
j iron or steel the jiroduct is red-short, and 
j useless. Jii th(5 blast furnace hot working, a 
slag rich in lime, and the presence of either 
silicon or manganese m the metal, prevents the 
absorption of sulphur. 

is always present in pig iron; its 
reduction is favoured by hot working and basic 
slags. Spicgci-cisen is a wdiite iron, containing 
upwards of 5 p.c. of manganese. With 20 p.c. 
of manganese or upwards, the metal is known 
as ferru-tnanganese ; it frequently contains as 
much as 86 p.c. of metallic manganese. Both 
spiegel eiaen and ferro-raanganese are used in 
I steel making, as additions at the end of the 
' operation, the object Ixiing to add a little man¬ 
ganese to tho bath of metal to prevent red- 
I sliortncss. 

Pig iron, whicli contains manganese, is 
generally low in sulphur; this fact has been 
applied to the production of a special pig for 
use in the basic process, where both sulphur 
‘ and silicon are required to be present in small 
' quantity. 

Sulphur is removed froAi fluid cast iron for 
steel making by tho use of ‘ metal mixers,’ 
which are large vessels or furnaecs capable of 
liolding about 250 tons of fluid metal. If the 
iron does not already contain sufficient manga¬ 
nese that element is added, and manganese 
sulphide separates and passes into the slag. The 
desulphurised metal is drawn off as required 
and fresh iron added, so that the process is 
simple and continuous. Metal mixers also 
equalise the content of silicon, and this element 
may be considerably reduced in quantity by 
> Adding oxides of iron to the mi^^er slag. 

Pkosphorm varies from 0 02 in best Swedish 
; onhssmatite iron to upwards of 3 p.c. in common 
; cinder pig. In the case of each of the elements 
j previously considered only a portion of that 
I wj^iqb is present in the blast furnace charge 
passt^ mto the metal, Hut with phosphorus 
practically the whole of that which is present in 
I the materials usefi passes into the pig iron,' 
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For foundry and forue purposos probably a little a cloaner and mui'e uniform metal, which can, 
phosphorus is" acVimly beneficial in cast iron ; i if nooesaanr, bo tested before use. For the 
but in the case of wrought iron or steel its \ majority of purposes ‘ green sand moulding ’ is 
presence is highly prejudicial, as it produces i adopted, a pattern being first prepared and an 
remarkable brittlene.ss in the metal when cold, j iinpressitni obtained in line sand, which has 
Hcnco in the manufacture by the ordinary or been previou.sly mixed with a sinall proportion 
‘ acid ’ process, of either Bessemer or Siemens of carbonaceous matter, sucli as coke dust. For 
steel, only such pig iron as is free from phos- i special work, or intricate forms, other varieties 
phorus may bo employed, since by tlie acid of inoufils are prepared, wfiieli arc often of loam ; 
process no phosphorus is removed. For irons tlie.se are supporti’d by masonry, and braced 
containing phosphorus the ‘ basic ’ proce.s.s iiiu.sl with tie rods, A-c,, as may be found necessapi. 
bo employed if they are to bo converted into Sueli moulds are earefully dried lieforo lieing 
stool (e. infra, p. 873). A selection of ivjireseiila- used ; in some eases drying is ]iertormed in stoves 
five analyses of cast iron will bo found in Tables at a low red heat, in oilier mslancea by ineatts 
at tlie end of this article. * of a lire winch is placed inside tlie mould. In 

Grades of fig iron. —For a great number of the latter ea.se gaseous fuel is eoininonly ein- 
usos pig iron is sold by the appearance on ployed, (ireen .sand moulds are nut dried before 
fracture A pig which is very grey, with large use; wliero Uiey can he employed tliey have 
crvstals is called No. 1 ; 11 the fracture shows the advantages ut rapidity imd economy, 
smaller ’crystals it is calk'd No. 2 ; with still Iron, when remelted in the foundry becomes 
closer grain it would be sold as No. 3 or 4. 11 harder, owing to tlie elimination of silieon and 

white and grey are mixed It is called moll led; I the absorption ol suljihur. lienee m soine 
when graphitic carbon almost entirely disappenI S . eases, when the metal is originally too soil., a 
it is called wllite. (In account of their softne.s,s ] great imiirovement is notieed on remeltllig 
and lliiidily Nos. 1,2, and 3 arc chielly employed i several times ; but in ollii'r eases I’”'"'; 

for foundry purposes, and usually commoml a inent i.s observed and fieiiiiuill.v dctiiiorallon 
somewhat liigheJ price. No. 4 is largely irseil in ; results. J any obseryers “'""■‘f 
tlie iiuddlmg process, and would lie called a I'aiibaini (Brit. As.soe. Report, IS.i.t, Ki). have 
lorgj or ‘strong ’ iron. No. 4 is also eniployeil , stated that iron is im)irnved liy ‘‘"K “ 
m mixtures in the foundry wlieil heavy casliiigs eertam number ol limes, and that afUrwards by 
are required or wlien tlie meliil is to be. elidled , further meltuig it again deteriorates. But the 
—i e Ven the surface is to ho rendered white : cxiicnments of various obsen ers gave very eon- 
ami hard by cooling in contact with a mass of; flictnig rc.siills in tins dneelion some ivcoiii- 
metal, technically known as a ‘ cbill.’ .Mottled I mending very lew '‘‘‘i 3'. 
and vvliito irons ate cl.ielly used in mixtures of ; number. I*™ “ ^^ eip.i t formed v 

moni; employra rn^turo of irons, and il is the duo to j,, 

custom to iiiix not merely dilTcrcnt grades ol j during that 3™/, Ji,^ 

,1880), and those ‘''’3oe™toeether the frons ttill practised m parts ol America where char- 
best regulated by mixing ^ RTipi-iid coal is cheap and where no ready meana of 

obtained from different localities. atU'inpts in tile same 

strength is direction have also kien made in various parts 

ceed about ^ gut, of Eurc^ie. In several instances grt^at exfx^ta- 

be somewhat 1 ™“pv desired, tioii-s have been raised in connection with these 
if softness agd fluidity , ,P suggested improvements, but none of them has 

theseamountsmayfrequmtlytonei ly 1 w „,ct with much oominereial success. In these 

without serious ‘«1“>7- a which is methods Jf reducing the iron ore the toraMtature 

a small blast furnace called a cupola, wn c^^^^ employed is u.su,.Vly not sufficiently Wh to 
imnstruoted of iron plates, I 13 Witt b^ <k „t,t*ioed; the qihospTiorus 

or ganister; it is circular ^ueed present in the ore remains in a great measure 

driven with a Ti,„ „ctal is In the slag, which is rich in oxide of iron, and 

tough twyers near ‘‘"j ^“‘‘^sed being hard the wrought iron obtained oven from moderately 
charged from the top, the fuel used ^1^ nara ,8,, ,uflirie„tly pure to be 

coke free „ ,0 the mc»l ust'ful. The direct method is usually extsava- 

varies from abput 6 to A ' in fuel and labour, wlulst the slag, 

used, being, higher to kidded to^ act as a producer* frequently contain sufficient iron Bi 
smaU ?Vn mS ron^dtm atul ^ EtC v2lualJfor use in the blast fnma^ 

flux. The metal on melting run , brought iron is now generaUy prejiared 

lating in Iwttoin "f into ^ an induct pK>cesB. c«t i?on hehg produced at 

removed V oxidation, and pa- 
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away cither in the form of gas, as with carbon, 
or, like phosphorus, silicon, and manganese, 


fettling, the operation is conducted more rapidly, 
and larger charges can be employed; whilst, as 


remain m the slag. This puritlcation was grey iron is used, the metal is perfectly fluid 


originally perfonned in small hearths trailed 
‘ finerioK,’ and ftir the production of specially 
selerited metal these liave survived in isolated 
f)lacea to th(! present day. Ilut a most important 
change was introduced in 1784, when (’ort 
juitenlf'd the )iu(ldling ])ro(;eHs, in which the 
Dperation of punli(aLtii)n is conducted m a re- 


when melted, and ' boils ’ vigorously during the 
elimination of the carbon. A sketch of the 
furnace is given in fig. 4. 

The ojieration is eondiieted as follows. The 
furnace being at a red heat from the previous 
charg(‘, the fettling is reijaii'cd, as necessary, by 
the addition of ‘ bull-dog.’ pottery mine, haima- 


the wi>rking bottom vas made of saiul. and white 
jiig iron was <'mj)loycd ; the. iron never hccamc 
pcr{<*etly fluid, and fn)m lh<* ])aKty character ol 
the mctiil the ‘ ])u<hlling ’ process derived its 
name. This original form of the pidci‘s.s has 


vmberatorv furnace. In t'ort’s original furnace titc, or other forms of oxide of iron. About 4 or 

cwts. of ])ig iron arc then charged on to the 
hod of the furnace, the door being closed and 
the teni[)erature raised while melting proceeds. 
After a!)o«t 80 minutes the iron is generally 
melted, and is then kept fluid and well rabbled 
now almost erd-iivly given way to what is known for about 10 minutes, the length of time do- 

jiending very much on the comjiosition of llie 
; metal employed. Ify tiiis time })raetieally the 
I whole of the silicon will have been removed, and 
j much of the manganese. The temperature is 
I then lowiTcil somewhat, by regulating the 
damjier, and a violent reaction ensuiis between 
(lu^ oxygen of the folllmg and the ijarliori in the 
metal. The iron bods vigorou.sly owing to the 
escujie of carbon monoxide, which burns in jets 
at the sin face, and a quantity of slag, called tap 
cinder, is removed, part of tins being allowed to 
bod over the fore jdaie of the furnace, and tlio 
remainder being lapped out at the cud of the 
operation. 'I'lie phosphorus gradually jiasses 
out dining the jirocess, being elimi¬ 
nated most rajiidly at tins stage, and 
|ia.S8ing into the taj> cinder. After 
the boiling sUige is over the metal 
‘ drops ’ and ‘ comes to nature '— i.c. 
gianules of malleable iron gradually 
si'paiate, and the whole becomes quite 
jiasty. In this condition it is ‘ balled 
up ■ by the ])uddler into blooms, each 
r>t which IS somewhat under 100 lbs. in 
wejglit. ' Thesn arc then hammered 
and lolled, forming puddled bar,’ 
which IS not yet fit to be sent into 
commerce. The w'holo ojieration of 
])uddling usually occupies about 70 
iniiiules. Analyses of forge irons, 
puddled bar, &,c., are given m Tables 
at tlie end of this article. 'J’he 
puddled bar is cut up into lengths 
and made into suitable bundles 
pile.s,’ which ^ are* reheated in a 
furnaec, which is larger but otherw'ise very 
similar in construction to that m wliich the 
jiuddlmg ojierafum is conducted, ^’he piles are 
withdrawn at a welding lieat, and hammered or 
rolled to produce merchant iron, best iron, 
best best iron, &c.. according to the quglity and 
the amount of woi-k exjiended on the material. 



* Fio. 4.— The I’rnui.ixG Furnace. • 
A, Furnacp bed; D, Firing bole, r. Flue 


j'urnacp bed: D, liriiig IkiIc, r.Flue. ]•. Cbiumev ; K.Fcttling 
V , w orkiiig door ; (j, Fiic bridgr; ii, I’nst-iron lioftom plate. 

as ‘ pig boiling,’ in distincUon from the eailier called 
‘dry jirocess.’ Pig boiling was introduced by 
Joseph Hall, of Tipton, !Staffordshi!“o, about 
1820. In Di’inciple the operation is exactly the 
same in citner case ; in jiractice the chief tliffer- 
encea are in the construction of the' furnace, 
the materials forming the bottom, and the kind 

of cast iroQ employed, in the' nw>re ni'Klem ..v«v 

process (which, however, is gradually being A number of attmupts have been made to 
replaced by the use of ‘ mild steel ) the furimee introduce mechaiucal contrivances to replace the 
bottom IS constructed of cast-iron plates, and lalMinous process of puddUng: but. after 

t.hA hrirlirA is lit. «y.,-.l.wl 1... ..x*- i. .1 1 ^ ®. ’ 


the bridge is inicmally cooled either by air or 
water; ’ • • 


sr; the cast-iron l^ttom plates are covered aVindoned in this country, though a revolving 
with a of oxide of iron about 3 inches furnace invented by Danks was successfully used 
ttuok, which forms the working botUni of the in America, Wrought iron was formerly uswl 
iumaoe; the sidys are form^ of fettling, also for ship building, bridge construction, rails, 
consisting essentially (rf oxide of iron; the mtial armour plates, and similar purposes, for which 
used IS a iron, ustjally what is known j it has since b^n replaced by steel. Wrought 
as a No.^ 4 forge qi^ahty. I’he result of these , iroU ^ now chiefly employed for purposes 
changes is tiiat the furnace wfrks with fewer ; whicli require a reliable metal which can be 
repairs; that, owing to the u^e of oxidising easily welded or otherwise w’orked by the 
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which renders u.,hl steel red.sl.o..t aud h.iitl... 
..xiddtion ‘ atmoaphenc although the presence of manganese very much 

Steel. Steel was fnrmerK, ,i„n . . .. _ J"™'*"!* thcse effects, 8o_ that with ahout 


however has now to !«. l " mono to jiroraote soundness. A siK'cial stec , 

various f<t.„riTf ^ containing ahout ;fo p.c. of silicon, ,s used lor 

under (1-5 T> e ' of carbon 11 . 1 , 1,1 l'° * contain the pi'odiietion of sheet steel for armatures, as it 

hardened ^Ve there I ™ n ln e^ A™”"''' 


bardentjd. We_ thorefo^ include under . he n^dTrrsTi.el S lu^l'S 

eoSning" under 0-5 1 ,? «''»cnie priisent in'the blast 

( lassiticatnmwiougbtiionisobvioush^-xeliided, also Jlarbord and 'rucker. .loin In.ii & .Steel 

orLeefTlenend'^arT'-' ','r' l«»«. F'rt I). fliroinniiii in snial^quan. 

(■■irbm, and olT^ ‘T ^ t I'C’I’ortmii oi titles give.s inereas,.d tenaiilv, and on this 
co numit 1 ' WUI 7'“"'^ "’ ’'7 »ntn its aeeoiint is frequently added to bitsic or other 

. mposition. With low percentages ol earhnn very mild sleel sn as to impart greater strentth. 
7' moderate With eonsnlerable proportions »f elironiiuiii the 

w fl 7'-^ “7' '* 1’“"'^''’ hardening. ' welding power ol sleel is imieh redlleed. Chro- 

tMtti 0 4u p.c of carbon (he ductility is some, iniiiin is added to steel shells as the iHinetrutilig 
11 hat less, the tenacity greater, whilst Its Ininlen- jimier is tlierehy greatly inerensed. It is uUo 
ing power is quite apiiieoiahle, Nneh a metal eniiiloved in the produelion of ru,slles.s or 
uoiild he employed m the mamifaeliiro of rails Lslaniless steel for entleiv, Aluniinnim is 
■ind tor similar purposes. Willi fiom (Ml to ; frequently nseii lor addition to Iliiid steel for 

p.c. ot caHion the duclilit}^ i^ still lower, whilst i <ici«\i<lism^ [miposcs. It assihls in the jiroduc- 
the tenacity reaches upwards of *1(1 tons per tion of stiinl ingots, and prevents se^iejiatioii of 
square inch of sectuin, and a inelal is oIiUiikmI ' tlie imjamtie.s. The amount of iiluininmm left 
which can be readdy hardened and (einpere.l. in llie .'^(eel is. howevet. .mo snuill as to U' with 

Jus eJas.s of steel is largely u.sed for cutting tools, , difhcnlty e.-sdniated by anulysm. Nickel is 

<lnllK dic.s. &<i., and tor best jiurjioses is still j adih'd to indd steel for Kiiipb'uilding and con- 
usually produced in enieihles. The us<‘ of the Htnictioiial purjio.ses, usually to about the extent 
eleeti 1 C furnace is lajiidly extending for the I of p.e., us it iiujiarts increased tenacity with 
jjroduction of tool steels, especially for suoli a.s unusual fluctility. With higher projioriioiw of 
contain other elements in addition to carbon, nickel hard non-niagnetic alloys arc obiainoil, 
u ith carbon from J to 1 •.*» p.c. a stoi'l is obtanual which aie only uhc« 1 for certain special pur|H>8C8. 
w hich 18 suitable for the liardi-st tools, and which t'lirome-nickel Htccls, containing alaiut 1 p.c. of 
ie(juire.s to bo very skilfully hardened and tein- I ohromiinn anrl .‘{'o p.<-. nickel, are used for tools 
])ercd. As the proportion of carbon increa.Mes ! ami ui automobile construction, in recent 
the steel requires to bi? worked at a soincwhat ' yeans tung.MU'n has liecii u.sed on a ,very con- 
lower temperature. With upward,s of 1%> p.c. |Sidcrablescaleforthepro<iuction(»f»cif-hardcn- 
the metal is brittle, IS no longer capable mg ani4 otlu'r 'special' steels. Usually about 
of being hardened, it is rnoi-e fusible, and thus ; 6 or 7 p.<'. of tungsten is added ; the stools are 
gradually passes into east iron. Hardening in* . made m crucibles, and contain from 1 to 2 ji.c. 
creases the tenacity of steel, but diminishes ! of earbon. Higii sjieed sti'cls contain still more 
its ductility. *]’ho tenacity of steel, like that of i tungsten, and retain tlicir cutting projKjrties 
wrought iron, is also increased by the amount of ' even at a red heat. Vanadium is also (prided to 
work done in rolling or in drawing out the metal • Add steels with marked advantage, a very small 
into wire, and certain varieties of steel xviro are percentage giving imjiroved jiliysical projierties. 
prepared which have a tensile strengllj of up- Miicli attention i.s now licing devoted to the 
wards of 150 tons pef'fiqcai^ inch. The prc.Henco jiroduction of sjiecial alloy steels for a variety of 
of manganese in steel increases its tenacity; in purposetf They generally contain from 0*H to 
suitable proportions it also very malcrially 1 p.c, of carbon, with varying pi'oportions of 
improves the working propertie.s of the metal, manganese, chromium, niekol, eooalt, tungsten, 


manganese, chromium, niekol, 


ng Tiropi 
, eooalt. 


tungsten, 


and on this account is employed both m crucible molyb<lenuni, vanadium, ie. Such alloy steels 
steel making and in the Bessemer and Siemens arc now gf ni'rally nioltod in tlie electric furnace 
processes. In large quantities manganese in charges varying from about 2 to 10 tons, 
renders steel permanently harder, and also Mnnufar.iuri’^of Mftl .—A variety qf steel, or 
causes it to be unmagnctisable (Hadficld), more correctly steely iron, was obtained by tho 
‘Manganese steel’ contains about 10 p.c. of earlier processes used for the production of 
manganese. It is permanently hard, and is used wrought iron directly from tho ore, when tho 
chiefly in the form of castings for tramway ]>roce«i was modified by altering the amount of 
points, stamp batteries, and many sirniiaid blast u.sed, and the angle at wliicb it waa in^ro- 
fiurposes (c/. Hall, J. Soc. Chem. Ind. 11(15, 57). ducecT, together with a slight increase in tho 
Phosphorus renders steel cold-short, and sho^d , quantity rnf fuel employed. By these meam? 
an this account not exceed 0‘1 p.c., whilst ! the metal prepared*contained sufficient carbon 
crucible steel of special quality usually contains to iiBpart steely propertierb although ^cn ob- 
tiot more than O’Oi p.c. of phosphorus. Sulphur ; tainod by such methods the st^l is never of 
renders steel red-shoi^ and should never eircel^l ■ uniform quality. A steely 4ron was also fro- 
I few hundredths per cent. Silicon* in the ' quently preparec^in the puddling fvmace when 
ibsence of any reducing agent forms silica, the process was,oarried on in such a manner at 
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to remove the metal before the carbon was com- ; 
uletely eliminated. But for some centuries at I 
least the best varieties of steel have been pre- j 
pared by what is known ae the ‘ cementatjon ’ 
process. I't^r this purpose, bar irf»n of the best 
quality is cut up in suitable lengths and placed 
in charcoal in the cementation furnace. This 
furnace consists essentially of two rectangular 
chaiuberB which are constructed of firebrick, 
and uro arranged to contain the iron and char¬ 
coal 'J’he charge of iron used in one operation 
is generally about 15 tons. A fire})lucc under 
the chambers sujtplies the necessary heat, whilst 
Ihe whole is contained in the base of a large 
conical chimney stock. 'J'lie non is carefully 
arranged and sunounded with chuicoal, the 
rectangular eliests, whiclr are open at the toji, 
being covered with ‘ sw'arf ’ to protect the 
contents, as far as possible, irom oxidation. 
The heat is continued for about 7 days, 
although the time will vary somewhat with tlii' 
temper required and otluT eueuinstanecs. 
The progress of the operation is judged by the 
apjiearanee of the fracluni of tii.d bars, which 
are removed and examined liom time to time. 
T'iie product is lauiwn as ‘ bh.st<T' steel, the 
name being deiived fiom tiie cliaraetenstie 
apjiearaiK.'o ol the surface. l*erey li.as siiowii 
that this IS prol)ahly due to carbon monoxide 
evolved at a high lempenduro by the action of 
earlH>n on tlie oxygen of the intenmngled slag. 
In good blister steel the protuberances should 
be as evenly distributed as jK)s.sible. When 
traetured, the blister steel is generally found 
to consist of an outer erj-stalhnc layei of 
steel surrounding an inner jmrtiou of less 
altered iron. ’J'he exact theory of eemcntatiou 
has not b(‘eii made out with eertainty, although 
Kubc’rts-Austen showed that pure iron became 
carburised wlien heated willi a diamond m 
i'acu6 ; hi^/ under usual eoiulitions caibon mon¬ 
oxide is known to play an important part in the 
iiroeess. The icsult is that the metai, when 
heated in contact with solid cailaui, becomes 
gradually carburised on the outside, and if the 
Jieatmg k' continued for a sullicient length of 
time, carburisation gradually extends thiuughout j 
the whole of tlio mass. Biistiu* steel, when piled 
and iX'heatcd, is known os ‘ shear ’ steel, unC i 
gains considerably m umforinity by the treat- ' 
mont. The name is derived from 0i(‘ {.act that 
shears used for cutting woollen < h)th were ■ 
formerly made of this variety of steel, r But- for 
best stotd for tools and other purjiosos it is 
usual to employ ‘ cost steel,’ the k'st qualities of 
which are prepared by molting blister steel lu ; 
clay or plumbago crucibles. The ciiargea usually ' 
weigh somewhat less than 100 Ihs., a little glass ' 
or other l|ux is employed, and the cnieible is 
kept covered while meitmg prcjoeeds. Heating 
18 conducted usually m wind furnaces, using; 
coke as fuel, though gaseous fuel has also been 
employed. It is. coutended that gaseous fuel 
hae the advantage of being more under control; 
it 18 also economical in working, and chables 
'the process to be carried on coiitiuuouffiy, whilst 
the wind furnape ' clinkers^’ up and has to be 
stopped eloaDing.« Cast steel is also pre{>ared 
m crucibles ftom mate];^als other than blister 
steel, but the |>ro4uct is usually of an inferior 
character, alt te found advan^eous (especially 
with cheaper mixtures) to introduce a little 


manganese in the production of crucible steel, 
OB the metal tliea possess^ btetter working 
qualities. The ‘ body,’ which Is so characteristic 
of good steel, appears to be cloRcly connected 
with its clieinical composition, and is associated 
with 8j)ccial freedom from phosphorus and similar 
impurities. Crucible steel contains a few 
hundredths jicr cent, of silicon, wluch is reduced 
from the silicious material of the crucible during 
the melting, and winch appears to play an 
iuijiorlant part in j^roduoing solid castings. T'or 
Bjaciul purposes, in rc(x*nt years, considerable 
quantiii(‘3 of manganese, mckcl, chromium, 
tungsten, and of other elements have been added 
to steel (jmiduced in the crucible, and the 
‘ special ’ steel industry lias become important 
both in (Ins c«mntry and abroad. But, as before 
.stated, the electric fuinaco has been introduced 
on a very considerable scale, for the production 
of such sjK'cial steels. 

Bessemer steel. The method of j>roducing 
steel W'dh winch the name of Bessemer will 
aiw.iys l)c <-oiin<ct(*d, and whicli lias done so 
much to revolutionise the iron tnide of the 
world, w^as dcsenk'd and jiateiited in 1850. 
At lirst great incredulity was manifested by 
iromnaslcrs, and the jiroduct wa.s iiitciior; but 
when it came to be recognised tliat only iron 
free from ]»hosjdiorus could be emjiloycd m this 
piocess. and that the red-shurtness w'liich at 
lijKt. had been so diliicult to overcome could be 
removed by the addition of manganese before 
tapping tiie iiu-tal, tlie success of the process 
was assured. The iron now used m the ordi¬ 
nal v. or as it lias come to called the ‘acid ’ 
B(‘ss,emcr process, i.s of sjx'cial qualilv, and is 
made from ores of hamintito (juality. it should 
contain only a few liundretlths p.c. of j)hos- 
phoriis, and about 1-11 p.e. of silicon. With 
rapid working, ns in th<‘ largo American works, 
the silwon is about 1 }».c. lower than is the 
custom wliere fewer charges are run in the 
.same time as in Knghuid. The metal is either 
remeltcd in a cuj»ola or i.s run in the fluid state 
from the blast furnace, or the metal mixer, 
aeconling to circunustanees, but in any case is 
introduccil in the molten condition into an egg- 
siiaped ves.sel know'ii as a ‘ converter,’ ami which 
has been lieated cither by a previous charge or 
by iightmg a tire inside. The converter is con¬ 
structed externally of iron plates, and is arranged 
so as to rotate ou trupniom which are fixed on 
oitlier side a little below the middle of the 
I vessel. By tins arrangement the converter can 
be readily' manipulated as reqiiii^d during the 
: process. .At the lower part of the vessel is a 
' moveable bottom, fitted with a blast box into 
' which air is admitted during the ‘ blow ’ at a 
pressure of about 20 lbs. to the square inch. 
From the blast box the air enters the vessel 
: tlirough a number of holes passing through a 
; fireclay or ganistcr bottom lining. The sides of 
’ the converter arc generally lined by means of 
' ^nister (a silicious or ‘ acid ’ material) which 
is generally rammed iuto position. At the top 
of the converter, a little ou one side, is an opening 
w^iich serves for the introduction of the metal 
in the first placd, then for the escape of waste 
gases during the blow, and lastly for the tapping 
of the mctiu and slag whe^ the operation is con¬ 
cluded. The charge of pig iron, which weight 
from about 8 to 12 tons, is introduced while the 
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vessel is in a liorizontal position, in oni^r i i 

avoid closing, the twyera ^ the bottom; the motdL™"BntTf“* ingot 

blast 18 then tum#d on and the vessel rotated so almost j ''' *'* 

as to cause the blast to rise through the baW^ of 0080 ^^0^.’'?' * m ™»nga. 

metal. The silicon present is rapidlfoSH air’l.!, to' n and would 

and passes into the slag, at the same^time pro thflppfom” many imrmm-s. It is usual, 

ducing sufficient heat, not merely to maintain uuantitv’of ^010 .01®'""" •" “ 

the fluidity of the metal, but actually to very irder to cournemH Tr ^'"■[" “‘anBanese in 

much increase its temperature. After the intr...!..,.,. tk n'd-shortness and to 

silicon has in this manner been removed, wliii-h ' the rcoukitir J^.^l“"^''‘a'n'»mtof carbon. Alter 
generallv occupies about 10 minuto.s, the carbon is allowed to si* 

IS attacted, and this is rendered eWdcU"7" evtont to m v 
marked increase in the sire and luminosiiv^o" ‘Lemed ' m o the l„dl 

the flame produced. This flame .ontinues for uS “ “St into 

rather more than 10 minutes, and tLim. when *7V„.. ...... 

the carbon has been burned out, suddenly : that in the (in'Ldn rM{e.!T.?'' ' *' lT'''’*’'°'’'! 

•drops,' i.f. becomes much smaller and Ics's is lined with ^sdicm.iJ ’1"’''’’"."'"i ”"*!! 

luminous, showing that the operation is eon- oiilv east iron fiw fr, m* I ""1* ‘‘“d 

eluded. During the whole ol the Uow the ' ohljeras 

metal remains molten, and the temperature pm- moved'durinv Ih.. l.'Lw’ n ^ ‘’’y’))'’'''',“ to- 

diiced by the combustion of the'carboii '.‘ind | .roc^''i:'‘i;!;'::ruis.d 

silicon ,s so great that the resulting decarbiirise,! I and (lih.lirist. which iiio.st s'uccessr.diy sXed 



5. 

A, Shop or preparing Basic Lining; p, Cuiwhia for caltining Bolomltt' ami rnnelting Iron; c, Ladle fw Cast 
Iron; p, Bessenu-r Converter , Y , Stool Laillc, f, Ladle CTam-. , 

ilic ]u^»blem of tfie troatment of pbo.sphoric iron, j iiig on, the amount ol phosphorus present; 
l^ig. 6 (after A. Holley) shows the general ! during tins stage the phosphorus is almost 
arraMement of a basic Bessemer work.s, I’ho I completely removed and posses into the slag, 
mechanical arrangements of the plant and i The progiess of the oj)eration is judged by 
general principles involved in tlie two proeesses i mean.s of small samples wlmh arc withdrawn 
are exactly alike, with the exception that the j and exanimeVl at inticrvals during the af^r-b*ow. 
iiniug used in the basic process is a mixture of i When r<*a<iy, the metal is tapped os usual, and 
lime and magnMia, obtained by calcining j the product is a sjx*cially mild and w)ft metal, 
dolomittv This is mixed with dry tar in ’ The slag is used, when ground to fine powder, 
•suitable proportionH».sn as^to make it bind, and ■ as a phosphatic manure ; it has also been used 
IS then either rammed into shajx* with hot j as a rnutarial for the construction of the bottoms 
t<iol«, or pressed Into bncke and baked as may [ of reheating furnaves (Harlxjrd and Tucker’s 
be most converiient. The cast iron used should ■ patent). The basic liessemer process is applied 
be as low in silicon as possible, on account of I on a large scale in this country, but is used still 
the injurious action of a siliciou.s slag on the ! more exU n-ivcly on the (kiritment, especially 
basic material of which the lining i.s composed. ( in the large stetd works in the district around 
The phosphorus, on the other hand, may be as ; Diisseldorf op. tlft- Lhinc. , 

high as 3 p.c. without exerting any injurious Where metal of special purity is required, 
effect on the finished product. To en.suits low the fluid steel, instead of being cast into mgotsi 
•sulphur while the silicon is also low, about may be transferred to an electric furnace, ^ere 
15 p.o. of manganese is usually introduced into with h» .di temperatures and »vciy basic sla^ 
the iron. In modem works the proportion,# the piiosphorus may be reduced to a mere trace, 
both of silicon and of sulphur are reduced and After "^he phosphorus has thus been transferred 
rendered more uniform by the use of a metal to the ba«»5 oxidising slag, this slag is removed • 

mixer. The ' blow ’ is conducted in the early ' ^ '•*— *-**- " * ’ 

st^es just os in the acid Bessemer process, 
silicon being removed first while carbon after¬ 
wards passes out, a^d the flame ' drops ^ lii 
before, lime is then added, and an after-blow 
is given, which lasts ^me 5 minutes, depend- 
VoL. IXf.—T. 


ts also added and this redueing slag rom^es the 
sulphur. ■ Hence by working witR two slags in 
succession, one oxidising, and,the other reducing, 
both phiMphorussand sulphur can lib remove, 
and a steel of soeciai purity obtain^ This 

2 X 
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method of working f.s employed at a number of 
American steel works. 

In Bessemer'H earlier exj>eriment8 small 
converters were employed ; some of which were 
moveable, whilst (tihr'i-H were lixed. Both of these ! 
forms have been recently remtrodue(‘d, and ' 
small cojiverler.s have met with eonsiderable ' 
favour for spc'cial p\n’j)0Hes, partieularly for the 
produclion of stej’l castings. 

Siemens steel. Numerous attemjds have 
Ix'en made to jtn'pare steel by ileearburisinj; 
cast iron by some metlnxl other than that pro- ; 
viovisly described; but the only successf\d rival 
to th(‘ ib'sscMicr [U’ctcess was onuinated by Ili<‘ 
bill' Sir William Siemens. 'I'lie invention <if lln' 
Siemens {urna'e. with tb<‘ acconii>anyini» jius 
])ro(iucers and regenerators, placed m the 
bands of tin* pnoti^-al man tlu* successful a[»- 
plicatioii ol a lieantiliil s<-ientilic principle wbicli 
has liecn lai^cly iisisl in many branciu's of 
manulaelm*'. sinli as the ((r<*diKfion of ylass, 
porci'lam. and ]><tl-lefv ; l<*r the rebealiny of 
iron null steel, and for numerous ot her jnirposc-s 
Space will not Ihu'c allow of llu' <lt‘scnption of 
the apparatus, and it will only be n'-<i-ssai\ to 
mention llml by this means a temjK ialun' < !in 
be easily and (‘conotmcally obtained, wlnoh is 
amply suflicient to melt wrought iron, and to 
enahfe it to l>e readily ](onr('d when imdti'd. 
Ajiart tnnn the midliod usial in lieatiny tlu* 
furnace, tin^ Siemens-Martin jirocess (wliieii was 
in\ent('d hy Siemens, and rendenvl coinmei- 
eially sueci'ssfnl hy Martin) closely resembles in 
irinciph' the original pudillinfi process. TJie 
urnnee is of the same general sliape us the pud¬ 
dling furmu^e, but. is cajaible of working a i-harge 
ot from .0 to npu.irds of GO tons, 'J’Imj external 
jjortions an- of east iron limsl witli xeiy ridrae- 
iory silieious lirebriek, wliiU' tla* wcu-knie bottom 
i.s of ndriu'tory sand. The jug iron to be used is 
charged liist.. ami Iho nmlh'able iron and iron 
ores which arc juUhal to decarbunse the jug 
iron are introduced at suitable intervals during 
tlie operation, wbieh generally lasts aluiut 8-10 
hours. Several moddii-ations of the process 
have been introduced, il being eonvenienl some- 
timea to omit either the malleahle iron or the 
ore. wdiilst in somi* eases malleahle iron or slisd 
aeraj) only 1ms been used (Martin's process), Bi 
any case, so long as a silieious lining is employed, 
the materials used must he as fn‘0 as jiossihle 
from phosjihorus. 'I'lie pmicc.wa' is also 

conducted m th<' Siemens furnace, pKosjihoric 
jug iixm. or similar rnetal from a mixer, being 
used, together with the lU'cessary steid scrap 
and ore or other ferruginous oxidising materials. 
In liirg<‘r estabh.shments hand charging has 
now generallv been I'ejdaeed by mechanical 
appliances Ror basic working’ tlf.‘ chief modi¬ 
fication introduced is the .substitution, for the 
ordinary ailicious IhsI. of a working bottom of 
basic material, similar to that used in the basic 
Bessemer process. Quicklime is also added ti) 
th^ charge during the, working of the hpt so 
as to ensure a basic slag and tlie removal of the 
’’pbosphorus. The open liearlh pnx^'ss differs 
from tiio Bessesner basic process in that jvhiie 
in the‘latter the phosphorus remains in the 
fluid metal uiStil praeticclly all the carbon has 
been eliminated, in the open hearth process, on 
the oilier Stand, much of tfee phosphorus is 
removed daring the earlier stages of tlie oi>era* 


tion. If the acid iSiemens furnace may be 
regarded as a large puddling fij^ade with gaseous 
fuel, working on Oort’s original lines, except that 
the tempi'rature used is suffioienfly higli t-o 
melt the reaulling malleable iron and so produce 
mild steel, then we may consider the basic 
Siemens jirocesH a.s closely re.sembling the 
‘ pig boiling ’ of more recent time.s, except that, 
as in the jnevious ea.se, the operation is on a 
much larger scale and the product is in a molten 
condition. 

As compared witli tiie Bessemer jiroeess the 
Siemens, or us it is freijuently called, the ‘ ojam 
lioartli ’ jiroc(‘ss. jxissesst's the advantage that it 
H more ut-der cnntinl, and for this reason is fre- 
ijnently preferred when work of a sjK'eially 
nmform ehatwb'r is required ; il is also moii* in 
favour for steel castings. Further, it permits 
of the use of considerable quantilJes of scrap, 
wlucli is relativi'ty clu'aji. and would otherwise 
be a diug (Ui tlie market. It. also give.s a 
gri'iiter yield jier ton of metal used. This 
extra yield often mori- than jaws for the cost of 
fuel used. 'File Be.s.semer jilant, on the otlier 
hniul, gives more lajud working, and henee is 
preferred lor large outputs Tiiere is littio 
doiild. that e<|uall\ good stiad may be produeetl 
by {‘itiier of the jiioeesses, t hough the jmemmatK; 
method requires very I'ureliil attention when 
special nnitormitv is desiivd. In the United 
Kingdom the iieid Siemens process is must 
imjiortant; m (iermaiiy the l^asic Bes.semer is 
childly ui»ed; in Ami'ni a tli<’ two jiroeesscH 
emj)lo\ed are the acid B(‘>.s(>mer for rails, &e., 
and the basic oja'ii lieaith for .stiuctuiiil mate¬ 
rials kVom tb<* metal wlneli i.s sliglitly too 
jdioSjilioric to be u-M'd in the a<'id jivoccss an 
exeolk'iit steel is made iu tlie ba.sic ojien iiearth 
furnace. 

'Pbe tendi ncy in leeent years lias been to 
rejilaeo tbo Bes.semiT process by the ojion hearth, 
and to develop tlu; basic inethqjl of working. 

The Talbot process, in this important 
moddication of the ojien heurtli basic process 
a large tilting furnace of cylindrical form is 
Jieated at either end by gaseous fuel and regene¬ 
rators. The vessid, wliieli holds 150 toms or 
more of fluid metal, is basic lined and a slag rich 
in molt<*n oxides of iron is maintained. The 
eiiiirge of fluid cn.st iron is first worked till steel 
of (he required eomjiosition is obtained; about 
20 tons of this fluid is then tapjied out of 
the furnace. 8ome 20 tons of metal is added to 
the contents of the furnace nn<.] a reaction is 
set up as a result of which silicon, carbon, and 
phosphorus are removed, and fluid steel reraains. 
Metal is run off into the ladle as required for the 
rolling mills, and fresh iron poui'ed in from time 
, to time. The process is thus continuous, and 
the fumai’O works from week to week without 
stopping. The fuel consumption is low, the 
' yield good, rejiairs arc diminished, whilst steel 
of excellent quality can be produced from 
ihoric ores. 

alleable cast iron. For many puiposes 
‘ u;here a complex form Is necessary, and only 
! moderate strength is required, the articles are 
I cast in green sand in the ordinair way, but 
I a special variety of pig iron is used, low in phos- 
j jjfxioVus, and manganese, end containing about 
’ 0’66 p.rf of silicon. The castings so prepared are 
white, hard, and brittle but when heated, in 
* « 
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contact witli •xide of iron, in covered cast-iron 
boxes, to about. •SKK)'^ for several days, they 
become grey and soft. The softness so deveiopod 
is accompanied with considerable malleability, so 
that the articles can be leadily worked under the 
tool and puni'hcd. ])Ianed, &c.. as nsjuired. 
Malleable cast iron, however, will not weld like 
ordinary malleable iron. This ])roeess is cluetl.\ 
conducted in this country in the jMjdhinds. piu- 
ticularly at Walsall and Jhrnungham, and (he 
heating in etaitact witli oxide of iron is known 
teehnii^ally as ‘annealing.’ A jiortion of the 
graphite is removed by oxidation, and llie r<“st, 
having been thrown out of solulion^at. about 
9(2(>“, exists as secondary giaphite, or ‘li'iiiprr’ 
carbon. In recent yi'ai’s lh<‘ malleable east ir<m 
industry lias reached very large jirojiortions m 
tho United States, the output being iii»w about 
ten times as great as that of tlie United Kingdom. 
Tlie eastings are generalJv produced from im'tnl 
low in sulphur, but slightfy niglier m silicon than 
is usual with the Kuropean or ‘ Ueaumui’’ pro¬ 
cess; it is iiK'lted in a coaMlrcd revt'rbi-ratoiy. 
or in an acid Skuik'Us furnace. Tin' annealing 
is conducted at a timiperalure of about 7'>0" 
and occupies a shorter time. Heni <‘ Je.ssgrapliite 
IS removed by oxidation, anil the ])roducl is 
known as ’ black heart ’ eastings. 

Tin pUtes. In order to protecl non from 
oxidation it is frequently covered willi a tliin 
Jayor of mctallie tin. This js chietly applied to 
the protection of thin plates of steel, vvliieh are 
fii’ht rolled in the ordinary way. and. after a 
jireparation (incluilmg ‘ pickling in dilute sul- 
jiliunc acid, unnealmg, anil cold rolling) in older 
to obtain a .suitable surface, tho plat<*s arc nn- 
mersed in a bath (>f nudten tin which is kept 


covered with grease. In this way a thin coating 
of tin adheres to the suiface of (he iron and 
protects it from oxidation so long as tho iron is 
complctclv covend. Ju case the fin is reinovinl 
from any part of Uic surface, liowevcr. o.xklatinn 
takes place nioi'c ixaihly than in the original 
metal. For tills reason galvuniHeil iron is to bo 
])iidciTed for purposes when* iron 1ms to b<> ex* 
jjosrd to }i(nio.H|t)ierie action, and whcR* there is 
no ehaiiei' of arlielcs of food enmmg in contact 
with the xim-, ’I’m plates are largely mamifac- 
fiircd 111 South Wale.'', and wen* lonncrly made 
from an iron possessing .'•pei ial mallimhility. and 
which wa.s pjcpaixsl in (lie old-fa.shioncd ojM*n 
licailli. .\t present tin iilafes are inxqiared 
from mild sli'cl, chiefly that produeeil by tlio 
Sienieii.s process. (|<'or details of jireparation 
r. 'J’l.V Pi.ATKS.) 

Galvanised iron. Iron which has to be 
(Xposc'd to (he weather or olher oxnb.sing 
agmieies is Ireijiienlly gnivam.seil, t.<. covered 
with a thin co.iting of niefallie zinc. In tlii.s 
eas(“ till' metal is previously cleaned from scale, 
&< , by being ‘ pi' kli'd ’ in liyilroelilone aei<i, 
and after cl(‘ansiiig tlie arfieli* is imnierseil for 
a few moments in a bath of molten zinc, which is 
k<‘pt covered with a little ammonnnn chloride. 
Hv this means a uniform coviuing of zinc is 
obtained, whuii proticts the iron umlerneath, 
not merely so long as the coating is pm-feel, but 
also when the zinc has been partly ixunoved. 
(Jalvani.sed iron, however, eaniiol \»e used in 
contact with mther mineral or vegetable acids, 
and hence is not empIoye<l for looking utensilK, 
nor f(»r the eaii-s in winch food ia jircscrvcd. 
Iron can also be coated with zinc by eliictro- 
ileposition ; or by liealmg at a modorato 
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Iron as ^oduced by t}ie reduction of its 
oxides by ca^ntdwavs contains more or less of 
the latter element. Wrought iron is the purest 
form of commercial iron, but in addition to 
carbon it usually contains small quantities of 
sulphur, phosphorus, silicon, &c. Chemically 
pure iron may be obtained as a black {>«wder 
devoid of metallic lustre by reducing the oxide 
or oxalate in a current ol hydrogen winch is 
pyrophoric if the reduction is elTccted at a low 
temperature. 

Pure iron finds a liinik*d use in transformer 
cores and for experimental work. It is usually 
prepared by electrolysis, the ele<'tr()lyte (am- 
sisting of a solution of ferrous eliforitk* and 
oalcium chloride, or a mixture of ferrous am¬ 
monium sulphate, matim'sium, and sorliiim 
hydrogen carbonate, the working temperature 
being 90® and eunvnt density 10 amps, 
per dm.*. 

Pure iron has a silver-white lustre and is 
capabltJ of a higli polish. It is lilgliJy ductile 
and malleable, becomes soft at a red fieat, and 
may be welded at a white heat; lu.j) 1530® : 
(Dana and Foote)- It niay be distilled ui the 
electric furnace. It is attracted by the magnet 
but is not permanently magnetic. It seems to 
exi.st in tlircii allotropie forms, di.stiugnisliod as 
and y-ferrite, depemling on temiH'rature 
(Osmond and Cartaud). Sp gr. 7 80; mean 
sp.h. 0*1098 (15'-100 ) increasing rajudlv uji to 
850", when it d(!Ci“oaHes. 

('OMPOUNI)H OF FrOK 


most parts of the world, and constitutes one of 
the most important ores of iron. It is always 
attracted by the,magnet, but does not always 
possess the property of attracting iron. It may 
be prepared by passing steam or carbon dioxide 
over red-hot iron, but the primary product in the 
case of water vapour is FoO. It is probably 
; a coating of Fe,(l 4 which renders iron * passive,* 
or unacted upon by concentrated nitric acid or 
water. This property is taken advantage of in 
tho Bower-Barff imxeKs for preventing the rust¬ 
ing of iron, in winch the metal is neated to 
redness and Hubjected to the action of steam. 

When pure this oxide is an iron-black sub¬ 
stance having a sub-metallic lustre. Its sp.gr. 
is 5*lK, ami its melting-point, is 1527® (Kohl- 
meycr, Mctallurgie, 11K)9, 9, 323)^ 

The oxide is solubh* in strong aciils, the solu¬ 
tions containing a mixtim* of ferrous and ferric, 
salts. By adding (‘iiusiic alkali to such a solution 
or to a inixtuix* of forn>UH and fiTric chlorides in 
proper proportions, a black pre<‘ipitate of JerroAO- 
I ferric hifdrnxidc is obtaim'd, which, on drying 
m air, yields a brown-black, brittle mass, stable 
in air,” which is magnetic, and may tlius bo 
I separatetl from ailtmxod ftTrous and ferric 
I oxules. It has the composition FefOHlj'KcjOp. 

Iron*sca!e »S a lonqiound of ferrous and ferric 
' oxides in varying proportions. 'Phe inner 
layers an* not niagrieiic. and approximate in 
composition to fiFeO.FcjOj; thi* outer layers 
of the scale are magnetic, and contain a larger 



Oxid'-i. Three oxides of iron an* known ; — 

Ferrous oxide or iron nionoxiile HVO ; 

Perrie oxide or iron sesquioxide FcjOg; 

Ferroso-fcrric oxi<lo or magnetic oxide of 
iron Fogf) 4 . 

Tlie trioxide FeOj, winch may be consule'rcd 
to exist in the ferrates, has not been isolated. 

Iron monoxide or ferrous oxide F<*0 is a 
strong base. It may be prepared l>y the n‘due- 
tion of the sesquioxidc m a current of hydrogen 
at 300®. On exposiii-e to air it oxidises with 
incandescence, but loses tins jiroperty when ; 
allowed to remain for 12 liours in an atmosphem 
of hydrogen. It is also obtained as a black, 
velvety powder by adding ferrous oxalate to 
boiling caustic potash solution ; when washed 
with water in air it takes up oxygen. Ferrous 
oxide is also foriffcd l)f the action of nitrous 
oxide on metallic iron at 200® (Sabatier and 
Senderens, (iSpmpt. rend. 1892, 114, 1429). 

The hydrate<l oxide Fe(01I)2 is precipitated 
on addition of caustic soda to a ferrous salt in 
absence of air. When absolutely pure the 
precipitate is white, but it rapidly absorbs 
oxygen, acquiring a greenish hue and becoming 
ultimatolv converted into the red sesquioxidc. 
It crystalliaes from a strong caustic soda solution 
in flat, pale green pri.sms (dc Schulten, (kimpt. 
rend. 1889, 109. 266). 

Forroua oxide absorbs carbon dioxide with 
avidity. It dissolves in about 150,000 parts of 
water. It is used to impart a green colour to 
glaai, which at the same time Wiomes ather- 
manous, transmittuig but little heat (Zsigmondy, 
Dingl. poly. J. 287, He/ Aeq). 

* nrroM-terrle otide, Magnetic oxide,*iMack 
oxide (FeO'FotO^ or Fe, 04 , occtua iiFnature as 
magnetik (magnetic fron ore iodeetonA (y.v.)) fn 


, occurs anhydrous as hatmatifc, sp.gr. G*19-K>’2r), 
sftfcular iron ore. kidney ore, and micaceouA iron 
I ore, ami, in the hydrab*d condition, nn the 
j yellow or brownish Umonitc 2 Fe 403 , 3 H| 0 , of 
) which hiyj iron ore, jtea tron ore, and certain clay 
\ iron fifoneM art* earthy varieties. OCthite. 
i FejOj.H^t^ and h/ryte 2 FejOa,H 4 y are other 
! forms in wlich the hydrated oxide occurs. The 
eaitli# varieties of haematite are known as 
reddle or ruddle, and as red ochre, and are used wi 
pigments; the earthy varieties of Hmonito 
oeing similarly u.sed under the names yellow and 
brovyn ochre. 

The anhydrous oxide may be ol^tai.iod by 
^heating the hydrated oxide or a ferrous or ferric 
salt containing a volatile acid. The latter 
method is the one principally used for the 
preparation of the commercial oxide, the salts 
most Used being the sulphate or the chloride 
obtained from the ‘ pickling ’ of iron in the 
process of galvanising. 

It may In* ])repared in small crystals by 
passing Ihc vapour of ferric chloride over heated 
lime. The ignited or native oxide is slowly 
soluble in aridh, the best solvent lieiiig a mixture 
of 8 parts sulphuric acid and 3 parts water. 

Ferric oxide crystallises in tabular rhombo- 
hcdral scales of sp.gr. 517, having a steely lustre. 
At the edges the crystals transmit light of a 
nilur-rod colour. The solidifying-point the 

molten oxide is 1562®‘>15^® (Kohlmeyer, 
MoUlliWgio, 1909, 6, 323). * 

^Heat^ in tbie electric furnace or in the 
o^hydrogen flame it yields the magnetic oxide 
(Moissan, Coi^t. rend. 1892, fid, 1034; Read,*, 
Chem. ^c. Tnins. 1894,* 314). Ufually it 
very slightly epaiamagnetic, InH it is mofi^ 
strongly magnetic if prepared by tbe ozidntiOit 



078 


IRON. 


of forroHR hydroxUlo (.Malaguti, Ooinpt. rend. 
1802, 55, 3EM)). Wuldcii statcR that at 1350' 
tJu‘ (liHRonation prosKun* of the o,\i<l(‘ is about 
•wjual to that (d the oxygen in the air (•!. Aiikm-. 
Oiicin. S(K‘. im)8, 30, 1350). 

'J'lu! residue obtained in the luanufaeture of 
Nordliauseii sulphurie acnl by •listillalion of 
terroiiN sulfiliatt* consists of this oxhle, and is 
known as CDlcothfir, and is lar[;<dy used as a 
|iigm«-iit. On a<'couiit of the nlisiaieo of grit 
it IS used as polishing iowjt' ; the parts wluch ; 
iir<‘ of a searli't colour —/ (. wiiieli have not 
Im'imi strongly li<‘ideil—being preferred for glass 
polishing and for jewellery, &e., whilst the more 
strongly lieati'd parts, which possess a hluisli 
tint, are eniployi'd umler the term nucuH for 
polishing nu'tals. It has been shown that these 
variations m dViloiir are due to the varying si/e 
of the grams (Wiililer and C'ondri'a, Zeitseli. 
augew. (’hem 21,4sl). 

I'Vrnc oxide a<'ls ns a entulysl m pioiiiotmg 
Lh(‘ e<iinhiimt ion ol sulphur dioxide and oxygen, 
and u priKS'ss for Ihi' pn'paration of .snl[)huj'ic 
acid has been based upon this ri'uetion (Luiigu 
ami Hemliar<ll,./eitse)i. angew ('lieni Miol. IT, 
1041 ; Aer also Keppel(*r, d'Ans. Simdclt. ami 
Kais<‘r, ihtil. 21, 532. 577 ; Keppeler and 

il .Alls, /eilseh. pliVHiknl. ('hem. I'.HtS, 02, HU) 
'I’liis o\id(‘ is also useil m soim* lornis o| ai'eimiii- 
Jnltir (.vf/ r.r/. 1). !l, p|\ 180072 and JU02.30 ; also 
IVtms. (.’hem. Zenlr. 1U08, i. 213). 

d'hi' use of feme oxide for slamlardi.^mg 
solutions of pi'rmangunate has been pntposed by 
Jiiundl, who desenhes a mi'lliod for the prepaia- 
lion of the pure substance ((’hem. Xidt. lUOS, 
32, 812 e/ !fC(f ). 

Ferric oxlile is invariably pn'seiil m i*on- 
siderable quanlities m eo/ipn (r. t’oi’j’Kii 


Ami abo\e 02 5'^ targito or hydrohfiem&tito 
(Rulf. Ikr. 1U01.34, 3417). , ■* 

A ‘ yellow liydrati*/ which, under these con¬ 
ditions IS unehangiMl between 40"' and 70°, can 
1x1 obtaiiK'd by the u.\i<ta(ion of luoi^it ferrous 
hydroxide or carbonaU' (.Muck, Zeitscli. Chem. 
181)8, |h 1 4, 4J ; Tommasi, Ber. 1870, 12, 1299, 
2334). 

When the hydrated oxide i.s merely allowed 
to remain for some montJis under water, a 
crystalline powder containing FojjOjfOHjg is 
obtained wlueb corresponds to the native 
hinomle. 'riiis hydrate is the colouring iiigre- 
dieiil of yellow clays, d'e., and constitutes the 
j)reei[)ilat<4 Irom eludybeate streams. It rtlay 
! uIm) be oltlaiiied by precipitation from a cold 
solution of a terrie salt ami drying, without the 
aid of heat , over flidphnrie acid. 

'i'In- Iresldy preeipitaled oxide is readily 
sifjiibir m ;m mU and m eonoentrat.ed .solutions of 
feitn' salts Tli(‘ s(jlntion m h'lric chloride, 
uiien containing excess of o.xide, may b<‘ slowly 
dialyseil with scpaiatioii of a dark red liquid m 
wlm h the ratio ol eldorme to iron eorrespunds to 
the (omposition S2Fe((m)i: F<‘C'i:j (Linder and 
Ihclcm, (,’ln-m. Sue. 1’rans. 1905, 15(20). A 
siimlai' sohiiioii eontammg a small amount ol 
a<(tale prejiared by lindysing ferric acetate, 
.uid js used mediciimlly us dinlif'^d iron or 
iKfirn {nil fiiiihimfi. 

A collrntlal solution of jnire ferric liydroxide 
may be obtained from the dialysi'd solution 
eontamiiig ( Idoime by eleclioly.sis under special 
conditions (Tiibot and Chretien, Conifit. rend. 
ItH).'), 140. 144). I’he .solution is gelatinisi*d by 
alkalis and by many acids ami sall.s, i‘ven in very 
small amounts (>.7( also (.Jilotti, (Jazz, cliim. ital. 
lUOS, 38. ii. 2.72). 


oxideh). Soluble nu'taferrie hydroxide Fe^O^H^ is 

This oxide may be combined with the moii- i obtained by lieatmg a solution of ferric nitrate 
oxides of q(i,loiuin. mngnesiuin, zme. eoj)j)i‘r, to 100 ’ for 3 days, and then adding a few drops 
and otiier motals. The resultant oxides, whicti of hytlrochlorie acid. The hydroxide is thus 
ar<* prt'piired usually by fusing t hi‘mix«al fiiides, ' jireeipituled, and when dried on a porou.s tile 
aiv always magnetic, and correspond m com- ■ birnis black scales, which dissolve in water to a 
♦ position with the magnetic iron oxkIix 'J'be ! tasteh^ss red liquid (IN-an de St. (idles. Ann. 
oxido containing magnesium Fea();,’Mg() oeeurs (.'him. J‘hys. 1850, |in.| 10. 47; Seheurer- 
naturally as imipiofrrntv, and that eonlaming Keslner, ihtd. 1859, lin.| 57, 23; Debray, 
zinc and manganese is found as Fninhluntf (svr (Jompt. rimd. 1809,08,913). 

Percy, Phil. Mag. 1873, (iv.] 45, 455; and List, * A similar solution can be prepared by boiling 
Ber. 1878, 11. 1512). a solution of h'rric nitrat<; with copper filings or 

Solutions of alkali ferrites aix*. oUained by zinc-dust (Cohen, d. Amer. Chem. Soc. 1914, 30, 
lioiling solutions of tlie ferrates or bv boiling 19). • • 

ferric nyiiroxide in strong eaustio alkali solution Tlie bydrateil oxide combines with .sugar, 
(Haber ami Pick. Zeitsch. Kloktroeiiem ItMR). forming a soluble compound, thusjowcriiig the 
7, 215; 7. 724). pereenlagc of crystalline sugar obtained from the 

The hydrated oxide is best prepjii'cd by pn*- pans and raising the proportion of molasses. On 
eipitating a solution of feme chloride with ex- this account raw sugar is soon injured by contact 
e(>s8 of ammonia. It forms a bulky, bmwn, with iron \l^^^el8, and even the clearing ‘char’ 
slimy precipitate, which shrinks ehnmderably in should he as free as possible from iron. Accord- 
drying. It slowly gives up its water at 320'', mg to Sehaehtrupp and Spunt (Pharm. Ontral- 
and if heated to dull redness when anhydrous, lialle. 1893. 11, 148) the liydroxide is soluble only 
suddenly contracts and glows brightly, becoming in solutions of invert sugar, and cannot itself 
much less soluble in* acids; this is probably duo cnuso inversion, though this may be brought 
to an^allotropio change wliirh is known to t^ke alAut by anhydrous ferric oxido. 
place at 040° (Kepjx*ler and d'Ans, Zeitsch. The hydrated oxide is largely used for re- 
plf^’sikaL Chem. 1908, (12, 89 ; Off alto i6irf. moving Bulphurette<l hydrogen from coal gas. 
041). ♦ . • hydrated sulphide is thus produced with 

Freshly precipitated ferric hydroxide when evolution of water. When the oxide ceases to 
heated vrith waiter under«a pressure of 5000 absorb the gas, it is expo8<‘d to a currentof air, 
atmospheres gives tht following products:— carl boinfl taken to preventegreat rise of tem- 
At 30°-42«5° limonite, •• perature,%ud the oxide is reproduced with 

At 42’5°-02‘5° gothite, , separation of free si^phur. ' The large quantity 
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of Prussian bljie contained in the sj>ent ‘ oxide ’ 
is now used foathf production of eyanidi's {(j.v.). 

A yellowish-brown hydrated sesquioxidc, pre- ; 
cipitated on calico by tnc action of caustic soda ! 
on ferrous sulphate, is known as chamois oi‘ 
rouillc. I 

Iron rust when completely oxidised has a I 
cum position approximating to that of hmonite, , 
but when freshly formed contains mucli liy- i 
drated ferrous oxide and earhoimtc. 

In pure water, free from air, llie rusting ot 
iron is purely cleetrolytie and does not j)io('eed 
beyond a concent ration of Feequal to 
gram-mol. per litre. Tlio presence oT oxygen 
gives rise to a new e.m.f. ; cails^li ilioviile 
plays a secondary part, aifccting the very 
varnihle composition of the I’nst and its presence 
IS not essentia); liydrogeii peroxide lussl not f)e 
formed. The corrosion is most rajud when butli 
air and wafer an* in direct coni net witii tJio metal 
('austic soda and so<laim carbonate stoj> ct»r- 
rosion ; ammoninm salts neci'Ieratc it. ('/. uit. 
('OHROSION OF MkI'AI.s. 

Ferric acid JljFeO^ is only known in com¬ 
bination. T]u‘ jiotassium salt is pnalucefl willi 
1‘Voliition of e<mMderal>l(‘ beat, by Jnatitig tin* 
sesqmoxide with jjotasMUiu inlrate oi liydi-o\i<l<*. 
or with a mixture of the two subM.iinces (Fremy, 
J. PImrm Clnm. 1811. 27. IIT ; Hofmann. Per. 
18()0, 2, 

It iimv )>e pri'pared by the <‘leetrol\tic 
oxidation of iron in caustic ]>()tash solution 
(Habi'i* and Pick, Zeitsoh. Flektrochem. HUM). 
7, 21o). or by passing i lilorine tliKnigli a siispen- 
Sion of ferric Jiydroxide in caustic potash. 

Rariiini ferrati.* is Hk* most stalili* salt of 
feme acid, and is obtained as a <lark red powdiT 
by preeijiitating a solution of sodium hurate 
with barium clilonde (Pascliieri, <’l)ini. 

ital. ma, 3(h li. 282). 

Ferrous sulphide FeS is found m certain 
meU'ontes. It may be con-<i<hTcd to exist 
in combination w’ith the sesquisnlphnle in /)//r- 
rholhie or vnignttic and in eoinbina- 

tion with other su)phid<‘s in other minerals. It 
is found m oonshlerable (juautifies m the black 
deposit in cesspools, &c., bemg [iroduced by tin- 
action of organic matter on t«-iruginous bodn?s 
or iron oxide in pres(aue <*f solphates In 
meteorites if occurs as tlie niiiicral tnohli. 

It may be ]iix*nar<'<l by healing a mixture of 
iron tilings and sinpou.for r»l ferrous sul|)hale 
and charcoal; hy stirring a w)iite-hot io<l of 
wrought iroi^ in melted sulphur; liy heating 
other iron sulphides to bright risiness in hydro¬ 
gen, or by precipitating ferrmis salts with 
alkaline sulphides or sulpliuretU'd Iiytlrogen. In 
the compact staU*, ferrous suljihide is a very 
iiard, metallic-looking black, or nearly bla^-k 
crystalline Rolid of sp.gr. 4iHK It has a nietalJic 
lustre with a yellowish rellex, and sometimeH 
oi’curs in hexagonal [irisrns. It is not magnetic, 
is permanofit in air, and fu.sible at a full red h<^t. 
The precipitated sulphide, however, is rearWy 
oxidised to sulphate in air, esjK^^-ially wlien 
moist. • 

It is decomposed by acid.s with evolution of 
sulphuretted hydrogen, and is usually employed 
for the preparation of that gas. ^ 

Ferrous 8ulphid<> forms the main (^nstitirent 
of iro« liUe {v. LUTES). 

Ferroso-ferric sulphide ^eS'Fo|S, forms one 


of the varieties of piprliotint : it is obtained 
when iron pyrlte.H is heated out of contact with 
air for the production of sulphur. MngnHio 
Pl/rUr^ nFcS'FeaSa or OFeS’FVaSa occurs in 
liexagonal jilates of a brassy colour. It is 
attracted by the magnet and has sp.gr. 4'4-4‘7. 

Ferric sulphide Fe^s, is obtained by gently 
heating a mixture of iron ami sulpliur or liy tlio 
action of «ulphmx.‘tted bydiugon on tlic sesqui- 
oxide below KH)', ami nuiv bt^ ])repan*d by 
poiiiing a solution of hunc salt into oxccmh of 
.immonmm sulphide, lly the latter reuetiou it m 
1 formed in Hie juinlicalion of e»»al gas ((.Jedel, .1. 
Hasbel. 100"), 48. 400; Stokes. .T .Anier. t’hem. 
j Soc, 1007, 20, 301), It Combines with other 
■sulphides of iron, and with the sulphidcH of, 
j silvi'i'. potassium, and sodium. T'hc hydrated 
Hulpliide is rapidly (.lecmiqiosed f)y air. and in 
ab.siuice of air undergoi's sjionlaneous decom¬ 
position into ferrous sulphide and iron disulphide. 

; Tin? ttnhyilrous sulphuh' is pyrophone if siuidenly 
! brought into contact vviHi air 
' >t(i'<■•< 111 ) 1 } ft ruf snlfilitiU K.-l'cnS^ is(3)lainod 
' will'll iron tilings, pot.issmm carlionato, and 
' suijiliur an' li<‘<ited together and the niasH I'X- 
traefed witli water It is thus obtaineil in 
I purplc-coloiired. m'('<IIc-slin}>cd cry.stals of Hp.gr 
2'8t»3. which burn when heated in air 
i Sodiinn J>'/nr Na2F(‘jS,„4H2t^ is 

‘ ohlained in a Kiiiiilnr way and ionn.s brow'll 
! mici’oscopic neeclle.s. It, occurs jii the ‘ black- 
ash iKiuors" of the l^'blane jii'oec.s.s. 

I I'lijuoii.H fiDic Miilpliiifr CiinS’FeaS, occurs 
j native ns ^ roppn pi/rihs.' 

1 Iron disulphide l‘’»'S2 occurs m immi'iiw^ 
ipnmlilies as //on pi/rihn or viinvlic in liard, 

I yellow, liras.sy eiibeM. sp.gr. 5185; or in other 
i forms of the regular system, and in masses of 
! various shapes, frcipientiy known aH ‘ thuiider- 
I bolts.’ 'Fins niinera), as well as ftKiiaifdc or while 
j iron p!/nti s (sp gr. 4 tiS -I'Ho), and ot^cr minerals 
I of the same compo.sjtion. but. <'rvhtallising m the 
I riioinlltc s^.stem, is prodm-ed in nature by the 
I reduction of ferrous sulphate hy organic matter, 

' and is therefore olten fmind forming foBwils in 
I peal., chalk, &e., and in clay, containing much 
organic matte?. .Marcasite may be prepared 
artifii'ially by lieating ferrous Huljdihlo with 
^sulphur ; by passing hydrogen sulphide over the 
oxidi'.s or chloinIcH of iron at a red heat; by the 
action of t-arbon disiilpfiuh* vapour on heated 
fern<' oxide or by lieatmg ferrn^ cliloridc with 
phosplffirus pentasulpimh* (Glat^/el, Rcr. J890, 
23. 37). 

Pjrite.s is quite permanent in air, but mar- 
casitc sh^wiy iK'ComcM oxidiscal ami diMintegrated 
on cxposui e. Iron pyrites is largely employed aa 
a Ktiurce oi si^phur in the iiiunufacluro of sul¬ 
phuric acid^ fernais siilphati', &c. (% Sui.PMt7RIO 
ACID; Sei.PHL'R). 

By heating iron disulphide with aluminium 
powder in a stream of hydrogen sulphide the 
compound AijFi.Sj is olptained (Houdard, 
0or\ipt. rend. 1007. 144, 801; nee also.Ditz, 
Metallurgic, 1907, 4, 780). 

lron%ubH(ulphide FC4H2 is obtained when iron 
is Ipsated in the vaipour oi carbtm disulphide. It 
forms ^ cryatallmo mass of an.gr. 6*957, and 
diasolvea in dilute* acids with evolution of 
hydrogen and hydrogen aalphide (Gautier and 
Hallopeau, Goifipt. rend. 1889, 1(^, 800). 

Ferric arsen^ occurs in nature os lliUngiU 
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FeAs^, ami with sulphur as mutyichel or 
arsentcal pyritcF FcjAsS, from which the greater 
part of the arsenic of commerce is obtained 
(f. Arsenic). Arsenic combines directly with 
iron. 

Compounds of carlwn, phosphorus, silicon, 
and nitrogen witli iron are also known. The 
effects produced on the propert-ies of iron and 
steed by the thre.*(' first-named elements are 
deBeril>ed under flie inanufaeturo of iron. 

Iron nitride FcjN {Stahlsehmidt, Pogg. An- 
nalen, I8<i4, 125, ’M) is obtained by the action 
eif excess of amiponia at 420® on ferrous chloride' 
or hroniitie. reduced iron, or iron amalgam, as 
a dull grev powder (Fow1<t, Chcin. ^oc. Trans. 
.1901.285): 

It may liejireparcd in the compact state by 
berating iron wire t>r rod to a bright red heat in 
a largo cxce'.ss of ammonia. The preKluct is 
so brittle that it can bo jxiwdored, and has 
.sj).gr. tl <M»T). Whe-n heated in air it is oxidised, 
and it ignitc.s when wanned in cldonne. Dilute 
acids dissolvi' it with tin- formation of ferrous 
and ammonium salt.s {Peilby and TTcndcr.son. 
(hem. Soe. Trans. IIKM, ]245t| (iunty, Compt. 
i-cnd. 1902, 135, 738). 

Phosphides of Iron. A pho.sphide Fcji* is 
irodueed by healing a mixture of fcrioiis nr 
errie phosjihate under common sail or by 
heating iron liiings with euprem.s phosphide in 
the (dectric furnace. It hinns lustrous grey 
(Tvsials, probablv hexagemal in form ; sp.gr 
0‘50; m.p. 1290® (Maronne'au, (./’ompt. rend. 
1900, 130, (>5t>; Jx' Chatclicr and Wologdine, 
ihid. ItHhl, 141>, 709). Hente'd in air it form.s the 
basic iiheispliate 2 Ke 20 ,.;,p 205 . 

When iron is heated m phosphorus vapour, 
or the inono.sulpliidc is heated in liydrog<‘n 
phosphide gas, the phosphide FeP is fonned. Jt 
IS a (lark grey powder of sp.gr. 5’7(l. 

Another* jimisjihide FcjPj is formed by 
strongly heating pho.splmrus and feme chloride 
vapours in a current of carbon dioxide ((iftingcr, 
Compt. rend. 1896. 122, 930); or by the action 
of the vapour of phosphorus iodi<lc on finely 
divided iron. It forms liard. non-magnctic, 
steel-grey crvatals ; sp.gr. 4*5. 

A phosphide Fc;,P of sp.gr. 7 74 and m.p. 
1110® has also been described (l.e Chatelicr* 
and Wologdine, l.r.). 

Iron boridps. Two borides of ironliavc been 
described; 

FcjB forms steel-grey pnsin.s; 7‘37 

at 18®. It is oxidised by dry air at a n^d heat 
and by moist air at the ordinary temperature. 

FeBj has not been obtained pure, but has 
Mi.gr. circa 5, and is extremely imrd (Binot du 
Jassonneix, Compt. rend. 1907, 1^45, 121). 

Iron dlicido SiFcg (ferro-silicon) ts produced 
by heating iron with silicon, or with silica and 
carbon, in the electric furnace (Moissan, Compt. 
tend. 1895, 121. 621; Bertolus, Fr. Pat. 393, 
818, 1908). It forms grey magnetic prisms of 
8p.gr.«7, and is readily attacked by acids. , 

^ ISeveml iron-silicon compounds are known, 
viz. FcjSi, FeSi, and FeSij. Two eutdtics are 
known, the first* containing *21 '6 p.c. Si yid 
composed*of F^Si and FeSi, the second con¬ 
taining 60 p.c. w and comj^sed of FeSi and Si. 

Under certain sireumstances eommereial 
ferro-silicon fliay evolve the gAeous hydrides 
of arsenic and phosphorus (present* os impurities) 


with venr bad effect on human beings (e.g. see 
J. Soc. diem. Tnd. 1909, 25; Peliew, ibid. 1914, 
774). The tendency to decomposition is not so 
i marked in alloys containing less than 30 p.c. Si; 
the richer alloys over 66 p.c. Si are also less 
liable to spontaneous disintegration (Anderson, 
Eng. and Min. J. 1917, 103, 1095). 

Iron carhlde {see Cementite and Steel). 

Ferrous Salts. 

Anhydrous ferrous salts are usually colour¬ 
less ; tlie hydrated salts are greenish or blue. 
Tin? solutions are sweet and astringent and 
ink-liko in taste, and form powerful reducing 
agents. • 

Ferrous chloride FcClj may bo prepared by 
passing dry hydrogen chlonde over red-hot 
iron or by reducing ferric chloride in a current of 
liydrogcn, wiien the anhydrous salt is deposited 
in colourlci^s shining scales, ■Hji.gr. 2*528, which 
an' very delKpieHeent and easily soluble in water 
and aleoliol. It fuses at a red lieat, and volati¬ 
lises at a yellow heat, the V.D. being 6*4-0'6 
(V. Meyer,‘ Per. 1884, 17, 1335). At 1300"- 
1500° ilu' V.D. is normal-^4'3 (Nilson and 
PetterKson. Chem. Soe. Trans. 1888, 827). 

In solution it is obtained by dissolving iron 
in liydroehlorie acid. Tt crystallises in delique¬ 
scent, bluisli-green, monochnic crystals, sp.gr. 
1*93, containing 4 molecules of wat-er. 

Solutions of ferrous chloride in strong liydro- 
chlori<5 acid are partially converted into ferric 
chloride by sulpnur dioxide. The reaction is 
reversible: 

41','Cl, f SO,+4HCI ^ 4FeCl,+S-(-2Il,0 

(Wardlaw and OewH. (’hem. S«)e. Trans. 1920, 
117, 1093). 

The anhydrous salt absorbs ammonia to form 
the compound Fct^j'ONHa, whidi gives off 
ammonia at 1(X)®. and at higher temjieratures 
yields ammonium chloride, nitrogen, and iron 
nitride (Fowler, ('liem. Soc Trans. 1901, 288). 
It combines with bromine to form the unstable 
compound Fet'ljBr (Lenormand, Ctompt. rend. 
1893. 116, 820). 

Ferrous bromide FeBr, is obtained as a 
yellowish crystalline solid by the union of its 
elements. Tlie hydrated bromide crystallises 
in bluish-green rhombic tablets with 6 molecules 
of water. ^ 

Ferrous Iodide Fel^^is obtained by heating 
iron with ioiHne as a grey lamino-crystaUine 
mass ; m.p. 177® (Carius and WanWvn, Annalen, 
1861,120.69). 

Ferrous sulphite FeSO^ Iron dissolves in 
aqueous sulphurous acid in al>senco of air, with 
formation of ferrous sulphite and thiosulphate. 
The latter salt is very soluble, but the sulphite 
is deposited in greenish crystals. 

Ferrous sulphate, green vitriol, or copperas. 

FeS 04 , 7 Hj 0 , occurs as melankrilc, being derived 
from the decomposition of the nativ<» sulphide, 
es^ially of marcasite, and is manufactured by 
the oxidation of pyrites by air and rain. 

S'he pure s^t is prepared by heatiiig an 
excess of iron wire or 1| parts of precipitated 
ferrous sulphide in parts of sulphuric acid 
dilijte^ with four times its weight of water. 

; The Bolu^on is acidified if nccessaiy, and is 
filtered quickly. Bluish-green monochnic crys¬ 
tals containing FqS 04 , 7 H, 0 , and having a 
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sp.gr. o! 1*889 at 4® (Joule and Playfair), are 
tKus produced. • 

It is prepared on the large scale by dissolving 
scrap iron in warm sulphuric acid of 1*150 sp.gr., 
and concentrating the nearly neutral solution. 
The liquid is settled, quickly drawn off, allowed 
to clear for 24 hours, and run into crystallising 
tanks, in which strings, straws, or wooden laths 
are suspended to induce crystallisation. The 
crystals are washed with a minimum quantity 
of water and dried. 

When sulphur is distilled from iron jiyntes, 
the residue, known a-s .sulphur wash, is laid 
upon inclined shelves in contact with air to 
oxidise. The weathered mass is le^gatcd, and 
the ferrous sulphat-e is crystallised out. 

Largo q^uantitios of this sulphate arc ob¬ 
tained in the manufactiiro of copper sulphate 
(tj. Copper), and small quantities in tin* piepara- 
lion of sulphuretted hydrogen for jirecipituting 
arsenic from sulphuric acid. 

Ferrous sulphate is obtained at Fahlun din jtig 
the extraction of copper sulphate from mine 
water, and also from the runnings of otlier mmcH. 

The fialzhvrq I'ilriol prepared at Jluxweih'r 
contains ferrous and copper sulphates (r. 
Copper), The copptT may bo separated as 
metal and any excess of a<‘id converted into 
sulphate by the addition of scrap iron to the 
liquid. 

(’rude ferrous sulphate always contains ferric 
sulphate, which gives the crystals a imire de< idcd 
green colour; they are frt'quently coated with a 
yellow deposit due to oxidation. Jly washing 
with absolute alcoliol, this deposit, being soluble, 
is removed, and the crystals are rendered more 
permanent. 

The pure salt may bo obtained m the inc)Nt. 
permanent condition by precipitating a con¬ 
centrated aqueous solution by addition of exci'ss 
of alcohol and washing the pweipitated crystals 
with nearly absolute alcohol. It can be obtained 
perfectly pure and dry, by jxiwdiuing an ordinary 
sample and repeatedly pressing it lietween filter 
paper. It is quite stable in air at 15°, and neither 
oxidises nor effloresces, or deliquesces (I)e 
Forcrand, Compt. rend. 1914, 158, 20). The 
presence of even a trace of ferric salt increases 
the liability of the crystals to oxidation. The 
crystals contain 7 molecules of water and arc 
nionoclinic, of §p.gr. 1’889 at 4^ Another 
hydrate contains 51itv> and crystallises m the 
triclinic system, being imorphous witli 
OuS(> 4 , 6 H/% Ferrous sulphate may be ob¬ 
tained in rhombic prisma containing 4 mole 
cules of water, isoniorphous with zinc sulphate. 
Crystals may also bt? produced containing 3 
and 2 molecules of water. The monohydrate 
is obtained when the heptahydrate is allowed 
to eflSoresc© over cone, sulphuric acid, or when 
it is melted in its water of crystallisation and 
allowed to solidify (Etard, Compt. rend. 1878, 
87, 502 ; Scott, Chem. Soc. Trans. 1897, 5(>4W 

When gradually heated to 140° la vacua it 
loses 6 molecules of water and becomes colourless, 
but the remaining molecule is not remavod 
at 260®, and, except when heated in small 
quantities, it is impossible to render the salt 
anhydrous without loss of acid. At a re^l j^eat 
a 1:^0 sulphate is^roducod, with e^^olution of 
sulphur tnoxide, and, at higher temperatures, 
ferric oxide is left.' A copiplete investigation 


of the dissociation of ferrous sulphate has been 
made by L. Wohler, Pluddemann, and P. Wbhler 
(Ber. 1W8, 41. 793). 

Ferrous sulphate is insoluble in absolute 
alcohol. Us solubility in 100 parts of water is 
10° 15® 25® 32*5® 40° 00® 90® 100* 

01 70 115 151 227 203 370 333 

The reduced solubility at KXl® may be attributed 
to partial dehydration or dissociation. 

The aqueous solution slowly oxidises on ex» 
posurc to air, and deposits a yellowish, highly 
oa«it; feme sulphat«‘, leaving the normal ferric 
siiljihafe in solution. 1 'lie acid finally liecomes 
divided between \ he nn'cifiitated salt and that in 
solution, rendering t he former less basic but stiU 
insoluble, an<i converting tlie normal salt into 
a soluble basi<‘ suljihalo. Ferroifs sulphate, like 
the elilorKli*. absorbs nitric oxide in solution. 
Tlie gas is given off in a vaeutini, or when the 
solution IS heated, but it. pnibnbly forms tho 
compound When such a solution is 

mixed with .sulphuric acul and cooled a purple- 
red colour IS jirodin’cil, which is used in the 
well-known ring test for nitrati's (.«rr a!si» Macdiot 
and ZechentnuK'her. Aiinuleii, ItMJb, 35t), 398). 

On account of its reducing power, ferrous 
sulphate precipitates goltl and pallailium from 
solution, and ixnluees iiuiig<» to the leueo com¬ 
pound. 

Ferrous sulphate is largely used in dyeing 
and taniung, and in the maniifactun* of inks (e. 
Ink), Prussian blue, red oxide of iron, and other 
f)j«menf s. In weak solution it is said to promote 
the growth of certain plants, espeeiolly of roots. 
When added to (‘xcremental matters it absorbs 
ammonia and other volatile substances, and 
renders the matter almost odourless. It is 
for till' treatment of sewage {sec c.g. Pochin 
and Hichurdson, Eng. Pats. 15239 and 17970, 
1908). , 

In dyeing textiles, leather, wood, &c., it ia 
largelg’ used for the production of various ahades 
of block, grey, liia<‘, and brown. It is used as a 
mordant for the pr<iduction of Prussian blue in ' 
calico-printing, and is the raw maU'riai from 
which acetates, iiitrosulphates, ami other iron 
mordants are prepared. , 

Ferrous disulpoate FeSjO, is separated as a 
whit(“ pciwder on addition of excess of concen¬ 
trated sulphuric acid to a concentrated aqueous 
solution of the normal sulphate. On addition of 
wattT^it is ilecompo.sed into the normal salt and 
free a<*id (Bolas, Ohem. Soc. Trans. 1874 , 812). 

With ammonium and potassium sulphates, 
ferrous sulphate produces double salts contain¬ 
ing 0 nfolecules of water and of great stability 
and fine crystalline form. 

Fenous*afiiroi>nium sulphate . 

FeS04,(NH4)jS04,fiH,0 

is prepared by dissolving molecular proportions 
of the two sulphates in the minimum ^uanti^ 
of hoi. water, filtering hot, atid crystolUamg. It 
forfis fine bluish-green monoclinic crysUls of 
sp.gr. 1*813, of which 100 parts of water 
solves *6 parts at 20° and 50*7 pRrta at 76®. 

#The double satt is permanftnt m air, particu¬ 
larly urhen. preoipitatea by add-on of alcohol to 
the concentrated at^eous solufion and washed 
with absolute alcohol, and is used by chemiste 
in place of ftrroua sulphate, fspecialiy lor 
standardising elutions. 
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Ferrous phosphate F<‘ 3 (r 04 ) 2 . 8 H 2 (> ocourn as , 
Vmnniti’ or blue irmi (arth, Homotiinos inixod 
with flay and or associatod with bog iron 
ore. It may 1 m? produced by addition of sodium 
|ilioMf>liat.o t,o fcrixuis HulphaU*. The fresh pre¬ 
cipitate ih used niedi'-inally. When (piite pure 
it is colourless, but it rapidly becomes bluish or 
green from oxidation. When iron is dissolved 
in phosphoric aei<l the solution deposits colourless 
nerdlrs of 1*V{ 11 ),)/>, wiiich rapidly alter 

Ml air (Krlenmeyi'r, Aiinalon, IHTH. I!)4, 182). 

Ferrous arsenate jnepared from b'rrous 
snlplial^* and sodium arsenate has been pioposed 
for use as an insectieitle, for whi<‘h jiurjiosi' it has 
many advantagi's over Scheile’s green (\’cr- 
uiorel and D.intonv, C'oinpt. rend. IttOlt. 148, 
302). 

Ferrous carbonate Fet’o^ occurs as vy»o//oc 

iron ore, together with thi- cailionates of lime, 
magnesia, and manganem*. Chiif doii. sl<>nr is an 
argillaceous ferrous i-urhonale 

Kerrou.s i-arhonate dissf>|veH in wali'r contain¬ 
ing free carbonic acid, th<* acid sidt so produci'd 
being the essential constituent, of ehal\beate 
waters. The solution is decomposisl rapidly on 
hoiling and slowlv on exposin'^ to air, with pre- 
< ipitation of nn oehreous deposit of the liylraleit 
oxide, wlueli. in lh<‘ ease of mini'ral waters, 
freijiiently contains organic niatb-r and feni<- 
ai'senale, and is oeeasionalfy found to eonlaiii 
antimony. 

Spathic iron on* can la* obtained ait iliciall^ 
in microMcopie rhnmbohedra by precipitating 
fi'rrous suljihnte with sodium hydrogi'ii earlMmat<‘ 
and lu*a,ling Ibe solution for 12 !hi hours at 
15(4'. When sodium carbonate solution is 
addeil to ferrous sulpliate solution a flocculent 
whiti* preeipitati* is obtained which rajiidl\ 
become', green, and is ulliiiialeh completely eon- 
vert<'d into ferric hydroxide. 

Ferrous irflrate t\‘(N(>,)jd>M/) is prepared by 
dissolving huTous sulphid** m dilute nitric acid, 
or, preferahly, hy a<ldifion of haniiin nilrtfte to 
ferrous .sulphate solution. 

* 'I’he .solid salt is very soluble in water and 
very unstable, changing to fmne mtiate. Tin- 
action betwi'cn iron and dilute nitne lu-id iloes 
not lx's!!!! \v. lh(‘ formation of ferroms nitrate, and 
IS extremely eomiiheatt'd (Montemartim. ('hem. 
Soe. Abstr. 1892. 127K). 

Cyanogen compounds of Iron ( Vamdks). 

Ferric Sams. • 

Aix' usually of yellowish or ri'ddish brown 
colour. In .solution they are re<lm'ed to tin- 
feiTous condition by v.ino, or. with pix-eipitation 
of sulphur, by .sulphuretted liydrogon. Potas¬ 
sium or oilier soluble thioeyanatp imparts an 
intonse blootFred colour to a neut^l or ai id 
.solution of a ferric suit. 

Ferric fluoride FeaFj.Cdl./) r. Ilecoura 
(Compt. rend. 1912, 154, #.V») 

Ferric chloride •FeCls or IV.Cl. may be 
obtained in the anhydrous condition by pasj^ng 
exijess of chlorine gas over i-ed-hot iron or by 
passing hydrogen chloride over the •heated 
sesquioxide, and thus occurs mot infrequenVy 
in the craters volcanos. Thus prepaiVKl, it 
forma iridescent iron-blacl^ scales wnich are 
diehwnc, appearing fed by transmitted and 
green by refle<^e<l light. • 

In solution it may lie prci»ared«by dissolving 


the precipitated .sesquioxido in liydroclilorio 
acid, and driving off the e\ccs.s of acid by heat; 
or. preferahly, by dissolving iron in hydrochloric 
acid and passing chlorine through the liquid 
until saturakMl with that gas, finally entirely 
removing the chlorine by passage of a current 
of carbon dioxide tlirough the warm liquid. A 
commercial method for the preparation of ferric 
chloride from native phosphate of iron and 
ulunmiium liii.s bi-i-n dcscnbcid by Schroder 
(I). H P 192.'>91). 

I''cri'ic chloride readily volatilises at 448®, 
and the V.l). is then less than tliat required for 
J'e^{4„. ft IS, tlicrcfore, j>robable that the 
molecular fftrmid.i i-s Fei-'l^ ((;lriuiowald and V. 
.Mever. Bcr 18SH, 21,587) In boiling alcohol or 
ctiier it also ajipears to have the molecular 
formula (.Muller, (xmijit. rend. 1894, 118, 

541). At tlie oixlinary temperature it tonus 
unstah!(‘ conqxmnds with nitrn* oxide, but at 
liigher tcmpeiiituies it is reduced by that gns 
to Icrious chloridi- (BcHson, (loinpl. ix-nd. 188!). 
lOK, 1512; I’lioma-s, ihi'l 1895, 120,447; 121, 
128). 

Feme cliloiidf is \erv deliquescent, and 
dissolves III alcoiioi an<l el her. The coneentraled 
aqueous solution is dark brown and oily: it 
diliile<l it 1 k'C()IU(',s (ti a ]iale yellow colour. In 
ililute solution the .salt may exist as Fe 2 (’l 4 ‘C'i, 
(Tiiferell, Zeitsrh. aiiorg (’hem. 1908. 59, 82). 

; TJiere are four hydraO-s of ferric ehloride, 

I F»-(’l3.51LO. m.]). 37 '; 2Fe(')-„7IJ2(), m.p. 32 5® ; 

I 2 Fc('ly.r)H 2 (>. m.p. 5(i ; and Fe('l.,.2li«(>, m.p. 

! 73 ')’. Solutions winch contain more of the 
! chlondi' than corresponds with the comjiosition 
: Fc( 4 ,. 21 l 30 deposit the, anhydrous salt when 
' heated above 5(4'(Hooxeboom, Zeitseh. jihysikal. 
(!hem. 1892, 10, 477). 

('omj)ounds of the formula' Fe(33,HCI,2H20, 
Fe('l.„l l('1,411 jO, and FeOl^.lK'hblijt) are known 
(.Sabatier, Bull. Soe. ehim. 1881, In.) 30, 197; 
j Roozeboorn and Schreinemaeker, Zeitsch. physi- 
• kal. Cliem. 1891, 15, 588). 

1 Fem<- eldoridc is jiartly hydrolysed by 
water with the formation of many complex 
! colloid IicmIioh (Maltitano and Michel, Compt. 

; ixmd HM)7, 145, 185, and 1275; Michel, tbid. 

1908. 147, 10.52, and 1288; Kratz, J. Phys, 
'(jiii'in. iina, Hi, 12«). 

Fi'i’iic chloride forms compounds with 
alkaloids, most of which have^delinito melting- 
points. Tile u.se of substances has been 

suggesti'd for the identification of the alkaloids 
(Schultz, Chem. Soc. Abstr. 1908.«». 202, from 
Bcr. I>c 0 t. pharm. ties. «1908, 18, 44). 

Solutions of feme chloride in methyl alcohol 
are roduecd by light, which acts, not as a cata¬ 
lyst, but as the source of the energy required to 
bring about the reaction (Benrath, J. pr. Chem. 

1909. |u.l 80, 283). 

Kerne chloride is sometimes used as a dis¬ 
infectant. Jt deodorises sewage with partial 
reduction to ferrous chloride. 

VVith potas-sium chloride it produces a finely 
crystallised garnet • coloured double chloride 
Fe2(jl„,4K(i!l,2Hj(J decomposed by water. A 
similar garnet-coloured salt crystallising in 
cubes is formorl with ammonium chloride and 
IS usei;^ medicinally as ammo7iio-rhloride of iroit, 
Tho salt used, however, doe# not correspond to 
the potassium salt, but usually contains less 
than 2 ji.c. of iron. Jt is veiy deliquescent and 
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may be considered as formed by tlie combiiia- 
tioii of tlie normal salt Fe^01^.4XH/:b2HaO with 
variable proportions of ammonium chloride. 

Soluble and insoluble ori/rfilortdi‘t of iron 
are known, but are unimportant. 

Ferric sulphate Feg(S<),)n o-cuw m Clulo us 
c<Mj[uimhite in whitti silky ])yramid 8 contaiumg 
Kej( 804 )j, 9 Hj{ 0 . It is usuaHy prepared by 
ini.xing one equivalent of eoncentratod sulphune 
acid with a solution of two equivalents of ((‘rnms 
sulphate, concentrated nitric acid being added 
in portions to the hot solution until n-d fumes 
I'case to be cvolvetl. On concimtrating I he solu¬ 
tion to a syru|) coiourles-s crystals are ohtaiiH'd. 

Several hydrated basic siilphaif's art' pic 
])ared artihcially, or occur in nutmc. 

' Ferric suljihate, obtained by dehydrating tin* 
hexahydrate at 108', diss(.d\es in ethyl aleohol 
to form a solution in wlmh hanum clilorule 
forms no prceijiitati' of hanum siiljiliati'. ’I'liis 
fact is explained hy R(‘coiira ((.'omjtt rend. HHl, 
153, 1223) by assuming tfiat the tnhyilrat<“ lui.s 
the constitution F(s(SO,,):,(OH)() analogous to 
the grcM'n pentaliydrate of <'hr<jimc sulphate. 

I'ViTic suijihate is us<'d to a slight exO-nt in 
tiyeing cotton, hut not in printing The h^l'^le 
.siilpliate.s are used ioi‘ dyeing cotton, lor tli<‘ 
production of hulfs, or. m comlunatiou witli log¬ 
wood and sumach, for blacks. The iron mordant 
juvpared by treating feiTous .sulphate with nitne 
acid IS ,s<)hl as mtio-'nilphatr or tnlmiv of non, 
and i.s uHcrl in dyiung, hut not in printing ci>tton. 

W'lth alkaline sulplintes ft-riK' sulphate foims 
double salts, re.semhlmg and eoi-rcsjioiuling in 
composition t.o alum. 

The potsissium salt, iron filnni 

Fej(S<) 4 ).,.K 28 () 4 . 24 H^U. is prepaitai hy nn.vnig 
mfilooiilar propoilious of ferric ami potassium 
sulphates ami concentrating liie .solution spou- 
taneously. It forms hue violet oetahi'diu very 
liable to deeoinpo.se into a brown, gummy, i 
deliqiie.sei'iit iuas.s. This aiiiin is u.sed to a 
limited extent in dyeing and ealico-printing. 
If caustic potasii is added to a solution of iron 
alum, and tlie brown liquid allowed to evaporate, 
yellowish-brown crystals soparati! of the eoiii- 
jiosition 2Fe(S()4),(()]l)2,l<51l2(>. Tln-so 

iry.stals have th‘e peculiar optical properties of^ 
tourmaline (ir/ Lachaud and (..epierix*, Compt. 
rend. 1892, 114, 915). 

The eorresponjling ammoiiiuiii alum is more 
jiermanent, and lias in. eft proposed as a stamlard 
111 titrations (de Oonineic, Bid' .Soc. ehini. lt)09, 
23, 222). • 

Ferric nitrate FegfNOa)^ may be obtained in 
.several statiis of hydration by crystallising the 
.solution obtained by the action of concentrated 
nitric acid on scrap iron or iron oxide. The 
hydrate FcjfNOala.dHjO crystallises in cub<is 
and the hydrate FcjfNOglj.^HjO in colourless 
monoclinic crystals. It is usually prejiared by ■ 
the first'method for u.se a.s a mordant for pro¬ 
ducing buffs and blacks in dyeing. An alkuUne 
mordwt is prepared for tlycing and calleo- ; 
printing by treating a ferric salt with caustic I 
soda, with addition preferably of glycerol^ or ! 
sometimes of glucose, to prevent precipitation of 
the oxide. 

Nltroso-eompounds of Iron. Anh^d^us 
fenio chloride ahiorbs nitric oxide, forming 
the compounds 2FeCla*NO and 4FeUl8*NO as 
reddish-brown, hyg^o«copic,powderg>. The action ' 


of nitric oxide on an ethereal solution of ferric 
chloride gives nitmsyl ehlorido and a solution 
which, when evaporaUnl over Huljihurio ooid, 
deposits black needles of the composition 
FeCl 3 *NO, 2 HjO ; or at fiO'" gives the anhydrous 
salt FeCla NO, crystallising in yellow noodles 
(Tlinmas, Compt. n*nd. 1895, 120, 447). 

; The stable nitixwo compounds weri’ dis- 
‘ ooveivd by Koussiu (Compt. rend. 1858, 4«, 
224). and are formetl by tho action of ferrous 
Milphivtc (HI alkali iiitriU's and sulphidi's. They 
are salt.s of eonijilex aeub. containing mm imd 
the monovah'iit group NO' in the acid radicle 
(('.uiilii, .Vtti. U. Acciul Linix'i. 190S. |v ) 17. i. 
202 ). and tall into t v o « Iushi'h : 

(1) Fcnoiiinilro'-o donvnUxi'K. • 

(2) Fi'n-uhi‘]>ia>tiiio.'ni dcrixalivos. 

FoUtsstnm Jd-rodiniho.'iO .'tulpfndr 

Kil-V(NO),S|, 2 H 20 

is forimMl hy tin* action of caustic pota.sh on the 
hcptamtrosoMiljjliidc (/• infrn). It form.s dark red 
crystals, msoluhle in water, and decomposes 
vioionlly u hen lusdi'd, yielding potassium and 
anirnomiim siilphat'Cs ami othei products. 

The free aci'l HIKelNOl^HI is ohlained by 
the action of sulphune aeid on flu‘ potaHsium 
salt and slowly tlceomposes into hydrogen sul¬ 
phide. uitrogt'ii, nitrous o.xide, and tiie lieptu- 
nitroso acid. Tlie (‘lliyl and phciiil derivatives 
have been jirepan'd • C^H^!Idd-N’t^lj^]. unil 
C,IU[Fe(Nt») 2 S]. 

Folii.s‘>iinii f(nodnntro‘«iihtosnli>fioh' 

K|Fe(X()) 2 S 20 ,l.U.i<> 

IS ]>repare«l by jiasHing mtiie oxide into a solu¬ 
tion of feriouK sulphate and pota.ssium thiosul¬ 
phate for 10 Imuis. It forms reddish-brown 
eryslals witii a bronre lustn^ whieii are but 
slightly sohilde in water. The ammonium and 
sodium s.ilts ate similar, but tlicMatter is the 
moro^soluble. 

fi rrofn ptanttronoHulphidi: 

K(F<‘ 4 fNO),S:,l.n 2 (> 

is the most stable of these salts and is formed by 
the action of ferrous sulpluito on potassium 
nitnie ami siilpheh* in solution, or l^ boiling a 
solution of the ferrodinitrosotliiosulphat-o. It 
forms dark-colourcil monoelinic crj’staU having 
an adamantine lustre and is only sparingly 
solublg in water. 

Tho free acid is obtained as an amorphous 
brown mass by th(‘ tt<‘tion of sulphuric acid on 
tho potassium salt. 

The ammonium salt may be prepared by the 
action of nitric oxide on freshly jirccipitatcil 
ferrous sulf^hi^c suspended in water. 

• (For details ns to these oonfjiounds ^cc : 
Proezinsky, Annaleii, 1803, 125, 302 ; "IRoticm- 
berg, Ber. 1879, 3. 312; Pavel, ibid. 1882, 16, 
2000; Marclilcwski afhl^ Sachs, Zcitsch. anorg. 
Clien. 1892, 2, 175 ; Mari 6 and Marquis. Ck>mpi. 
reral. 1890, 122, 137 : Hofmann and Wiede, 
Zoitsch. anorg. Chem. 1895, 8 , 318; 1896,vO, 
295; 11(95. 11, 281 ; see also Atti. R. Accad. 
Lilioci, 190U, Iv.] Ui, ii. 4(17; l907, [v.J 10, i. 654.) 

Ferric phosphate occur net^ive Hh Inraunife 
Fe,(P04)j-4Fo2PU,(HO)„8HaO. 
formed by thS oxiilation of vtdtanite, and as 
dufrendte 
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The normal phosphate, FePO,, is produced 
iw a yellowish-white precipitate by adding 
sodium hydrogen phosphate to ferric chloride 
solution ; it is soluble in dilute acids (except 
acetic acid) and jk slowly deconi)) 08 ed by water. 

When ferric hydroxide is dissedved in ortho- 
))hoHphoric Rcid and the solution rapidly evnpo- 
ratcfl. the di-acid salt Fc(HjPO^), is obtained 
as a jiink orystallini* powder, decomposed by 
moist air. with birination of the moimcid salt 

Ferric metaphosphate is deposited in pink 
plates when the hydroxide is digested with 
glacial jihosplioric acid at (Kautefcuille and 
Margntie, (Ompt. rend. IKHS, l(Hi, 13H ; .lohn- 
Hftn, ller. 1880. 22, 070). 

Pascal has liesrrilM'd (Comjit. rend. lOOS. M(>, 
221, 270) e(*rtain complex salts of iron with 
phosphoric iwid in winch th<‘ iron c^jst^ in tli<‘ 
aci<l railicle. 

Sodium ferrlpyrophosphate Xu„Fc.^(I\(l), 

is pn-cipitaU'd as a pale violet, innto-crystidlinc 
powder from a saturated solution (»f ferru- pyio- 
phoHphale in 1.7 j).c. sodium pyrojihosphate 
solution maintained nl 20" 'I'ln* sd\cr and 
copper suits and the fr(“c ai id inne Is‘cn pre¬ 
pared. 

Ferric arsenite Fc-.{Ast);,).^ js of miemst as 
lieiiig the salt produced when freshly precij>i- 
tated liydrak'd oxide of iron is taken as an 
unthlote in cases of arwuiK-al poisoning. It tniiy 
l)e obtained as a brown pn'cipitati' by addition 
(d arsenioiis acid or an aiseniU' to a solutKui of 
ferric acetate. 

Ferric acetate r. Acetatks. 

Ferric ferrocyanlde v. Cyanides. 

Ferric tannate or Ifolh ItinnaU' forms the 
basis of bla<'k inks (e. Ink). I'Ik* sponges, saml, 
puniice-.stone. &<• , of (i(‘rsoirs lilters an* iin- 
pn'gnated with the tannate. which is said to 
completely rdinove all organic matter from w’ater 
{>'. Steiger, J. Soc. Chein. Ind. 1880, 410). 

Ferric citrate FelC^HjCl;) is prejmn'd bj dis- 
, solving the hydrated oxide m eitrie acid, and 
cv’ajKirating the solution in thin layeis. It forma 
permanent, tranaparenl. gurnet-eoloun'd stales, 
whieh diflsolve slowly in water, but are insoluble 
in alcohol. ‘ 

Ferric ammonium citrate is prepared as 
above, witli addition of ammonia. It forms 
thin, transpanmt. dcTp-red scales, which dis¬ 
solve readily in W'ater, l>ut not iu al^sAlute 
aleoliol. 

it is uwd in medicine us is also the double 
eitmU' of iron and quinine. 

IRON CARBONVU, Tlmu* carbonyls of 
in>n are known, vi?. : Iron ]>eutaearbonvl 
FefCO)^, inm tctracarbonyl Fe((,‘0||, iintl di- 
ferrononnearhonyl Fej(C‘( )}*. 

Irofi' pentaearbonyi. This compound was 
diBcoverwl by Mond, lArmer, and Quincke, who 
prepared it f>y treating Wely divided iron, t)b- 
tained by reducing ferrous oxalate by hydrogen, 
with ciarbon mqnoxide. On heating to 120“, 6he 
carbonyl diatilied o^er and was collected in u 
cooled tube. Tlie yield is about 1 g>%m jier 
100 grams of ironICiiem. Soc.Trans. 1891, H04 
and 1090).* * • 

Iron pentaearbonyi is a*viBoid yellow liquid 
of 8p.gr. 1'46G at 18^^ b.p. at 749 mm. 

At —21* yellow crystals are tormed, which 
become white at the temperature of liquid air. 


It is not acted upon by dilute acids, but con« 
centrated acids form tho coitesponding salt 
with evolution of carbon monoxide and hydro¬ 
gen. Upon exposure to air, it is converted into 
ferrous hydroxide and eventually into the red 
fcn-ic hydroxide. The pentaearbonyi is soluble 
in most organuj solvents and in nickel tetra- 
carbonyl, forming FeNi(CO )9 {?), insoluble in 
waU'r. 

Light decompose.s the pentaearbonyi. giving 
tin* (liferrononaearbonyl and carbon monoxide : 
2Fc(('0). — Fe2(CO)j,4 C'O (fh'war and .Tones, 
Froe Rov. .Soc A. 7h, 788; ltK)7. A. 79, 

(hi) “ 

Tlie (ie<T>mpo.vition of Ibo |K*ntacarbonyl is 
most rapid ui olue light and least of all in red, 
green and yellow being intermeiliaie in their 
ctTccts ; in fact, a solution exposed to blue light 
will dcfxisit aixMit t/on times as much solid as a 
.vinuhir solution I'Xposed for the same jK*riod to 
red light. 

Tlic action of light on tlie pentaearbonyi is 
rcvc'rsiblc, as tlie substance in scahul tubes, 
after exposure to light, wlieii left m the dark, 
gradually Ix'cone colourless. 

Dlferrononacarbonyl cry.stallises m lustrous 
hexagonal golden or orange-coloured oi^stals 
of ap.gr. 2’087 at 18®. wliicli are perfectly 
stable in dry air. They are decompo.sed at 1(K)“ 
vieliiing the pontaearlionvl. carbon monoxide, 
ami iron: A'jjlCO)^--Fe(U())i^-f4('Od Fe. It 
IS insoluble in water and nearly so in benzene, 
but IS slightly soluble in alcohol or acetone and 
v(*rv soluhli' in pyndiiu*. The nonacarbonyl in 
s(tlu1ion lioalod to 95’ becomes gn*en and 
then eonlams the ielr<f(‘<i>fi07H/l Fi‘(('(l)^. At a 
higher ti'nqierature it forms the pentaearbonyi 
togethei with iron and carbon monoxide, the 
ix'action taking place in two stages : 

2Fe„(C())«--:2Fe(CO),4-2Fe(C<)), 
2Fe((:0)4 -Fe((!0)5+Fe + .3(‘0 
IVhen strongly heated the action is : 

2Fc2(C'0)»-3Fc(C0)5-fFe+2C0 

Iron tetracarbonyl. The method of prepara¬ 
tion of the tetracarbonyl is as follows : a solu¬ 
tion of the dlferrononacarbonyl in toluene (1 
• gram to 20 o.o.) is gradually heated to 95’’ in an 
atmosphere of carbon dioxide until the reddish- 
yellow solid lioa disappeared. On cooling, green 
crystals of the tetracarbj^nyl a*:; formed : 

Fe,((’0)„-Fe(r0),4Fe(at), 

The yield is 20 j).o. ♦ 

Tho tetracarbonyl forms dark green lustrous 
crystals of sp.gr. l'99t) at 18“, stable at ordinary’ 
temperatures : on heating at HO^-LTO®, iron 
and carbon monoxide art* formed. The em- 

f lineal formula is Fe( 00 ) 4 , but the molecular 
ormula in benzene appears to be fFc(CO) 4 j 2 o. 

The substance is insoluble in water but 
solubh* in most organic solvents giving green 
solutions. In pyrimne, the solutions are first 
gn''n. but soon Uicome red, especially on warm¬ 
ing. The change in colour is probably due to 
mulA^ular dissociation. The green* solutions 
lose their colour u{)on exposure to light, iron 
being deposited, but the red ones are unaffected 
by bght. 

IRON nEMENT r. Luts#. 

IRON UQUOB. Ferrtnts acelak (r Acetic 
Acm). ^ t 
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IRON PYRITES. Ferric aul^ihide (v. Pyrjtks ; 
Iron). • ^ 

IRONE V. Ketones. 

IRVINGIA BUTTER v. Waxes. 

ISATIN V. Bone-oil ; -Indioo, Xatttbal; 
Indigo, Artificial. 

ISATIN BLUE v. Bone-oil. 

ISETHIONIC ACID CKjOH CH^SOjlI, an 
isomeride of ethyl sulphuric acid obtained by 
the action of .sulphur trioxidc on cthlylenc, or 
ethyl alcohol. Has the dual function of a 
.“ulphonic acid and alcohol. With phosphorus 
))entachlorido forms the chloro-a<'iLl chloride 
CH^Cl’CH^SO d'l, which on hydro'.ysLs yield’ 
chlorocthyl. sidpfioiiic nvid (.'Jl.i'^l-('1I..S0 ,H. 
This heated with ammonia solution forms amino 
ethyl sulphonic acid CUjNHa'llH^SOaK, which 
is the taurine of bile. (T. art. 'I'auuink.) 

ISINGLASS (Fr. Coll^= do poisami ; (Jcr. 
Ifuluie'nhktfsc) consists of the dried swimming- 
bladders of various fishes. These bladd(*rs differ 
in shape and size, according to their origin, and 
are prepared either liy simply drying them whilst, 
slightly distended, which process forms ‘pipe 
isinglass,’ or by splitting them oiien, pn'ssing, 
and dicing them in the form of ‘leaf isinglass.’ 
That, form, again, whuii is known as ‘ purse 
isinglass,’ consists of such bladders 11.9 contain a 
natural opening. 

The chief supply of isinglass is derived from 
Russia and Jludson’s Bay ; some nortion also 
being obtained from Brazil, West Inaies, Penang, 
Boinbay, and Manilla; the finest kmd, the 
‘Beluga leaf,’ coming from the Hrst-nnmed of 
tliese countries, and' being the jiroduoe of a 
species of sturgeon. Other Russian or Siberian 
varieties are ‘Astrakhan leaf,’ ‘ Salitinsky leaf,’ 
and ‘ Samovy leaf.’ 

The following are the principal species of 
fish from which Russian isinglass is obtained : 
Acipenser huso, or the Hauwm; A. (hddcii- 
stcediii, or the Osseter; A. ruiheniia, or the 
Sterlet; A, aUdlatus, or the Kewruga ; Silurus 
glanis and Cyprinus carpio. The isinglass of 
New York is derived from LabrwH squetengue; 
that of New England—the ‘ ribbon isinglass ’— 
from the common Cod, Gudus Morrhua. In 
Brazil, it is taken from a species of iStlnrus \ and 
in Iceland, from Gmhis and Molvu tmlgarta, 04 
the Ling. 

The chief emporium for Russian isinglass was 
the great fair %f Niijfi-Novgorod, whence the 
largest part of the luerchandiHe found its way 
to London, through tbo agency of I’etrograd 
traders. Il arrived here about the end of 
June. Those supplies' which reach u.s from 
Brazil and other countries arc received at all 
seasons. 

The fish being taken, the bladders arc imme¬ 
diately removed, sufficient care in the clean.sing 
of them from mucus and blood-stains being 
often purposely neglected, since a loss of weight 
results in the process when properly performed. 
In consei^uence of this neglect, the value the 
material is diminished in proportion to the im¬ 
purities which it contains. 

On its*arrival hero isinglass is a hard,^ough 
substance, and for many purposes it is necessary 
to ‘ cut ’ it. The operations of ‘ cutting ’ con¬ 
sist, first, in Boa^og the flakes until soinawhat 
pliable, trimming the edges, and Acraping off 
the dark spots ; next, in putting them througfa 


! two sets of rollers, under groat pressure, by 
which they are flattened to the thickness of 
writing-paper j and, finally, in cutting them into 
fibres of exironio fineness, a process now almost 
always effected by a machine constructed for 
that purpose. 

The uses fur wliich isinglass is employed 
arc the ‘fining’ or clarifying of fermented 
bcverago.s, as ale and wmo, and various culinary 
yfejiarations. For the former purjiose, the pro- 
])ertieH of isinglass are rmnarkablo; for, whilst 
jmssessing the e.\act chemical composition of 
gelatin, it lias the jiowcr, which is wanting in 
gelatin, of entangling in the film or web which 
It forms as it dissolves, all the HU8j>cnded im¬ 
purities contaiiH'd in the liquids w’hich it is 
Houglit to clarify. I he iow’er grades of isinglass 
are uscil cither in the natural or the manu¬ 
factured condition by brewers and the manu- 
facturc'rs of cider, and the bettor classcH of the 
Russian material by wine merchants. For the 
purpose of th^^ brewer it is usual to dissolve 
the isingbiss in sulphurous acid wiiich has a 
tendency to preserve the ale. 

The choicest descriptions arc used by the 
cook and the conf(*ctioner for the thickening of 
soups, jellies, Ac., but as for these purposes 
tlic lining properties of isinglass arc not 01 any 
account, gelatin servos equally well, and has, 
under the name of patent isinglass, been so 
employed (f>. CtLI'e). 

ISOCETIC ACID LiilIjiCOOH, ni.p. 55*. is 
obtained from tlie oil extracted from the seeds 
of Jairopha Vureas (Lmn.) (Bouis, J. 1654, 
462). 

ISOFORM V . SyMHKiTC drugs and iodo¬ 
form. 

ISOPRAL. Trichloroisopropyl alcohol 

L'Cla'CHOH-CHu 

m.p. 49’. Obtained by the action of methyl 
, magnesium bromide on chlorals Used os a 
' hypm>tie (e. 8yNTHKTlC drugs). 

ROPRENE. ^-Mcihyldivinyl 

CUj:F(rHy)CH:CH5 

Uiscoverod by Grcville Williams among the 
jiroducts obtained by the destructive distiUation 
of ruliber (Phil. 'JVans. IWK), 241).« Tiiden ob¬ 
tained it among the more volatile compounds 
obtained by the action of heat on oil of turpen¬ 
tine and*other terpones (Cheiii. Soc. Trans. 1670, 
417 ^ 1884, 415), and Gladstone from refraction 
and dispersion measurements came to the same 
conclusion as Tildcn, viz. that the so-called pen //nc 
obtained from lurjicntine was identical with 
isopreae from rubber (Chem. Soc. Trans. 1806, 
610). Mukiewski (J. Russ. Phys. Chem. Soc. 1808, 
30, 885) ft^nd that isopreno obtained from 
turpentine contains some trimetliylothylene, for 
on treatment with one molecule of bMmine in 
a cooled ethereal solution, isopreno dibromide 
and any amyleno derivative were obtained. 
Ipatiew and Wittorf (.J. pi*. Chem. 1897, lii.] 65, 
It proved the presence of trimethylethyiene in 
isopr^e obtained from rubber. By treeing 
isoprAo dibromide with zinc-dust, pure isoprene 
ft obtained. Sfbudinger anfl Klever (Ber. 1911, 
44, €212k us»ng Tilckn's m4thod,**have shown 
that a better yield of isopreno can be obtained 
by working gnder reducbd pressure. A 60 p.c. 
yield of isoprene can be (^tafted by passing 
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1lu‘ vajiouifj of dinfnU'iic or iinioncne under 
very great ly reduced j)rpsflurc over au electrically 
heated platimuii spital: the isopreiie so obtained 
in almost juire, containing very little trifflethyl- ' 
•‘thylene. Tin'pineol, tcMpinenc an<l enmpheno 
do not yield isu]ironc under tiu'se conditions. 

Harries nrul Gottlob 
(Annalcn, Ittll, 383, 
112S) ha\c (lescrilxd an 
‘ iso))rene laiiij) ' (t^ig. 1) 
Ini’ th(‘ jn'oduction of 
Hie hydrocarlion ftoni 
tur[ientine and Innoncne 
l)V tilts ])roc(‘ss (Harrich. 

I> H. 1*1’ 243li7r>. 24307(5). 

A |i!ntimini \vire (120 
(111 long, resistance' at 
medium led lieat 0 olnns, 
taking o anijis at 220 
\olls) IS hcal('(l t(t rrsl- 
iie,ss above the suriaec 
of the boiling lupiid. A 
r(‘(bi\ condenser. ihroiiLdi 
wlncli eirciiluti's water «1 
oOA altmhed 1o thi' 
Mask, 'rill' isopit'nc is 
''ollecled by a side liibi' 
^U1 ie.iding ton vessel cooled 

^ Iree/ing im.xtun’ 
'I'he ))ro(liict is lectilied 
through a coluinn and 
tlic i I act ion 3o"’-37‘ is 
separated. L'oininereial 
fiinene in tins way gives 
about 1 ]i.c of isopreiie. 
whdht. carvene gives 30 
.70 pe ueconlnig to the uiiiouiit of hniiuiene 
jiri'sent. 

MetiiybVojiropenyl earbinol 

ClliiCMe-ClLMe-OH 

heated to l50M50" w'itli anhydrou.s oxalic 
acid, zinc ohloiide, hydrogen iiotassium sulpltate, 
or other similar Uehydrating agent, yields 
isopreim (Bayer & Go., D. B. 1*. 240241). (/'<• 

Dimethylalleilo (h.ji. 30°—ir)> dr(ij)|>ed on to 
strongly heated alumina under a jiresstire of 
about 20-30 imn. is converted into isoprene 
(Badiseho Aiulm- iSt 8oda-Fabrik, 1> H. 1’. 
2612H>). Scr also }). K. 1*. 23180(5 for the 
exhaustive methylatum of aS-diumiKolmtatu' 
and its derivatives. 

Eulor (Ber. 185)7. 30. 15)S!)) has obtained 
isoprene by the exhaustive luethylation of /?- 
methyl pyrrohduio, a reaction whieli establishes 
its fltrueturo, as does ipatiew's synthesis from 
dimethylallenc (J. pr. Chem. 1807, {ii.I o.T, 1, 4). 
The latter hydrocarbon by the addition of 
hydrogen bromide yiehls jS'mcthyl*)3^dibronio- 
butape, which on treatment with alcoholic 
potash 18 converted into isoprene. 

-^CH3-C(:CHj)CH:GH2 

HarTir.s (Ann. 1911, 383, 157) has also pi^^. 
par«d the hydrocarbon from acetone. 1|> this 
series of reactions the ketone converted bv 
the action of maenoaium ethyl iodide into 
dimethyl ethyl crtlbinoi, cinnination of viator 
from this alcohol transforming it into triniethyl 
etliylcne. Addition of bromine torthc ethylene 
hydrocarbon yrelds ;8-methyl-/8y*dibromobutane, 


which when passed over hot soda lime decom¬ 
poses into hydrogen bromide aiyl isoprene. 

{CH,)X’0->((,’H,),C((4H,)-OH 

•^(CH,),C-CH-CTl3 

4 

Cllj CI : C'lljj-Cll : 

W. H. Perliin and !iis collaborators (J. Soc. 
Ghi'in. Ind 1912. 31, fllH) have d(*vi.sed a method 
for the prejmmtion of isoprene from commercial 
fusel ( 111 , 'riio fraction of fusel oil. boiling at 
128' 13()'C. ((•onsi..-ting mainly <if isoamyl 
alcoliol, tog('t!i('r w’itb soim* active amyl alcohol), 
is sulijeet^-d to the action of dry hydrogen 
cliloridc aifl tlien further chlorinated in a 
specially con.structcd afijjaratus. On distillation 
, (ii(‘ jiroduct was found to ctmsist of y5-dichloru-, 
j fly-dichloro-, and aS-dicliloro-^-nictnyl butanes. 

I These products were not sejuirated, but the 
comhiiK'd fraction (b.j). wa.s 

passed over soda lime at 470° and the vapour 
eondeiised On fractionation of the product a 
49 ]i (■ \iel(l of isoprene was olitiiini'd. It would 
siK'ui that in tins proec.ss the yS-dichloro-^- 
methvl btilano must first yield an i.soprojiyl 
; acetylene which then undergoes moleculai' 
rearmngenient into isopri'ne 
((’ll GlU'irll,('l->(Cll.,),Gl!-G.GH 

Isoprene is a colourless liipiid, b.p. 33*5° 

! (Moku'W.ski : Ipatiew. l.c.) ; sp.gr. {Y/O' 0'C989 
! (M, /<’.); magnetic rotaliou, 7'529; sp.gr. 

I 15 /lO", (from turpentine) 0'()7()8, (from rubber) 
i9’(i74S (Perkin, (mem fSoe. Trans. 1895, 268); 

! lliermul expansion (Thorpe and dones, ihid. 

1893, 277) For a redetermination of the 
I physical constants, />(< Harries, Ber. 1914, 47, 

I lt)99 By iieating iKoju'enc to 390°, only a 
I little dipentene is formed, hut a quantity of 
anotlier hydrocarbon (b.p. (^4°-09° (12 mm.)), 

; possibly diisoprene, aiul also db and polymyrceno 
' {('. UruniiR) (Hanies, Ber. 1902, 3206; Tilden, 

: Gliem. N(‘Wh, 40, 120; Bouchardt, Compt. rend. 
187, 054; 89, 301) According to Bouchardt 
(/(' ) ami Tilden ((Jhem. News, 1892, 05, 265), 

. ,strung acids, such as hydrochloric acid, convert 
i is('])rene into a tougb elastic substance ro- 
demblmg rubber. BouiX'hardt (Gummi-Zeit, 
1901, 10. [viii.j 133) finds that wlien i.soprcne 
, (1 jiart) and liydrochloric acid (12-1.5 parts) 
satiirati'd at 0° are scaicii in a Vulie and placed 
in a froi'zing ruixtnn', mueli heat is evolved on 
shaking. After leaving for 2 or 3 weeks, the 
('(intents were diluted agid distillca until oily 
drops ceasiHl coming over. The residue was 
purified by boiling with water, had all the 
pro|>erlies of rublx'r and gave similar dLstillation 
products. AnalyHis gave the following figures : 
C-87i; H-11’7; C1 = 1'7. Tilden found 

that on standing for some months, isoprene i.s 
slowly polvnicrised into a rubber-Iiko suostance. 
Harries ((5hem. Zeit. 1910, 34, 315) converted 
isopl.'ne into rubber by means of acetic acid, but 
could not effect the change with hydrochloric 
acid. ^ Chromic acid oxidises isoprene into 
carbon dioxide, formic, and acetic acids; nitric 
acid yields oxalic acid, Isoprene dibromide 
CHj I'CfCHalCHBr'CHjBr is formed when iso* 
premfiif treated with bromine in carbon disul- 
piiide .solutf^ii at 0° (Blaise and Courtot, Bull. 
Soc. chim. [iii.] 35, 989); b.p. 101° (19 mm.). 
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On treatment with sodium olhoxido and ethyl of the eyes. The part within the socket has a 
inalonate, iP yields an ethyl ester (“oiiical centi-e of pulp by the oonvorsiou of 


which on hydlolysis yields isopronic acid which into dentine p:njwtb takes place, fresh 

(f 60 propyltrimethylcnedicarboxj’'lic acid) pulp being continually formed at the base of 

. the tooth. 'Ihe pulp is ii(»t easily injim'd and 

ri-r C'lru er'U/ ' " sometimes foreign bodies, sneh as bullets and 

Lllj: MLHa) Ill'l l spear-heads, have been found embedded in 

L-ILA ;.rl ).2 .solid ivory, llieir presence in the pul]) having 

m.p. 116“ (Ipatiew, J. Rubs. 1’Ih.b. (!hom. ,Suc. to inhibit its ■■onvcr*ion into dcut.no 

Util, 33, 640). 0»troini.ssk-nBkran.l Kosohcler 1'' ‘1“' ‘nsks of nuuumoths from 

(.1. Russ. Rhv.H. Clicm. ISoc 11)13, 47, 1028) have '>Tia arc mnoli UHcd ; thoy have boon 

sliown that 'iaoiirene nnilerpoes auto-eonclensa- |H<'Berv<.d unel.anKcl from prehi.atone time» by 
tion when ,,reserved at HO '- 00“, yielding tlie the low temperatures ,.l tha region 


m.p. 115° (Ipatiew, J. Russ. Rlivs. t'licm. >Soc. 
1001, 33, 540). Ostromi.sslenski ami Koselieler 
(d. Kuss. Rhys. Chem. yoe 1013, 47, 1028) have 


open chain dimerile ^-niyicoiie • 

('ll. : C(('H,)'CIl.. ('Uj-('U : (’(('IIjT'CH : ('ll. 

ISOTONIC SOLUTIONS. iSoIulions having 
the .same o.smotic pressure. 

ISPAGHULA (B.P). The dried seeds of 
i*lunt(njo omt’i (h'or.sk.). 

ISTIZIN. Trade mime for 1 ■H-dihydro. 
o.vyanthraquinone. 

ITROL r. SvNTiruTic PEi'ii.s. 

IVORY is esHPiilinlly iffnlnii. tlu' main <'on- 
KtiUient of all teetli, but usatre restnets tin' trim 
to the d(‘utiue of those teeth which are a\ailabl<' 
for industrial jmrjioses; chieily those of the 
el(‘pliant. hi]>]Jopotainus, walrus, narwhal, ami 


’ • , 'J’lie eamiio teetli of the iiipnojiotamus yield 

* an ivory harder ami wliiter ttuui that of the 

L ; : ( Ho elejjhant, and le.s.s prone to turn yellow. 

Solutions having Among gNoitliern nations, the U|)por canine 
teetli of tlie walru.s are used a.s afiouree of ivory. 
The dried seeds of ^’<'usist of dentine covered w'lth eementum 

and luive an axis of secondary dentiiu' which is 
nodular in ajiiiearance l)ut usually dense and 

* 8-diliydui' ,jj^jf,,rni. Tlu‘ s]ural tusk of the narwhal is 

similarly (‘injiloyed. 

tt’os. Ivory i.s largely used for making billiard 

nlnii. tlu' main <'on- lialls. gVaduated .scales, knifc-haiidles, piano- 
age restnets tbo tciMl kevs. I'ombs, f.Tiis, iVe., and a considerable 
h wliieli are asailabli' i|uunUty is jmjiorted into China for the manu- 
chiellv those of the facture'of ornamented urticle.s, Dumpo jw tlio 


ehmluint. hippoixitainus, walrus, narwhal, ami pnncipal {'cntn* f(*r ivory-woiking in Rurono. 
Huerm-whale: -As ivory shriiiks w’lien dried it is usually out 

^ Ivory contains 57-()0 }).<. of calcium salts, roughly lo'shajii: tirst, then dried HpontaiieouHly 
chieflv the i)hos])hate. with 40-43 ji.c of an or by lieat. uud litiully finiHhed. Jh'cause of its 


chiefly the ])hos])liat(‘, w’ltli 4t)-43 ji.c ot 
organic matn.v ami 0'24 0'34 ]) c. of fat, 


liigli ])Mce, great care is taken to cut it up 


aiders from other dentines eliietly in the large econoinieallv ami all eluns, cutlingH, &e., ftiy 
amount of organic matter it t'oritams (cp. human used for making i> onfMirl or for the preparation 
dentine eontninmg 25 p.c. of organic matU'r), of a very jmro gelatin., ^ , 

and in its structure (?'. t)//m) and from l)one in Its j Ivory can be made flexible by treatnuint 
greater clasticitv and the absence of the larger , with ijbosjihorie acid and re-liurdened by washing 
canals conveying blood vessels. , ami (Irying. I)UL not without injury to its auality. 

Tlie Bubstunec of ivory is permeated by an , It takes dyes w'cll and it may be bleached by 
immense number of line canals, about t ,}ar, mch ! ex])osure to sunliglit and moisture,^by the action 
in dianu'ter and strongly curved, to winch are of liydrogen pcro.xide, or by washing alternately 
/In.) ii .,4 fineness of grain and probably miieh of witli.solutions of ])otas8nim permanganate ami 
its elasticity. That obtained from llie lusk^ of of oxalic ucid (Textile Colourist, J901, 23, 
Probo^rnlrd exhibits, on a tninsv(‘r.se section, a 285; v, also Livachc, d. Hoc. Chom. Jnd. HK)3, • 
characteristic pattern of curved decussating 307). 

lines. The cros.s-section shows a central spot, lyy. Th<‘ leaves, berricN, and wood of the 
the residue of the jmlp-cenlre infra), sur- ,.„ninion ivy, Hxirra iJrhx (L.) have been used 
rounded by eoncentrie circular ‘contour lines,’* ni medicine ; they contain a mixture otglucoaides, 
due to a number of minute, invgular ‘ mter- noliiblc and insoluble in water. One of the 


arc probably filW with protoplasnnc matter in (.xainined, last and most thoroughly hy van 
the living tooth. Tlic^extcrior of the tooth is (p.,. Uaar (Pharm. Weekhlad, 10l3, 50, 1360, 
covered with cemciitum, u^ually of a brown J413; also Arch. Pharm. 1912, 260, 

colour. • 424). This author calls it a-hed''rin; m.p. 

Iiloat of the ivorj- noV used is obtained from 2.50'^- 257 ’, I a]!° H-9'G8'’ in alcohol. The formula 
the upper incisor, teeth ° ,,„B.s,hly C.,He,0,„2U,0. It forms small 

tusks of the African eloph possessed by colourless upcdles, soluble in concentrated 

les, pr-pd^ 


Ss*''l»und'‘^Th metak Th^ con- w*h water. It is hydrolys^ slowly 

tfnuouX aJ i cut at intervals of ton years ! 4 p.c. sulphuric acid to a-hederagenm, arahuw*. 

S a us«“l amount of ivovv. althougl/that and rI«tmnose, probably according tp the equa- 


VICLCL a USClUl ttlliVUJIll. va . 

from wild eiepbants. especially African elephants, 
is more highly valu«l. , , ., » 

The tusks are implanted to the ci^'ijt ol 
about half their length in curved li»ny soeketo 
which run nearly vertically upwards to the level 


311,0, • 

=C„H,.g.+C,H,. 0 j+ 0 .H „03 

a-Hederagenin CnHaoO,. m.p, 326“--326“. 
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fl88 

formn rhombic prisms, and has [aj^ 81'2'"in I 
pyridine. It may be written 

ns it contains a lactone gioiip, but no methoxy* 
group, anfl yiehls ft diacotyl derivative (m.p. 
TlO'’). On distillation with xinc-duHt a greenish 
fbioresr'ent oil is obtained, containing u 
t'rpenc, C’ljHj,, which still gives the same 
vjolpl-red coloration as hederagenin, and as 
llie original glucoside. Tlie ])ortion non¬ 
volatile with steam is probably ((>,H„)r. 

I'here seems little doubt that this glueosidc 
is identical with the h^dcrin of Houdas (Coinpt. 
Ktnd. 128, 14t>3) (Cg 4 Hio 40 i«, m.p. 248*'), which 
on hvdrolysis ,gave h^dcn‘d\n, Vj8^^4o^^4» m.p. 
324°, rhamno.se and hederose (- arabinose ?). 
and it may furtJier Ik* the same as the ivy 
ylurofiidr C.ia^l 64 ttn’ 2 flgO. m.p. 233*', i.solated 
by earlier investigators from the leave's, but 
mostly from the berries (Davies and lIuLehinson, 
I’harm. J. [iii.J 7, 275; l>avies, ibid, [iii.l 8, 
205; King/.ett, ibid. [iii.J 8, 2Uti ; Vernel, J. 
1881. 01 ; Vincent, Bull, Soc. chim. 35, 231 ; 


Block, Arch. Pharm. [iii.] 26, 953). The leaves 
may lx: exhausted with hot water and then with 
hot 90 p.c. alcohol, or the^berries may bo 
exhausted with ether, and then with alcohol. 
The alcoholic extract is treated with charcoal, 
or, after evaporation, washed with cold 
benzene, and then dissolved in hot alcohol or 
acetone, when on cooling and concentration the 
glucoside crystallises. (Houdas’s hederin dis. 
solved in 54 parts of alcohol at 18° and in 0'22 
parts at 78°.) Ivy glucoside gives a violet 
colour reaction with sulpliurio acid like that 
described above, and is stated by Block to be 
hydrolysed to ft substance 030 ^ 42^^6 (•)» m.p. 
280'*, and a sugar. 

l*obselt*'liaH dc.scribed amorphous hedero- 
tannic acid and liedcnc acid from the berries 
(Annalen. 09, 02). 

I’lie physiological action of ivy glucosides ha.s 
been examined by Joanin (Cbmpt. rend. 128, 
1470), and by Moon* (.J. Pharm. c.xp. Tlierup. 
1913, 4, 203).' 

A j>eroxydase from i\y has been prepared 
111 a punlied condition by van der Uaar (Ber. 
1910, 43, 1327), who regards it as agluco protein. 

Tor ivy glim resin, Are Gum uksins. G. B. 
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JABORANDI AND ITS ALKALOIDS. The 

leaves of Pilororpw Jnhormdi (Holmes) were 
introduced into Burojiean medicine by CouLinho 
and Gublcr in 1874 (Kep. dc Pharm. 2, 171) 
under the name ‘ jaborandi,’ winch has since 
lioen employed generally for tlie leaves of various 
Bpecies of pilocarpus indigenous to the eastern 
parts of JS. America. J^ihcarjnu^ Jaborandi 
(Pernambuco daborandi) is no longer obtain¬ 
able in quantity, the Jaborandi of commerce 
being usually the leaves of P. inirropjf^Uus 
(Stftpf.) (Maranliam Jaboramli), ulthougli tiie 
leaves of P. peMiatiJoUus (I>'m.). P. ravonnim 
(Vahl.), P. npicatm (A. St. Hill), and J\ 
travhyhphu'i (Holmes) have also appeared in 
traile. 

The leuVes of J\ Jaborandi were oOieial in 
the B.P. 1898, but have been omitted from the 
B.P. 1914. In the T.S.P. these leaves and 
tlioae of P. inicrophpUu.^: are oflioial. Owing to 
the fact that the sole physiological aeli\,\ty of 
the leaves has Ix'cn shown to be due to the 
piloearmine they contain (-)owett and .Marshall. 
British Medical Journal, 13th Get. 1900), and 
to the greater convenience iittuined by tlie u.se 
of the salts of Hus alkaloid, the employment 
of the galenical preparations of JHbr^randi has 
jiracticmly ceased and they are no longer ustd 
to any^ appreciable extent in medicine. No 
preparation of the drug is recognised in the B.P. 
and the fluid extrajit only in the U,S.P., but 
galenical preparations of Jaborandi have been 
used Oa an ingredient in hair washes Aid 
restorers. Of the salts of pilocarpine, the^itrate 
is usually, employed in Great Britain, being 
stable and sufficiently soluble in water fbr 
praotioal purpose*; though ^the hj’drochlbride, 
which is more soluble p water, but deliquescent 
in the air, is^preferred on thc^iContinont of 
Europe and Amaica. The drug was examined 


l)y Hardy (Bull. Sue. ebim. 1875, lii.| 24, 497), 
Gerrard (Pharm. J. 1875, [iii.] 5, 865, 966; 
1877, [iii.] 7. 225), Harnaek and Meyer (Annalen, 
1880, 204, 67), Jowett (C'hcin. Soc. Trans. 
19(K). 77, 474, 851: 190). 79, 581, 1331), 

Jowett and Pyiuati ((’hem. Sue. Proc. 1D12, 28, 
268), and Pyman (('hem. Soe. Trans. 1912, 101, 
2260 ; cf. T/^gerand Hoques, tkimjit. rend. 1912, 
155, I 088 ; 1913, 156, 1087). The results of 
tlii’se I'cscarelies show that P. mcrophyllvM 
leaves i-ontaui pilocaipino. wo-pilocaipino ( 6 - 
pilocarpine of Briihl, Hjelt, and Aschan ; pilo- 
rarpidine of Petit and Polonowsky (J. Pharm. 
(’him. 1897. [vi.] 5, 370, 430, 475; 1898, 6 , 8 ), 
an<l ])iloHmo. Hamark and Moyer’s piloearpi- 
dine (Cliem. Zeit. 1885, 628) and jaboriue 
#i(Aimaien, 1880, 204, 67) may occur in P. 
Jaborandi leaves, which are no longer obtainable 
in eommeue. A sample of jaborine obtained 
from Merck and examined bj' Jowett (Chem. 
Soe. Trans. 1900, 77, 492) proved to consist of a 
mi.xture of wopiiocarpinc, pilocarpidine, and 
po.ssibly pilocarpine, with non-alkaloidal sub¬ 
stances. Petit and Polonowsky have stated 
that P. spicaiua leaves contain ^-pilocarpine 
and ^-jaborine {l.c.). Pilocarpine, j«(milocarpme, 
and pilocarpidine produce similar effects on the 
w'crctory activity of the sweat and salivary' 
glands, though pilocarpine is much the moat 
powerful, and they also cause contraction of the 
pupil of the eye, and in this respect are antago¬ 
nistic to atropine. 

Preparation of tk*’ alkaloids .—These alkaloids 
are characterised by bein^ soluble in water and 
in chloroform, and in being remarkably stable 
to acids and alkalis (except that pilocarpine on 
heating for a long time or on long contact with 
the 4 >fixsd alkalis becomes converted into tao- 
pilocarpine^ ‘The general methods of the 
extraction of alkaloids modified to suit these 
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properties can be successfully employed. The | 
usual procedftre as follows:— 

The finely powdered leaves are extracted 
with alcohol containing hydrochloric acid. The 
solvent is distilled off, the aqueous residue 
filtered, neutraliBcd with ammonia, and evapor¬ 
ated to a low bulk. Excess of ammonia is then 
added and the alkaloids extracted with chloro¬ 
form. The chloroform is distilled off, ilio 
residue dissolved in as little water as posHihlc, 
and neutralised with dilute nitric acid. The 
crystalline nitrates which form are wparnted 
into pilocarpine nitrate and i.sopilocarpino 
nitrate by recrystalliHation from alcehol until 
each is of constant melting-point. # 

EstimatioJi ..—A weighed quantity of the 
finely powdered drug is extracted in a Soxhlet 
apparatus witli alcohol containing 1 p.e. of 
ammonia. The alcohol is distilled off and the 
residue dissolved in w'atcr, made alkaline witli 
ammonia if neeesKnry, and extiacted v'ltli 
chloroform. The chloroform solution is sejia- 
ratod, the solvent distilled off, and the residue 
dried at 100 ° and weighed. It represents the 
total alkaloids. Jowott (Pliarm. .h 1899, |iv,] 
9, 91) has proposed a method for tlie approximuU' 
estimation of pilocarpine in ihis residue by con¬ 
version into the cry’stalline nitrate and observa¬ 
tion of the optical rotation of t he product. Of 
the important varieties of Jaboratidi l(*avoH met 
In commerce, tlic most common P. mtcrophylluji 
(Stapf.), contains from 0'7r> p.c. to as much as 
1 p.c. of total alkaloid of which about 7r> p.c. is 
pilocarpine, whilst P. Jahorandi (Holmes) con¬ 
tains about 0'72 p.c., of which 93 p.e. is pilo¬ 
carpine (Paul and Cownloy, Pharm. J. 189(5, 
[iv.] 3,1). 

Pilocarpine C-nHiftOgNa is a colourloss oil, 
soluble in water, alcohol, or cfiloroform, b.p. 
260° under 5 mm. pnissiirc, being partially 
converted into iViopiloearjiine (.icc below) in 
theprocess. Dextrorotatory, [a]j^-i*100'5°; the 

rotation is reduced by the addition of alkali. 
The salts crystallise well; the nitrate BTINO 3 
forms well-defined prisms, ill.p. 178°; the hydro- 
-chloride B-HCl wliito deliquescent crystals, 
m.p. 204°-205°; the aurichloride B HAu(T 4 , 
lemon-yellow needles, m.p. 117°-13U° (dry); and 
the picrate, characteristic long needles, m.p. 
147°. The B.P. 1914 only recogni.Ht's the 
nitrate, m.p. aboui 170°, and soluble in 8 parts 
of water. The U.S.P. ?916 includes both the 
nitrate and hydrochloride Witli the following 
constants : Nitrate, m.p. 170'^-173^, soluble in 
4 parts of water and in *75 parts of alcohol at 
25 , and the hydrochloride, m.p. 195''-198°, 
soluble in 0‘3 port of water and in 3 parts of 
alcohol at 25°. The U.S.P. evidently refers 
to an impure pilocarpine nitrate, as tlie pure 
salt as prepared by Jowett (kc.) melts at 1 / 8 ° 
and is soluole in 6'4 parts of water at 20°. 

/soPUocarplne CuHuO^Nj. When pilocar- 
pine is heated alone or with alcoholic soda 
changed into Mopilocatpine, which also occurs 
in P. microphyllus and P. Jahorandi leaves, and, 
according to* Jowott (Chem. Soc. Trans. 1900, 
77, 473), is frequently found in commercial 
pilocarpine nitrate. Itisanoil, b.p. 261°/10mm. 
fo] -1-42 *8® in alcohol. The nitrate B*HNJ^#, 
m.p. 169°, or^tallises in prisms,'anW is less 
soluble in alcohol' than pilocarpine nitrate 

Voi. III.—T. * » 


(Jowett, l.c .); the hydrochloride B'HCl, m.p. 
127°, is stable in the air (unlike the pilocarpine 
salt, which is hygroscopic). The aurichloride, 
m.p. 16ft°“159°, forms lemon-yellow needles, and 
the picrate, long yellow needles, m.p. 161°. 

lieacfions am coTuititution. —On solution in 
alkalis both alkaloids form unstable sodium 
salts, viz. sodium pilocarpate and sodium iso- 
pilocarpatc, from which salts of other metals 
may be prepared. On oxidation with per¬ 
manganate itwpilocarpine produces hoinopil^ic 
acid and pilopic acid The 

former on fusion witli potash yields a-othyltri- 
carballylic acid, and the second, on similar 
tn'atrnent, gives n-butyric acid. By distillation 
with soda-lime I'sojiilooarjiine yields 1 : 4- (or 6-h 
dirnethylglvox'dine (.lowett, ('hem. Soc. Trans. 
1900, 77, 474. 8.71 ; 1901, 79, 581. 1331 ; 1903, 
83, 440; cf . Pinner and collaborators, Ber. 
1900, 33, I4'24. 2357 ; 1901, 34, 727 ; 1902, 35, 
2241). One of the two following formul/e is 
regarded as representing iVo-pilocarjiine :— 

I. (• H,*('H—CH-CH.,'C-NMev. 

I I II >0H 

CO CHj Cfl— 


or II. CgHjCll-C'H-CHafTl—N. 


CO (JH„ 

\/ ■ 

0 


(^-NMc 


/ 




/hol’llocarplno (Jowett). 

the balance of evidence being in favour of I. 
(Jowett, Chem. Soc. Trans. 1903, 83, 438; 
11X)5, 87, 794; and I’yman, ibid. 1910, 97, 
1814; cf. Pinner and Schwarz, Ber. 1902, 35, 
2441). PilocarpiiK' or t^opilocarpinu nitrate is 
converted by the action of alcoholic potash into 
an equilibrium mixture consistinf* chiefly of 
isopilocarpinc with a small percentage of pilo- 
cjirqiimi and the alkaloids are thus probably 
stcreoisomeridos (Jowett, l.c.). 

PilocarpldineCjoHiiOaNj occurs in Pilocarpus 
Jah(yrandi leaves, but not in those of P, micro- 
jihi/llus, and consequently is not obtainable 
from the Jahorandi leaves of presenUday om- 
%nerco. The alkaloid is liquid, but yields crystal¬ 
line salts; tho hydrochloride has [a]^+72°. 

The nitrate, m.p. 137°, [a]p+73‘2° is much more 
soluble in alcohol than piloca^ine and i>o- 
pilocarpine nitrates; the aurh^hloride, m.p. 
124°-] 25°, is soluble in water. As in the caso 
of pilocaTOino the optical rotation of pilocarpidine 
is reduced by tho addition of alkali (Hamack 
and Meyer, Chem. Zeit. 1886, 628; Merck, 
Arch. Pharm.'lStS, 236, 141 ; Jowett, Chem. 
f^oc. Trans. 19(K), 77, 474). The name pU*pa^i- 
dino was erroneously applied by retit and 
Polonowsky to wopilocarpine. 

Jahorine. This amorphous alkaloid may 
occur in P. Jahorandi leaves (Harnac^ and 
Meyer, Annalen, 1880, 204, 67). AccordiM to 
Jowett <$.€.), commercial jaborine is a minm 
of i«opilocarpino,« pilocarpidine, and* possibly 
pilocarpine, with colouring ma^r. » 

PilMne TIub alkaloid was 

obtained from the motnea liquors from which 
pilocarpine and^M^ilocarpine hadsbeen isolated 
by Fyman (Ci^m. ^c. Trans. 1912 , 101 , 2200 ), 

’ 2 Y 
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and almost sinmltaneouHly by JArger-Roquc.^, 
who named it ‘ earf>ilino ’; it- occurs to the 
extent of about 0'007 p.c, in the leaves of P. 
■mirrophyllm. l*iIosine forms large colourless 
plates, m.p. 187^, [a] S-39'9° in alcohol. The 

rotation is reduced bv alkali, as in tlm case ot 
pilocari)ino and Mopilocarpinc. The salts do 
not crystallise well; the aurichloride B'HAuCL, 
golden W(idgo-sha})od plates, m.p. 143°-144°. 

('ouMiiution.. —Hciit-cd with alkali it yields 
benzaldchydo and pilosinine CbH^OjNj. The 
latter behaves like pilocarpine and i-'.ojiilocarjjine, 
and the constitutional formula of pilosine is 
therefore probably :— 

. ' i *11 


are remarkable for Iheir o.vtrome toughness (as 
distinct from hardness), it beiijg vflry uffieult to 
j fracture pebbles by blows from a hammer. This 
toughness is a result of the peculiar texture of 
the matei'ial; t hin seetions examined under the 
microscope show a close, felted aggregate of 
short, minute fibres. 

The name nephrite from the older name lapis 
, moaning kidney-stone, refers to the 

ancient belief that when worn as a charm tliis 
stone was a remedy for kidney disease. The 
name jade has the .same meaning, through tho 
Spanish ‘ pic'dra do yjada.’ A well-known 
Chinese Kamo i.s ‘yu,’ and tiio ancient Mexican 
is ‘ clialeh*luntl.’ Jadoitc was first distinguished 
clienueally and so named by A. Damour in 1803. 

Nephrite is a rnctasilicate of magnesium and 


CO OHj CH—-N ealeiuiu CaMg 3 (.SiO;;),,. with usually a small and 

' variable amount of ferrous oxide {to which is 
0 ( due the range m colour), ft is a member of tlio 


' am])hibole gnyip, (btfenng from tromobte, 
(cf. formula for ?.<opilocarpino J.). Botli pilosme | aetmolite, and ampliiliole-asbestos only by rea.son 
and ))ilosinino have a mild pilocarpine actum, of the |ieeuliar texture of the imiterjul, Under 
very much weaker than the latter huso. ‘ tlie muToscope, the fibres show prismatic 

The microcliemical dotoction of t!ie alkaloids ; eh'avages iiu-lincd at 124' and tiie optical 
in tlio leaves of Pihr/irpvs pnwafifoliKS (l/*m ) ; idiaractcr.s ot amjiliibole; sp.gr. 2’9" 3T ; 
ha.s been investigated by Tuninaim (Cfieni. 11 fi-fiL 

/ontr. 1000, i. 1510). ! Jadeite is a motaHilicate of sodium and 


Of tho eonstituonts of 'ruborandi whicli liaNc 
been examined there only remains to be men- ! 
tionod tho volatile oil, wliieh exists to the | 
extent of about- \ p.o. in the leav(‘s. Tliis j 
consists of a dextrorotaton’ tcrjicno wliieh boils ' 
at 178°, pilocarponc CioIIk,, uiul some higher ' 
boiling liquid ana solid compounds. lMoear))ene 
lias tho sji.gr. 0'852 and forma a orystalhne 
hydrochloride CjoH,e,.21lCi which melts at 

An examination of a siiecicH of daborandi, 
Pihrnrpiifi spicnfits (Kt. lliliure) (Araeati jabo* 
randi (Holmes)], by IVtit and roloiiowsky 
(J. Phann. Cluui. |vi.] 5, 3Uft) has led to the 
isolation of two alkaloids. Tho !eave^ were 
extraolcd in the usual way and the mixture of 
tho bases converted into nitrates. The mixi'd 
nitrates wore tlien treated with sodium hy'lro.xide 
and extracted with chlomform. From the 
chloroform solution, i/t-jaborine was obtainoil its 
a colourless oil willi strongly alkaline jimpertics* 
yielding n CTy’stallino nitrate, m.p. 158 . Tlie 
second alkaloid i/i-pilocarjiinc has very much tlic 
same properties as pilocarpine, except tiiat it is 
optically inactive, and yields a erystallincuitrate, 
small needles, m.p. 142°, and a hydrochloride, 
prisma, mj). 108°. H. A. 1). J. 

JABORINE t. Jaboraxdi. 

J-ACID. 2-Amtno.5-A’fipM/icC7-&u/p/i07nc 

Act'd (9.V.). 

JADE. 'Under this term are iiicludod two 
dfttir.we minerals differing widely m clicmioal 
eomfiosition, but strikingly similar to one anot her 
in external characters. I'hese are nephrite and 
jadeito. They rank os precious stones, being 
especially valued in the East as tho materiqj for 
elyborately carved ornaments. Stone imple- ■ 
ments worked in these materials htf ’© been 
found in the ancient Swiss lake-dwellings and 
amongst •prohisjoric remains in many^j otnor 
countries. These minecaU have, in common, a 
white to green (rarely a pJe violet) colour; with 
a certain de|t» of translnoenffy and a greasy 
appearance on highly polished sprfaces. They 


alummium NaAI(SiO;,) 2 ; small amounts of 
ferrous ami feme oxides are often present, and 
in tliO dark green variety known q.s cliloro- 
mcianiU' tlicri' is (i-lO p,c. isomorphouBly 

replacing alumina, .ladeite is a member of tlie 
jiyro.xeno group, having an angle of 93° between 
tiu) prismatic cleavages and the ojitieal properties 
clianictoristie of Hus group; sji.gr. 3’30-3'35 
(3'4 in eliloi'omehinite). Tiie liardiicss (H. f»J-7) 
IS rather greater in jadcitc than in nephrite. 

ThcHo two minerals are of course readily 
distmgui.shcd bv chemical tests; and also liy 
the easier fusibility of jadcitc, which at tlie same 
time imparts a yellow colour to the flame. In 
Liun sections under tJio microscope, the optical 
cliaracters and cleavage angles afford mstin- 
guishing features. Tn many cases, however, it is 
tJie material of a carved ornament that require.^ 
j determination, and then the only available test 
I IS that given by the difference in sp.gr, Some 
j other minerals, c.g. the hard compact variety of 
Morjientine known as bowemte (sp.gr. 2'6), which 
are often confused with jade, may also be readily 
distinguished by their ^p.gr. ‘ 

Nephrite and jadeite each occur as con¬ 
stituents of nictamorphic silicate rocks, and they 
are frequently so intjnmtely intermixed with 
other minerals that the material itself is at times 
of tho nature of a rock. Much of the material 
used for carving is collected as pebbles and 
boulders from the beds of streams. Quarries in 
the solid rock arc, however, worked in Eastern 
Turkestan (nephrite) and at Tawmaw in Upper 
; Burma (jadeite). The well-known New Zealand 
I ‘greenstme ’ i.s a dark green nephrite. (On 
Nbw Zealand nephrite, see A. hi. Finlayson, 
Quart. J. Gool. Soc. 1909, 65, 366.) 

,Jade presents many points of interest to the 
ethnologist and collector as well as to the 
mineralogist, and it is the subject of a consider¬ 
able literature. A monumental work in two 
hi/ge,* beautifully illustratfyi volumes is the 
* Investigbtidns and Studies in Jade,’ based on 
the Hewr U. Bishop collection (New York, 
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I90(i; u privately printed edition limited to ICN) 
copies was prepared at enormous expense for 
free distribution to the principal royal and 

E ublic libraries of the world). The subject is 
ere dealt with by numerous contributors from 
all possible points of view ; in the chemical 
portion 58 new analyses are given. A briefer 
and more accessible general account of jade is 
given in M. Bauer’s Edelstcinkundc, 2 nd edit. 
1909 ; English translation, Precious Stones, by 
L. J. fencer. 1904. L. J. S. 

JADEITE V. Jave. 

JAK-WOOD, or Jack*woo(l, is derived from 
the Artoc<iTpv<t iTiicffrifoIia (Linn.) which belongs 
to the Uriicac4’ce, and is cultivated throughout 
India, Burniah, and Ceylon, cxc#[)t in tlie 
north. It is largely used for carpentry, furni¬ 
ture, &c., and is stated to be inij>orted to 
Europe for this purpose. The rasped wood is 
used by the natives of India and .lava as a 
yellow dye in conjunction witli alum, for the 
robes of the Burmese j)rie 8 ts, also for dyi'ing 
silk and for general purposes. 

An aqueous Rolution of the wood possesse.s 
tlio cliaraotcristio jiroperiy that when it is 
treated with alkali and gently warmed, the 
yellow solution at first olftninod assumes a 
beautiful blue tint. 

Jack-wood (J*erkm and ('ope, Oiom. Soc. 
Trans. 1805. 67, 987) is very similar to old fustic, 
and its dyeing jireperlies are duo to morin (.«rr 
Old Fustic). Unlike old fustic, liowcver, it 
(iontains no luaclunn, but there is present a 
second substance, cytniomachinnt wliich is 
devoid of tinctorial pmjicrty. These ooinpounds 
can be isolated from jack-wood by methods 
which arc almost identical with tliose which 
have been applied to fustic itself, and their 
separation may be effeetod by inoans of lead 
acetate, as this precipitates only tho morin. 

('yawmadurin OuHigOe, crystallises in 
colourless prisms, somewhat readily soluble in 
water, and gives witli basic lead acetate a 
colourless precipitate, and with ferric eliloride a 
violet-coloured liquid. Its solution in dilute 
alkalis is colourless, but if this be gently warmed 
a beautitul deep indigo coloration is jiroduccd, 
which on longer digestion passes into green and 
finally beomee brown-yellow. When fused with 
alkali, it gives ^-resorcylic acid and phloroglueirMj. * 
AcetylcyanomacluTiii ChBHTOa{C 2 H 30 )s, 

colourless needles, melts at I3(i'^-138“, and 
benzoylcyanomac^rni. 0 ^ 51470 ^( 071150 ) 5 , colour¬ 
less prisms, melts at 171'^ '72'*. iJisazobcn- 
zene cyanom^^durin scarlet 

needles, m.p. 245^-24V (decomp.), gives an 
acetyl derivative, probably 

Ci5H70„(C,H5N,),(C,H,0)3 

orange-red needles, m.p. 209'’-2l0'’ (docomp.) 
(Perkin, Chem. Soc. Trane. 1905, 87, 716). In 
certain respects, cyanomaclurin resembles the 
catechins of gambler and acacia catechus, and 
more especially so in that by boiling with di^to 
acids it gives reddish-brown amorphous ^b- 
stances, which are very similar to the so-called 
catechin oi^ydrides. The product obtainq^ by 
the action of hydrochloric acid on a boiling 
acetic acid solution of cyanomaclurin is insoluble 
in and all solvents, and has a percentage 

composition almoaft identical witl^.the o&t^hin 
anhydride similarly produced. A<fcording to 


Perkin, cyanomaclurin is possibly a reduction 
product of morin, thus: 

Ov 




\/\cH 

Jack-wood dyes shades very similar *0 those 
given by old fukie ; that is, olive-yellow with 
chromium, dull yellow with aluminium, and a 
brighter yellow with tin mordant. On the other 
hand, the sample examined by Perkin and Cope 
posseased only about one-third of tho dyeing 
power of old fustic. A. G. r. 

JALAP V. Uesins. 

JALAPIN V. Scammony. art. Gum kbsinsT 
Glucosidejj. • 

JAMBA OIL is obtained from a plant 
belonging lo a variety of the genus BrOAsica, 
Tlie oil b('linv(‘H, in most reaoerta, very similarly 
lo ordinary rape oil, but (utfera from it most 
(liMtincUy m that it does not lend itself so 
readily to tho manufacturo of ‘ blown * oil as 
tho other oils l>elonging to the rape oil group. 
Hence jainba oil ia distinctly inferior to rape oil 
lirepared from genuine rap<* seed oil, which 
accounts for its lower eommereial value as 
comparod with that of colza oil. 

Jamba oil is most readily rooogniaed by its 
peculiar taste and smell. It is chiefly used as a 
burning oil, although it docs not burn so well 
us colza oil. It is also used for lubrioatinK 

E iscm, and taken IIh place, an regardu quality, 
.•on Indian rape oil and ravinon oil. 

The fullowinq values havo boon recorded 
for genuine spooiinons of the oil: ap.gr. O'OIM- 
0-!)ir>8; Noliditieation point, —10° to —12 : 
iodine value, 95-2-102T): and m.p. of fatty 
acids, 19°-21°. . , , , 

JAMESONITE. A sulphantimjjmto of lead, 
invaruvbly contaiiiinci 2 2 p.c. of iron, the 
formula bcinq 4PljS'FeS'3Sb,Sj (W. T. Sohaller, 
Zoitsch. Krysi, Min. 1911, 48, C02; L. J. 
Spencer, Mm. Map. 1907, 14, 207, 310). It is . 
orthorhombic with a distinct basal cloavage, but 
only acicular crystals (v.Feathee-oei), columnar 
masses, or more usually finely fibrous masses 
have been found. Coarse columllar masses 
associated with stibnitc have been mined at 
Endollioik in Cornwall. The mineral is of 
frequent occurrence in Bolivia, and, as it somo- 
tiraesacontains small amounts of silver, it has 
been worked as a silver-lead ore as well as for 
intimony. I'- ®: 

JANTHOKE. A synthetic [rorfume obtained 
by condensing crital or lippial and mesityl opde, 
Uppial C,„H,,0 is present in the oil of iijmto 
‘itriodora (iH.-B. & 1C.). Janthonj is a tetrahy- 
Ifobenzene derivative conteininv two rthyiMW 
bonds in the ketone side chain : D.p. loz' under 
10 mm.; sp.gr. 0-94B2. When diluted it has a 
'■har'i.cteristic odour of viqjets and orris root, 
[D. It. P. 118288 ,1898; Farbw. Durand, Hugetiin 
& tb., kitsch, angew. Chem. 1901, 14, 348.) 
MEAN BLACK t>. Beubswick black. ^ 
MPAN earth. Terrajwonica » Catiohu, 

* JAPANESE SAHDINE OIL is obj^ed from 
Cbipinoim raeton^feto (T.* and H.), a fish 
belonging to the Clupeiice. Japanese sardine 
oil difiere distoctly from tire ogjlinary sardine 
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oil Sabdinb oil) in its Jiigher iodine value, | substance of eonchoidal, somewhat lustrous 

which in pure specimens reaches os high a i fracture. On keeping, Japan wait turns deep 

figure as 187. Tfie commercial oil has, until! yellow and becomes coated with a white powder 
recently, l)een prepared in a very crude manner, ! consisting of microscopical prismatic needles, 
the fish refuse having been boiled with water . The term ‘ wax ’ is a misnomer, as Japan wax 
to separate the oil. Japanese sardine oil is is a glyceride, consisting chiefly of palmitin and 

characterised by a considerable proportion of free palmitic acid. Hence, it is more appro- 

cluptinodonic acid, of which as much as 14'2 p.c. ' jjriatoly termed Japan tallow, 
is yielded by genuine specimens. Japan wax is insoluble in cold alcohol, but 

Genuine specimens examined by Tsujimoto , di.ssolves n^adily in boiling alcohol, separating 
gave the following values: ^p-gr. at 15’G", almost completely on cooling as a granular, 
0'9316-0‘9347 ; saponification value, 104‘8- ; crystalline mass, fn addition to palmitic acid, 


19fi’2 ; refractive index at 20“, 1'4802-1'4808 ; 
iodine value. 180‘<)-187'3; and m.p. of fatty 
ai'ids, 3r>’4°-3fi‘2®. 

The eommereial Japanese sardine oil has 
hitherto been more or less mixed with other 
fish oils, so that the eommereial sj)eeimens <4 
oil have muefi lower iodine values tlian tlie 
genuine oils. »lajmne.se fish oil (which must not 
lie confoundi'd with tiapnnesc eod-liver oil) is 
largely cxjxirted to Kurojjc and to .^ustraha, 
wliero it is uscmI in soap making and in the 
leather industries. J. L. 

JAPA^ WAX (Japan tallow) is obtained 


wiiicli differs in some respects from the palmitic 
acid from animal fats, it also contains small 
(juantitii's* of dibasic acids, as also of a soluble 
acid, the ]/?oportion of which has been found 
to amount to almost 0 p.c. The ])roportion of 
dibasic acids amounts to nearly 1 p.e. ; amongst 
lliese, llio largest in amount is japn 7 iic acid 
('i{,ll;,dCO()ll )2 (nnnadeeamethylenodicarboxy- 
hc acid), which is aceomjianiod by its lower 
liomologues, liejitadoeamethylcncdicarboxylie 
acid (!j,H.,j( 00 ()H) 2 . and octodecamethylcne- 
dicarboxvhe acid Cjf|H,,fl(C00H)2. Those di¬ 
basic acids probably occur as mixed glycerides 


from till' l>erries of several species of tlie sumach of palmitic and dibasic acids. The constitution 
tree, viz.: lihut isucerdawa (L.), known in of Japan wax being that of a glyceride, it is 


Japan as ‘ haze ’ j li. orinniiiafn (DC.); Jt 
vernicifrrii (!)(’.), known in Japan us ‘iirushi- 
noki ’ j It. nylrcfitrin (Sieb. et Zuee.). The first- 
named species is grown cluefly in Oliina, wherea.s 
tho last-named one flourishes I'syiociuliy in th<‘ 
western provinces of Japan ; the spi'cies It . 


most rcaflily differentiated from the true waxes 
liy yielding glycerol on saponification. The 
iodine value of genuine Japan wax is about 4. 
The coinuK'rc'ial wax has a higher iodine value 
—from 10 to 15—as in consequence of tho 
increased demand for Japan wax it has become 


Mvc.cedanen grows also in Jiuio-C'iuna and in | tho practice in Japan to extract the press 
India. In China, Japan, and Tonkin, tlio tix'os j residues with the (haze) kernel oil. In the 
are cultivated cliiofly for the sake of tlie laeipier [ Chinese mode of manufacture, the kernel oil 
which they exude. Japan wax must therefore ' passes automatically into the ‘wax.’ At a 
bo considered as a by-produet of tlie lacquer ! temperature of in®-18®, Japan wax has the 


industry, 

The seeds of tho several 8])ecies of Ithu't 
consist of a small kome! Hurrourufi'd by a 
greenish, strwted, shrivolhal mass. Jn Ciiina 
the wax is prepared by cru.diing the seeds, 
together with their coating, and steaming f,hem 
in perforated cylinders so that tiie fat melts and 
runs off. In Japan tho manufacture is still 
carried out in a somewhat crude fashion, by 
storing the berries in straw until they are fully 
matured, then crusliing them by hand in 


dcn-sity of water of the same temperature. 

The M’ax melts at about 60®-00®, and it 
sliows tJie phonomenon of double melting-point, 
a sample inciting many degrees lower after 
having once been melted and rapidly cooled, 
it has sp.gr. of 0'H84-0‘093 at 15'\ Hchnor 
value, 180-101, and its insoluble fatty acids 
melt at about .')4°-C2®. The commercial product 
usually contains about 0'06 p.c. of mineral 
matter. 

fapan wax is largely used for waxing floors, 


wooden funnel-shaped trough, and winnowing j^and as a constituent of polishes. As it forms an 
the mass ho ivh to separate tJic kernels. The i einubsion wth water, it can be used for currying 
powdered mass thus obtained i.s put intb hempen j leather. Notwithstanding its^high proportion 


sacks and subjected to pressure in M’oode 
wodgo presses. The yield from the berrie-s 
ranges from 15 to 20 p.c. The fat is a coar.se 
greenish tallow-like mass. It is refined b}’ 
remelting, pressing through cotton sacks, and 
allowing the fat to drop into cold water. The 
thin flakes of the wax are then bleached by 
exposure to Ahe sun in sballow ba.*Kot8 (in, a 
si^nilaSvjnanner as is done in tho process of 
bleaching beeswax), the material being eon- 
tinually turned over and sprinkled with water. 
The bleached W’ax ds finally molted and cast 
into ^abs, in which form it is cxporUid^to 
Eiyjoti 

The production of Japan wax cnifiot lx* 


of palmitic add, it does ^.-ot constitute a suitable 
candle material. Tho proposal to use it as an 
admixtuni with edible fats, or wiUi margarine, 
is to be strongly deprecated. The adulterants 
of Japan wax include water and starch, whilst, 
on the other hand, it has' been used as an 
adulterant of beeswax. J. L. 

JAPACONITINE v. Aconittnb. 

JAPANESE WAX v. Iiuscct u'ar, art. Waxes 
JAPANIC ACID V . Japan Wax ; and Waxes. 
JAPANNING. A term synonymous with 
‘ lacquering ’ (v. Lacquer). 

un Europe, japanning is also taken to mean 
the art of coating surfaces with vamishes which 
are then hardened by subjecting them to a high 


largely extended, ss it takes e to 8 years fona j temperature, an art which holds an intermediate 

_ i__ L _i.__ ] tt .1-- _I __i.-A___]_II.*_OIL- 


wax tree to reach maturity, and if th§ tree 
promisee to become a fruitfi.1 source of lacquer, 
this leads to its sacrifico as a source of wax. 


position })etween painting and enamelling. The 
varnishes are transparent and durable bodies, in 
bla^ or other colours, bl^k being the hue 


Japan wait is a pale yellowf slightly hard ' which is most extensively used. Black vamish 
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is ooDQposed of pure natural asphalt uui mixed tufis. Tiie so-called p'^rcelain'^auptr is moiflv 
into a preparation of gum aninie dissolved in a shale highly indurated by exposure to a hign 
linseed oil and turjtentinc. This in thin coat- temperature. 

ings appears brown, and requires several conrscfl Agatc-jiMper or jasp-ngalc is intermodiato 
to acquire the requisite blacluiess; tlio article : in character between jasjwr and agate or 
treated being placed in a stove at about 150® chalcedony; and in other directions no sharp 
after each coating, ior colours, the nccc.ssary lino can bo drawn between jasper and homstono 
mineral pigments or metallic powders are mixed or chert, all of which aiv simply compact 
with a transparent copal varnish of less body ' vaiietics of quartz. 

than^ ordinary painters varnish. Hod jaspers owt‘ tlu'ir coh)ur to intermixed 

European jajianning, although very far be- ferric oxide. They are somclimes so liighly 
hind the w’ork produceci by the process described ferruginous and int4^rlaniinated with bands of 
as in use among the Japanese, produscs a very luenialito that tlioy constitute ores of iron, 
brilliant and durable coating to siuay articles of rjj. the so-called jaspilite of the Lake Superior 
metal work and papier mache. It is also applied district. L. J. S. 

as a facing for stone to imitate marble. JASPILITE r . Jasckk. * 

JAPAN SAGO. Starch obtained from the JATEORRHIZINE (.'.vi.uMriA,. 
stem of Cy^afi revoluta (Thuiib.). JAUNE ACIDE. Arid ydlow (r. Azo-cx)Louk- 

JARGON or JARGOON v. ZiucuN. inu mattkks}. 

JAROSITE. Hydrated basic sulphate of JAUNE ANGLAIS. VictorKi yellow {>!■ ('bbsol). 
potassium and ferric iron KjO*3FeaO:,-4SU.„(3HgU JAUNE BRILLIANT. (Uidniiu/ii ffulphide (v. 
or K 2 Eeg( 0 H)i 2 (S 04 ),|, erystallisod in the Cadmium). 

rhombohedral system and isuniorphous with ' JAUNE DE FER, JAUNE DE MARS. Mam 

ulunito. The potassium (KjO, 9'4 p.c. according • yellow {a. I’lOMiiNTs). 

to tho formula) is often partly replaced isomor- JAUNE D'OR. Slarl him'k yellow {i NAWiriiA- 
phously by sodium, Na^O reaching G18 p.c. j.eni:). 

in the variety iiatrojarostfe ] and in the variety JAUNE N. tUirninuin.; Orange A. (r. Azo- 
plumbojarn^it^ load (PbO, 19*7 p.c.) takes the coLOUKi.va mattkuh). 
place of potassium. The Hinall crystals havo JAUNE SOLIDE. Faef yvlloiviv. 
the form of cuboidal rhorabohodra, the intorfaciul iNO matteuh). 
angles being 00® 45'; or they may be tabular JAVA WAX, FIG WAX o. Waxj's. 

in habit owing to the prcdoininanci; of tlu; JECORIC ACID (JmHjoOsi. An isomer of 

basal planes. Closely aggregated they line hnoh'nic acid, said to occur in sardine oil and 
cavities in the massive material, or they may ; otlier fish oils, associated with clupanodonic and 
)>c loose as a glistening powder. The mineral aseltinic acids, 
also forms granular, linrous, and concretionary JERVINE r. Cbvaui.vk. 

masses. The colour is yellowish-brown and : JESACONITINE v. Aoonitin^b. 

the streak oohre-ycllow ; sji.gr. 3'l-3’2 {3’ljO ^ JESSENIA POLYGARPA (Karst.). The outs 

in plumbojarosite); H. The name is | of tills Colombian palm, known locally as the 

from tho Jaroso ravine in the Sierra Alinagrora, j ‘ sejen ’ or ‘ unarno ’ }mlin, yield nafe yellow 
Spain, where the mineral occurs with limonite | oil clo.s(?Jy rcHcmlilmg olive oil in physical and 
in a silver-lead mine. Several other localities ^ analy^cal characters, It is used in Bogota and 
are known, especially in Bohemia and the United other Odornbian towns for culinary and medi- 
States; ‘ L. J. S. i cinal purposes and could, piesuraaoly, be used « 

JASMAL. The active odoriferous principle for all purposes for which olive oil is employed 
of the jasmine flower. Js the methydene acetal (Hacliarach, Analyst, 1918, 289). 

, JESTERIN V. Glucosides. 

, , , , , V "’1 • jet. (Fr. Jim, Jaiel; Ccr. (Jai/at, Affnlcin.) 

of phenyl glycol, I yCri Cglij, and may ^ variety of fossil coal or lignite, similar in 
CiIj'O appearance to cumiei-coal. Being hard (H. 3-4) 

bo synthetically* formo^ by condensation of , and capable of taking a lustrous surface by 
phenyl glycol and formaldehyde in presenco of j polishkig, it is used fur making small ornamental 
sulphuric acid ; b.p. 218® j sp gr. l'J334 (Verley, | articles ; sp.gr. r35. It is found on the York- 
Compt. rend.*1899, 128, 314). ! shire coast near Whitby, in Spain, France, and 

JASPER. A compact and opaque variety of ^ Wurtemberg, occurring in tho shale and lime- 
quartz, intimately. intermixed with iron oxide stone to^n)ationH. The name is supposed to be 
and hydroxide, clay, &c.; these impurities I a corrufition of tho Gagalra of Pliny and Dio- 
being present sometimes to the extent of 20 p.c. ; scorides, wl*o desc .ibod the minoral jrS found near 
The material has a dull, oven fracture, but it i thfi mouth of the river Gagas in Lyc^ 
takes a good polish; the colours are various— Minor. 

red, yellow, brown, green, &o. It is cut and i Tho jot of Wliitby is evidently a fossilised 
polished as an ornamental stone, and was much ; coniferous wood, os shown by,it8 structure in thin 
prized by the ancients, but their inclufled ; section^ under the microscope. On .'ts flurfaco 

other minerals than those now designated as ; imjJtessions of fossils, especially ammdnites, 
jasper. The well-known Egyptian jasmr is i trcquci^y appear. ^ 

found as nodules and pebbles in tlie Nile valley, ■ Whitby jet is ^vided into, hard ’ ^nd ‘ soft,’ 
and resembles a brown flint, with dark zones and ofVhich the fortnor is tho more esteemed ; it is 
cloudings. Banded jasper is a striped variety, found^iear the base pf tho Up^r Lias and, spur* 
well illustrated by^he beautiful rra and* even ingly, in other parts of (hat formation. Iteft 
* riband jaspers’ oi the Ural Moudteibs. Some jet occurs in tim sandstones and^mlitic shales, 
banded jaspers appear to be metamorphic sedi- Tho hard variety is obtained m compressed 
mentary rocks, i^ilst otheA are Btriate<^el8itio layers varying from an inch or two in length 
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and i^Ll) in tliirkness, to (j feet long, 30 inches 
wide, and 4 inches thick. The largest piece ever 
found was 0 fci't 4 inches long, 4^ to 6^ inches 
wiflo, and 1 and li inches thick; it weighed 
lllb. Koz. ® 

'J'lje collection of jet was formerly effected 
by culling down tlio cliffs until the jet-voins 
showed themselves ; to-day the cliffs are almost 
abandoned and tlic works are carried on inland ^ 
to a difttauee of iJO miles. The operation is 
({(‘Scribed by J. A. Bower (Jour. Soc. of Arts, 
22) in tlicso words t ‘ The proecss of obtaining 
jet here is siinj)Ic; the fares of the hills are 
turned down bodily, and by then tunnelling for 
^Bonu! diHtane(‘, and after carrying several 
passages j)arallel from tho fare of iJie hill, 
traiisvcrHc slftifts arc cut. When the rock 
becomes too hard tho miners retire, pulling 
down the roofn on their return; in these lali.‘- 
the bulk of the jet is found.’ The rough ji't ob¬ 
tained from tlie inland mines is encased in a 
lirown skin ; that from the cliffs is eovered with 
tt blue skin. Tliis is chipped off, tlio pieces of i 
jet are sawn inf o .suitable Hizes and Imndt'd over i 
to th(5 carver or tumcT. {See J. A. Bow(‘r,! 
Wlntby J(>t and its Manufacture, Jour. Soc. of; 
Arts, 1874, 22, Hd; John Phillips, lllustiutions i 
of tli(* (loology of Yorkshire, Part I. Tho York- ! 
shire doast, J885 ; 2n<l ed. 1875; A. C. Seward,' 
Tiiu Structure and Origin of Jet, Reji. Brit. 
Assoc. 11101, 85(); P. K. Spielmann, The Origin 
of Jet, Chp. News. 1000. 94, 281 ; 1008, 07, 
181. ^ipecinl Ilcporta on the Mineral Kesouroes | 
of Great Britain, Mem. Geol, yurvey, 1918,' 
vol. 7.) L. \l. S, i 

JOHANNITE. Hydrated sulphate of uranium i 
(UOj, 07'7 p.c.) and copiier of uncertain formula. , 
fcJp.gr. 3’JO; soluble m water. It occurs as ' 
small, transparent, green, monoclinic crystals 
as an altqfatiun product of niti'liblendo at 
Juttchimsthal in Bohemia and Johaungoorgen- 
stat in 8axony. L. Jf 8. 

JOSEITE V . Tetbadymite. 

JUAR-ROOT. A powerful narcotic used in ' 
India to enhance the intoxicating power of 
bhang. 

JUDSON POWDER C. KxrLOSlVES. 

JUGLONE t'. NArilTHALENE. t 

JUNIPER* (t?cniciTe, Pr. ; Wacholder, Ger.) 
The berries have been employed in medicine 
from very early times nnd have Boinetnnes been 
used as an artjclo of food. “I'liey ar<' a i?eputod i 
diuretie. The large proportion of dextrose 
(16-20 p.c.) renders them available for fermenta¬ 
tion and the distillation of spirit. Such a pro¬ 
duct was in France called genihre, and hence 
the contracted form gin employed in this 
country for p. spirit which now is nkridy flavoured 
‘stfiHuyniper. 

'.nio essential oil from the berries, Oleum 
juniper* (B.P.; U.S.P.) is now alone official, 
and is obtained frtim the ripe fruits of Juniperus 
communis (Linn.) (Bentl. a. Trim. 266), a well- 
kno^ evergreen shrub which inhabits* the 
ri&rthem regions of both homUphef^. The 
fruits ar*>gather8d chiefly in,Hungaiy, Austria, 
and Sou^om France (Fliick. a. Hanb. o24; 
Morel, Pharm. V. [iii.] 8i, 886). Tho bil is a 
colourless or pale ^Uow-green limpid liquid 
of aromatior oaming taste. fThe density is 
generally beU-oen 0*867 and 0*875 (0*862-0*800 
at l6•6^ B.P. ; 0*864-0*879 at' 25^ U.S.P.); 


[o]u~3° to —15‘'; usually —to —6®; ti26* 
1*472-1*488. On keeping the oil gradually 
resinifies and becomes viscid, and the density 
increases, Tho chief constituents are pinene, 
b.p. 166®, predominating in tho oil from unripe 
fruits (66 p.c. or more), a sesquiterpene cadinene, 
b.p. 274®; and icrprnc alcohols, particularly 
krpine.ol, b.p. 209®-212®; the higher boiling 
constituents j)redominate in the oil from ripe 
fruits, which also contains small quantities of 
juniper cainphor, m.p. ir)r)°-160®, and An csIvt, 

y erhaps tcrpineol acetate. According to the 
5.T‘. thobi! shiujld disMolve in 4 parts of 96 p.c, 
alcohol. fiU alcoholic solutiou is largely used 
as gin esHcnce. The oil from the leaves is very 
similar but dextrorotatory, [a]jj—-f8®46'. 

Oil of rndi (Oleum, cudmiim, B.P. ; U.S.P.) 
is a reddish-brown or nearly black liquid 
obtained by (l(“Hliiietiv(' distillation of the 
W(j<»<]y ^lOiiions of Juniptrus Onjeedrus (Linn.). 
It has a Hpeciiio gravity of about 0'980-l'065 at 
26“ (U.S.P.). Tiie prineiiial constituent is 
cadineno, and tlio oil is incorporated in oint¬ 
ments and soaps for use in skin diseases. 

G. B. 

JUNIPER, OIL OF, »j. Oils, Essential. 

JUTE is tho bust fibre almost exclusively of 
two plants of the natural order Tiliaua, viz. 
Oorchorus capsvlnris (Linn.) and Corchonis 
oUtoriuA (Linn,), cultivated for llic most }>art in 
Bengal, wliero they are indigenous. Althougli 
ffiffonng in size and in the form of their aecd- 
pods, the plants are nob greatly dissimilar in 
uppearaniu; and are not commercially distin¬ 
guished from each other. Tiic seed is sown 
annually, in Ajiril or May, and the plants after 
flowering, which tako.s jilaeo from August to 
S('ptember, and having now attained a height of 
6 or 6 feet m the case of C. ohtcriw, and of 5 to 
10 feet in that of U. capsuhris, are cut down 
and thrown into pits of water to soak, after the 
manner of steeping flax. From a few days to a 
month is roquiren to bring the stalks into a 
condition for stripping the oast from the wo(»d 
and freeing it from cortex, these operations being 
purely manual. After Udng washed and dried 
the jute is made up into bales for sale. 

Jute is very largely used for the manufacturn 
of sacking and wrapping cloths (Hessians), as a 
paper-making fibre, ai^ as a Substitute for hair 
in making theatrical wigs. Tt is also employed 
for carpot-iuaking and inferior cordage and, 
in India, for making eipall domestm articles such 
as nets and muzzles for oxen. In these islands 
the principal seat of the jute industry is Dundee. 

The fibre occurs in strands of considerable 
length, 0-12 feet; the spinning unit or fila¬ 
ment is of various lengths, according to the 
degree of subdivision practised. The filament 
is a complex of the ultimate fibres, of which 
from 5 to 12 are usually seen in the section at 
afly point. They are j^iolygonal in section and 
much thickened (lignifiod); their length does 
not exceed 2-3 mm., whereas those of flax and 
hemp—also bast fibres—are from 25-40 mm. 
long. This structoral inferiority, together with 
; the fact that the fibre substance yields somewhat 
relidi^y to the action of oxviante (air and light) 
in preseftoe* of water, characterises jute as a 
‘weak fibre,’ 

TKated'by th^ Mine spinning* prooeas it 
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may be epuij into yarns of oonsiderablc fineness, 
but, owing to *he large proportion of waste 
(*tow*), at relatively large cost. These yarns 
when bleached—pre'Wably by ‘ soda bleach * 
(sodium hypochlorite)—have considerable lustre; 
they are soft and of a cream shade, and take up 
the majority of colouring matters—wood and 
aniline dyes—-directly from the dye-bath. Jute 
fabrics are also successfuliy printed in steam 
styles, the prcHcneo of Hodium sulpliide being 
necessary to preserve the fibre substance from 
the action of the steaming process (Dch'^cloppo- 
ment de rindiistrio do .lute, Cross and Witt, 
Bull. Mulhouse, 1881). • 

According to the investigations Cross and 
Bevan, jute does not contain ceilutosc as such, 
but in the form of bastose or ligiioecllulose. 
which is a link between the carboliydiatos and 
the aromatic compounds. Treated wit h chhiriiu- 
it gives a yellow chlorinated derivative wliieli 


when hydrolysed yields substances belonging to 
the tannic acid group. Hence it may be said 
that jute possesses a mordant which makes it 
receptive of aniline colours in a degree possessed 
by none of those fibrous materials which re¬ 
quire the intervention of a mordant. When 
quantities of the fibre are kept in a damp situa¬ 
tion, more csjiceialiy when exposed to soa-water, 
it is decomposed into substances analogous to 
tannin and to acids of the pectic acid group. 
Under treatment by acids, jute is disintegrated, 
yielding xylose and furfural (e. also Tollens, 
Annulen, 254, 52.5). It is easily bleached by 
])otiissiuin pennaiiganate afU'r cleansing with 
stuip or alkali, with a loss in weiglit of 3 to 4 p.c. 
In praelUHi this is generally too expensive a pro¬ 
cess, and the Hubstances usually employed e^o 
hypochlorites, in which great cilre is nocesiiary, 
as chlorinated compounds may 1 m^ formed and 
tlie iibre destroyed (supra) (v. CiiLLuriOSK). 


K 


K ACID, y ■ Amlfio' Saplitliol • Sk :i)’Di- 
sulphonic acid 

KACHIN. A pyrocatechol idiot ograjdiic 
developer. 

KAFIRIN. The aU'ohol-solulile juoteiu of ! 
kafir; closely rosemblc.s Ilie ulcidiol- I 

Bolubio protein of miu/.e, but dilTers from it in I 
containing a small quantity of tryptopliau, in ' 
addition to leueino and gfutaniic'acid, but i!< 
free from glyeiuc (Jones and Johns, J, Biol, 
('hem. 1918, 30, 323). 

KAINITE. A hydrated double salt 
AlgSO^-KCbOHaO, 

occasionally found in tiic jiotash-salt deposits as 
8harpIy'devclop(‘d, water-clear, monocHnic ery. 
stals; sp.gr. 2‘13, H. 2J-3. It contains KCl 
30 p.c. (K 18'9 p.c.). As granular masses of a 
white, grey, or reddish colour, it forms large beds 
near Stassfurt in PrusHia, Asse in Brunswick, 
and at Kalusz in Poland (v. Potassii'.m). It 
occurs, intermixed with kicscrite, camallite, 
rock-salt, and anhydrite, in the iipperinos^ 
layers of the ‘carnallite zone.' The mineral 
woa first recogi:^sed in 18G5 in tlie Anhalt shaft 
at Stassfurt, and Aas named from itaiviir, 
new, with the mineralogical termination He. 
Unfortunat^y. the German spelling ‘ Kainit ’ is 
in oomraon usage, although the correct English 
equivalent is familiar to mineralogists. Raw 
kainitc is extensively used as a fertiliser, and it 
is also employed for the preparation ot potassium 
chloride and sulphate. On the artificial pro¬ 
duction of kainitc, see van ’t Hoff, Sitz,-Ber. 
Akod. Wiss. Berlin, 1901, 420 ; 1903, (578. 

L. J. S. 

KAIRIKE, KAIROCOLL, KAIROLIN^ e. 

Quinollmb. • 

KAISERGELB v. Aukantia. 

KAISEJIROTH.* The sodium .salt of dkiitro- 
dibromfluoreficeln. Called also Eosin Scarlet, 
Safrosine, and Lat<^ljcnne. 

KALADAKA.(B.P.), or PHARBITIS SEEDS. 
The dried seeds oif Ipomcen hedewM (Jac^.). 

KAUASTRAKANTTE KALratboiTE, 
Lboxite. * ^ 


KALIBORITE. liydratu borate of mag- 
noKium and polasMum KaMg^|B230as,l4HjO 
crystallised in tlie nionoclmic syslim. It 
oecur.H as small, colourless to white, crystals 
embedded in nodub's of Hulpiiur-yellow pinnoito 
(MgBjOj.JHaO) in the ‘carnallite zone’ and 
tlie overlying ]ioiash-sults at Loopoldshnll near 
Stassfurt and Wcsteregeln in Prussia. 8n.gr. 
2'12, H. 4-5; readily soluble in hydrochuirio 
iieid. Curiously, the mineral was twice described 
mdejiendently in 1890 under the names heint- 
zitc and iiintzeito ; whilst in the previous year 
a massive, granular form, from 8chmidtfimanna' 
hall near Asehcrioben, was described under the 
name kaliboritc. I'lie last nain» has priority 
besides Uung dt'scrintlve. On the artificial 
proAiction fice. van ’t Huff, 1902. L. J. 8. 

KALINITE. Tlie niincralogical name lor 
native potash-alum KaS04Al2(804)3,24H|0.« 
Although readily obtained artificially as sharp 
octabedral crystals, the natural mineral usually 
occurs as white silky fibres, or i^ss often as 
granular ina.sscs. lb is found as an efflorescence 
on shale, liaving boon produced by the action 
of the [iVoducts of decomposition of pyrites on 
the aUiminouH rock (e.g. at Whitby m York- 
shird); or as a volcanic sublimation {e..g. at 
Vulcano in tlie Binari Islands, and Vesuvius). 
The alum from Vulcano contains traces of 
caesiuyi and rubidium. Since the mineral has 
been formed at the surface and is readily soluble 
in water, R js never found in large masses. 

KALIOPHIUTE v. Nephelitb. mmm 

KALMOPYRIN or SOLUBLE ASPIRIN. 

Trade names for calcium acotylsalicylate. 

KAMALA or KAHELA IB the orange-red 
powder which exists as a glandular pul^scence 
on the exterior of the fruits of the 
philUpinetmn (Muell.) (Eofflera iinctoria [Rozb.]), 
% small evergreen tree, nAt with* thioughoui 
troj^cal India. Burma, and (jpylon^leo in Java, 
China, the Malay *lBl^d8, and Australia. The 
/ipe capsules are gathered in February or March, 
and shaken in bags until the po^Ser separates. 

Kamala ^ employed by the Hin^^s as an 
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antithdmic drug and for dyeing silk and wool 
a bright orange colour. The fabric is dyed in a 
boiling bath (^onlaijiing 4 parts kamala, 1 part 
alum, and 2 parts sodium carbonate (native 
barilla), provi<*\iHly well rubbed together in the 
powderccl state with a small quantity of oil of 
sesamum. The alum is sometimes omitted, biit 
the addition of alkali is absolutely necessary in 
order to dissolve the colouring matter, which is 
of a resinous character and quite insoluble in 1 
water. Kamala is also apparently used for the | 
adulteration of annatto, for aec^ording to IVrkin i 
(private eommunication), samples of i^ulieo j 
obtained from India and presumably dyed with | 
kamala have proved on examination to owe j 
their colour partially it not entirely to annatto. 
Kamala was formerly ernjiloyed in this country j 
as a remedy for tarjiia, but ajipears now to be j 
very little, used for this purpose. 

Anderson was the first chemist to investigate 
kamala (Kdin. New. Phil. *1. 1, ilOO), and ho 
isolated from it by means of other a eryslalliiie 
compound roitlcrin (-’nl-l loOjj. a wax 
and a resin melting below 1UU‘\ to whieli he 
gave Iho formula keubo (J. 

562) was unable to obtain any crystallmci product 
from this drug, but he desenb<H two resins, 
m.p. 60°, and m.p. lOr. 

Detiingcn (Dissort. St. IVlersburg, 1862) also 
could not obtain anv crystalline substance from 
kamala. A. and W.'Porkin (Bcr. 188(5, II), ;il()l)), 
however, iaolntod the crystalline roltlenn 
(‘mallotoxin’) of Anderson, and its existeiiue 
waa Bubsequenily oontirmod by Jawein (Per. 20. 
182). 

Ab tlic result of a more extended axaminatiim 
of kamala and employing carbon (lisulphide for 
the extraction, A. G.'Perkin (Chem. Soc. Trans. 
1893, 63, 975) isolated not only Anderson’s com¬ 
pounds, but flinall quantities of two eiystnlliru* 
substances, homorottlcrin, wbieh is yellow, and 
tfforottlerin, a^flaimon-coloured powder, togi'ther 
with a high melting rc.sin. « 

HoUlcrin (Peikin. ibid. 1895, 67 
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(Bartolotti), benzoic acid is also formed. Nitric 
acid {sp.gr. 1'5) gives p-nilro^nmmic neid, o- 
nitrocinTiamic add, p~nitrobenz(ildehyde, and 
p~nitrobpnzoic acid (P.). \^Tien heated with 
2 ji.c. sodium carbonate solution, a compound 
termed rottlrrone separates (P.), which ciystal* 
lises in gamet-red prisms, and to whion the 
formula bas been provisionally 

assigned. 

According to Telle, if rottlerin is heated for 
i 10 minutes with barium hydroxide solution, 

I phloroifhicinohaethylctJicr, a resinous substance 
j and Ip TOlilnin, m.p. 235% are produced. When 
i heated for 10 minutes with zinc powder and 
i sodium hydroxide, rottlerin gives 60 p.c. of 
: resin and about 30 p.e. <»f phenols, also ^-phenyl- 
\ pro])Wiiic acid, acetic aeid, and a small quantity 
] of a erv.stalliiie acid, m.p. 185°-185T)% From 
' the nuxlure of phenols. phloTogluciuolmono- 
' milhiiUiher and phlorogladnaUUmpikylcther, 
wcie isolated. PhloroglndnollTmrthuktbcT and 
a eamphor-like Hub.stance, m.p. 170°~172°, were 
produced, when, with the zinc powder, only 
2 p.c. sodium hydroxide solution was employed. 
Tile molecular weight of rottlerin, determined 
cryoseopically in haphthalone, was 48(5, and 
agrees witii that, assigned to tins substance by 
Perkin (Ic.). 

Homarotllvrin (?)> yellow 

neocllea, m.p. J 92'’-! 93% is present in exceedingly 
small amount in kamala. It dilTiTS from rottle- 
rin in being much less soluble in toluene 
clilorofonn, or acetic acid, but otherwise the 
]»r(»pertic^ of these two compounds arc similar 

')^o-Hotn(iln I'lallnOo (?), has been obtained 
in the form of jilatcs, m.p. 198°-199''', insoluble 
in hot b('n7(‘nc, carbon disulphide, or chloro¬ 
form. Cold solutions of the alkali carbonates 
dis.solvc it readily, and these solutions when 
boiled do not di^nosit resinous matter or emit an 
odour of l)cn/.alaclivde, as is the case with tho 
alkali salts of rottlerin itself. It is probable 
that this comjiound, very little of which has 


nviHCTin vaaiisit'-'B k'iu. >/.. , .. -.i—u • i 

230), salmon coloured plates, molts at 19r'-; been yet obtained, may prove to consist ot 

* /I^ s etiMxo / OA*)'' OOJ.-' /Ti.lli. 1 liT<lr’r»YvrnH.lprin fPA.W 


101’6° (P.), 2(K)° (.Jawein), 202''-204" (Telle, 
Arch. Pharm. 1906, 244, 441), readily soluble in 
ether. Solutions of the alkali ('arlionatca and 


liydroxyrottlerm (P.).* tt n / \ 

The lon'-7nclii'>ig fpsinoi Anderson,C 3 oH 3 q 07 (?) 
C,.,U,.(),(?) (P.), consists of a brittle trans* 
" ‘ ' ' meltins below 100°, and 


hydroxides UisBolve rottlerin, llio former only on |#i)arcnt dark rod ma-ss, meltins below 100 , and 
sentlv warming. On boiling those orange- 1 is readily soluble in carbon diaulphide. ether, 


gently warming. On boiling those orange 
coloured liijuids, dooomposition gradually takei 


or ehloroforni. With hot alkaline solutions, 


CUIUUIuil IJlIUlUO, VH \ T I ...., -J J 1 

ulace, an odour of bcnzaldi-hvde is evolvi'd and i it beiiavea simiiariy to (pttieni and cvolveB 
a resinous product soparates. An aic»l.i>lii: i odour of benr.aideliydo, and with mtnc acid 
soiution of rottlerin is coloured brown on tlic I (sp.pr, 1 '5) gives ;i-nitrobc'nzoic acid, ferkin s 
addition of ferric eliloride. i lugh-wi Uinr/ r sht is a pi,le straw-coloured map, 

AcciylroUkrin (CnHaO,(C.H,0),)„ yellow i m-P- about 150 , and m general properties 


yellow 

cn'StolUne powder, m.p. 130‘’-135^ (P.), and 
6c'rt«(wfro«frrin CbsUjjObIC.HbU)*, yellow pow¬ 
der (Bartolotti, Gazz. chim. ital. 24,* [ii.] 480), 
beqn prepared. 

Kotuerin forma the following salts : 
C33H„0,Na,H,0 

orange-bro wngUstcning leaflets; CjjHjbObK,IT,0 

leaflet#; (CjjHsaOfljBa, minuto reddish-broi-n 
prisias; ( 0 j,H| 9 O 9 ) 3 Sr, (C 9 aHjB 09 ) 9 (!l|, and 

OjjHmO.A^, fine ygUow necdle|5. 

Fused with alkali, rottlerin gives bcnzifiic 
ocid, acctic*acid, «knd phlorpglitcinol (P.)? and 
when oxidised with hydrogen peroxide in alka¬ 
line solution, J^nxaldmyde and bmzoic acid are 
produoed. V^th potassiun) permanganate 


resembles the low-melting vawetyi 

According to Hummel and Perkin (J. Soc. 
Chem. Ind. 1895, 14), for silk dyeing it is best to 
add 1 jiart of kamala, and 0‘6-l part sodium car¬ 
bonate to boiling water, then to enter the si^ and 
to dye at the boiling temperature for 2-5 minutes 
only. Other experiments indicated that the 
amiunt of sodium carbonate to employ should b© 
regulated by the quantity of water used rather 
than by that of the kamala-j namely at tho rat© 
of li-li grams (NajCOj.lO^) per litre. After 
dyeing for a short tin© with the addition of 
alkali only, to tho extent of one-fifth of the 
wei^it<of tho. kamala used, tlvB addition of alum 
of stannouSi cUorid© to the dyebath makes the 
. colour fuller «^nd more orange, A similar but 
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by no ine%ns identical effect is obtained by 
making a slight addition of sulphuric acid. ■ 
As pointed out by Perkin (l.r.), rottlerin is I 
decomposed by boiling sodium carbonate solu- 1 
tion, and the colour ultimately fixed on the fibre ' 
most probably consists of rottlerone. Although 
rottlerin itself does not dye mordanted fabrics, 
the potassium and sodium salts of this colouring 
matter give on calico mordanted with aluminium 
and iron, pale orange* red and brownisli-black 
shades. 

Pure Java kamala contains, according to 
Fluckigor (Arch. Pharm. 18112), 1 -303 to 1 -488 p.c. 
of ash, whereas in tho kamala exanunetl by 
Anderson {l.c.), 3*49 p.c. was prcsoiff.. The In'st 
commercial varieties usually contain about 
5 p.c. of mineral matter {SeidJer and Waago, 
Ber. Dcut. pharm. Ge.s. 1891. 80) : but the 
inferior qualities are highly adultorali’d (50 to 
87 p.c.) with sand, earthy irnpuntie.s, rod brick- 
dust, &c. (Perkin (/.c.) and .1. (Sue. Chein. Ind. 
1900). A. G. P. 

KAMALA RESINS k Rksins. 

KAMBARA EARTH. A product of the type 
of fuller’s earth or Florida cartli, usually of a 
white or yellowish colour, sotuctiincN bluish and 
occasionally greenish, found m the province (d 
Echigo, and in Fukuslinna and fyJii Jlawa, 
•lapan. Jt is said to be more efficient tlian 
fuller’s earth as a decolorising agent; ai)])car.^ 
to be composed eluidiy of aluminiuni silicate and 
silicic acid. The (((‘colorising power of tluj 
earth is increased by heating to 100“ 150*. Its 
action appi'ars to depend upon its mudity, 
fineness, and jiroportion of liydrutes of silica. 
It deoolonses crude petroleum, and is useful 
for the purification of animal and vcgc(al>le 
oils. (Kobayashi, J. Ind. hlng. Chem. 1912,4, 
891; Ueno, ilnd. 1915, 7, 590; J. Soo. Chern, 
Ind. 1013, 32. 12; ibid. 1915, 7, 590 ) 

KAMPHERITRIN v. Gm cosidks. 

KAOLIN V. Kaolin irjj. 

KAOLINITE. A mineral species con^i-^lmg 
of hydrated aluminium silicate HiAljSigOj, 
crystallising in tho monoclinic system. Analyses 
of tho pure crystalli.sed material agree closely 
with the theoretical quantities; SiOj, 4()‘5; 


for this crystallised mineral, which is usually 
assumed to form a large part of kaolin or ohina< 
clay. The name kaolin is a French corruption 
of tho Chinese name handing'tor tho white, 
earthy luatorial long used in tho manufacture • 
of p(»rcclain at Kiiig-to-chin (prov. Kiangsi), 
and first brought to Europe in the year 1712. 

This material is obtained in the neighbouring 
Kau-Ung Hills ( ” ‘ high ridge ’) from a compaot 
green stone occurring in clay-slates, and some- 
wliat resembling jade m appearauco, from which 
when crushed tho liiH'r jjarticles are separated 
by washing (F. von Uichthofen, Amer, J. Sci. 

1871, 1, 180). Tills material, although a hy¬ 
drated aluniiiiium silicate,‘differs eHNuntially , 
from our kaolin, coutaiiimg as much as 73 p.t. 
of silica and only a few p.c. of water. It is 
jKuluips tlio same as the .lapaneso ‘rosoki,’ 
whicii lias boon ref(irrx*d to tlie agalmatolite 
{q.r ) variety of pyrojdiyllite. 

Jt is tlius seen tliat the name kaolin has been 
loosely afiplu'd to any white clays suitable for 
tho manufacture of porcelain (r. Clay), such oh 
those found near Limoges in France, St. Austell 
in t’ornwall, &(!, These v/hite clays have been 
formed by the decomposition of granite under « 
soinewliat spocia] conditions; and when 
separated from grains of quartz, scales of mica, 

&(!., by u pro(!i*ss of wasliing, they yield the 
cliina-clay of commerce. In composition this 
vari(‘s bctwr*t‘n wide limits; but in many 
instances it ajiproximatcs to the koolinito 
formula given above. Microscopical cxamuia- 
lion V('ry rarely reveals tlio presence of any 
six-sided scales that can be deiinitely referred 
to the sfiecics kaoliniu*. 

lii'/rrcnccA. A. HoVe. A Handbook to the 
Culicctioii of Kaolin, ^c., in the Museum of 
Practical Geology, ]>mdon, 1914; H. Kies, 
(’lays, their (Jccurronco, J’roporties. and Uses, 

New Yolk, 1908 ; A. B. Scarlo, Aff Introduction 
to British Clays, Ac,. London, 1912; G. Hick- 
ling,•China-clay, its Nattrro and Origin, Trans. 
Manchester Geol, Mining Soc., 1908, 334 ; 

11. ytremme, l)ie Chemie des Kaolins, Fort** 
schrittc Min. Krist. Petr. 1912, 2, 87; J. W. 
Mclior and A. \). Holdcroft, Tho Chemical Con* 


AljOj, 39‘5; H,0, 14*0 p.c. Tho water is stitutiou of tho Kaolmito Moloctile, Irans, 
expelled only at a high temperature (above 330*).* English Ceramic Soc. 1911, 10, 94; 1912, 11', 

As a white, glistening, crystalline powder, the 109; F. H. Butler, The Natural Histo^ of 
mineral is occasionally met with in small amount Kaolinitc* Min. Mag. 1911, 10, 03 ; A. 8. Watts, 
in cavities and hssuic.-, in sedimentary rocks and Mining and Treatment of Felspar and Kaolin in 
in mineral veins. The best crystals liave been the iSouthcrn Appalachian liogion, U.8, Bureau • 

found near Almwch in the island of Anglcsc'y, of Mino.s, 1013, lJull. 53. L. J. 8. 

and in the National BcU mine near Silvcrton in KAPOK, strictly speaking, is the seed hair 
Colorado. Those crystals have the form of of Kric^julruii anfractuonum, but the term is 
six-sided platfes or pyramids with a perfect also applied to other vegetable downs. It is 
mlcaoeous cleavage parallel to the base ; and used as a styffing for lifo-saving appliances at 
do not exceed OT to 0‘2 mm. across. Their siia, duo tf* its power of resisting tlto pcneti^ioiL^ 
mean index of refraction is 1'503, and their of water owing to the peculiar Btniotiill/^SP*flie^ 


birefringence (0'004) is much lower than that of 
mica (with small scales of which tho mineral 
might be confused); ap.gr. 2*62; H. 2^. On^ho 
optical characters of crystals of kaolinite, ^ee 
A. B. Dick, Min. Mag. 1888, 8, 15; 1906, 15, 
124; A. Jphnsen, Oentr. Min. 1911, 33. •The 
* nacrite ’ of the Einigkoit mine, Freiberg, 
Saxony, and * pholerite,’ also from Saxony, 
form fan-shaped aggregates of rather^ larger 
pearly scales of kaalinite. * * 

Tne mineralcgical name kaohniie was pro¬ 
posed by 8. W. Johnson ao^ J. M. Blake in 1807 


fibre. In these appliances the kapok stuffing 
occupies about 15 c.c. per gram of fibre: a 
jariv. I containing 700 graifts of stuffing repre* 
se%ts a floating power of 10*5 kilos. •Amr 
72 hours in water with a weight of 9 Wos 
attach*!, this jacket still reauirec^ 1*3 kilos 
mpre to submergS it; after 1§2 noun the weight 
requiied was 0'9 kilo. For ihe olnmoteiisHca 
of the true kapok add of other substances nlnimrd 
^der that ti^e, 4iee Obss A Bevan, J. 8oo. 
Byers and On. 1910, 32, 274; Chem. 

Ind. 1017, 36, 79. 



KAPOK OIL. 
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KAPOK OIL. Kiipok (111 ia mainly dmivcd 
from the need kcrnclH rji Krlo<k}idro‘H unfnLChui- 
mint {Alali'iiccin), a tree wliicli la coinmdii in tho 
West lndi(“s, Malay Archipelago, and various 
parts of Africa, but the comnuircial product is 
also ohLained from the seeds of ditTonmt Hpecies 
of boinbttx {B. vialabdricvrii, B. mcricanum). 

Kapok Heeds are exjwried in large quantiticR, 
oflpeeialiy to Holland, where tlie oil is expres.sed 
and used for «oaj> making, and, after refining, 
as an edible mi. 'J'lu* expn'ssed oil, the yield of 
which is about 25 ji.c. of the weigiit of the seeds, 
iw of a greenisli-yellow eolotir, and, like cotton 
s<'ed oil, gives a di'posit. of ‘ steiirino ’ when 
allowed to stand. Lroin the analytieal ])oini of 
▼iow the oil is of interest, from iiic fiicL that it 


; Contains a constituent which giv«s tho samo 
; coloration aa cotton seed oil in* Halphcnle test. 
It may be distinguished from cotton seed oil, 
however, by its lower iodine value, and by its 
different behaviour in Milliau’s modification of 
Bechi's test. Tho fatty acids are washed with 
cold water, rapidly dried at 105°, and shaken 
with an equal volume of a 1 p.c. solution of 
silver nitrate in absolute alcohol. Under these 
eonditious the fatty aefds from kapok oil give 
a deej) brown coloration, whilst cotton seed oil 
fatty acids show only a slight brown tint. 

Tlie following values of genuine speeinieiis of 
kajiok aiuf bombax oiL are given by Sprinkmeyer 
and Dieilr iftis {Z. r^ahr. Genussm. 1913, 2(1, 80, 
4m 



.Sp.gr ;il 


tO'f Index 
(10 ), /A-lss 


Iodine vuliK' Acid value 


Saponif. value 


Kiijiok m! (Java. (Vylon, L. i 
Afriea. &,e,) . . . f 

Bomhaz rnalabaricum . 

B. mexittanum . . 


0-923(^0 9230 
O'OOOO 


51 7-59'7 

57 0 
57 4 


«.V2-0r>-:J 18 5-21-0 189-2-194-6 

73 0 3-0 194-3 

95 7 12'6 192-8 


Tho fruit hairs both of kapok and bombax 
ti-ees arc used as uplioislerv material and ea* 
peeially as a lillinp material fur lifebelts, but 
owing to their struoturc, are unsuitable for 
textile ))ur})Osos {vf. Bull. ImjKirial In.st. 1920, 
18, 335). C. A. M. 

KATAMEN. Pyruxalonc-iihcnvl-dimcthyl 
Hul])hamino-bcnzoate.‘ 

KAURI-COPAL (-Bush (!ojial, .Gum or 
‘llesin) in the solidilled turpentine of tlie Kauri 
tree (iJamnwro av-vtraUs jSteud, j) and occurs in 
great abundanee in a fos.si] eondifion in various 
parts of Now^ealand, It is dug np on the driest 
lern-iiills as well as in the deejicst swamp.s. but 
t hat from the latter is of inferior quality, asalso 
the gum obtained from the forks of living trees 
f (J. Soc. Ghom. Ind. 1893, 71 ; ibid. 1895, 528 ; 
ibid. 1898, 021 ; Bull. Imp. Inst. 1904, 2, 91). To 
obtain kann-copal. it is first searclied out a little 
below tho surface by feeling ff)r it witli u steel- 
pointed piee(‘ of iron, after which it is dug out, 
with an ordinary spade It is then prejiared fm- 
the market by scraping ofT the outer crust by 
hand, or better, by machinery (Kng. Put. 17009 
1890). 

Four lyjios of kauri-copal are known in 
commerce: (1) I’alc kauri or fossil copal found 
in largo masses varying from yellowish-white 
to clear yellow in colour, lias an aromatic smell, 
brilliant fracture and can bo pulverised to a 
white powd^. It has sn.gr. 1-030.'m.p. 105®, 
J ^alufl 'Jo-9, saponifielition value 73. 1,2) 

Brown kauri fossil copal is of a yellow-brown or 
deep yellow colour. It is difficult to powder, 
has a conchoidal ^fracture and an aromatic 
camphor-like odour. It has sp.gr. 1-053 ; m.p. 
ISo®,'acid value 78‘8, saponification value 89-7. 
(3f*Bu8h kauri is obtained at the foot of^trees in 
irregular e-mber-IiVo masses. ,It can readily be 
reduced to r yellow- powder w-itli an aroma'*(:ic 
odour, and lias srfgr. 1-03, pi.p. 150“, acid value 
83*1, saponification vpluo 78-5, (4) Bush kauri 
gathered froi|^ the tree itself 1^ a vitreois 
fracture; ap.gr, l-OSfi, m.p. 126®, acid value 
81‘8. saponification value 87 (Cdffignier, Bull. 


yoe. ehiiii, 1909, .5, 289 ; also THchirsch and 
Niedei’Hliult. Arch. Phann. 1901, 239, 145; 
Worstall, d. Amor. Choin. Soe. 1903, 25, 800). 
The various kinds of kauri differ in their solu- 
; bilitiea in organic solvent k, but all of them are 
only very slightly soluble in turpentine and 
more readily bo in alcohol (Coflignier. l.c.). 
'J’hey are all almu.st complexly solubh* in 
ainvl alcohol, amyl neetato, benxaldehydc, or 
aniline. 

Knuri-enpai is readily attacked by chloriuo, 
bromine, or eoneentrated nitric acid (Muir, 
J. 1874, 923). On dry distillation it yields 
' ]>in“ne and dipentene (Walhuh, Annalon, 27], 

! 309 : Ueunie, Chein. Soe. Trans. 1881,240). 
j A recent fossil speeimon of kauri-copal was 
I found by Tschirseh and Niedcr.stadt (l.c.) to 
I oonsint of the following HubbtanecR: 50 p.c. 

' a and fi-kauroUc acidn CijHjoOj, m.]). 81 ®-83® and 
i 85®-S7° n'Hpoetively (the a-acid yields a lead salt 
^insoluble in alcohol, whereas the )3-acid give.s a 
soluble leadsalt); 20 p.c. kavrinolic 7^81^2' 
m.p. 12H-'-l30®. and knuronolic acids C 1 . 2 HJ 4 O 2 , 
m.p. 8(>“-89® (all these aeidf are monobasic 
and give a mnnoiodidcf, Ti'O p.c. hauroresetie a 
I light yellow indifferent .substance, m.p. 63^-05® 
and not volatile in steam ; 12 'B p.c. of an 
ethereal essential oil,' b.j). 160M60®, sp.gr. 
[0-835 at 15"; 1-6 p.c. knnric acid CioHijfJj, 

; m.p. 192®, forming microscopic crystals 
; +51 "Of)®. It is a monobasic acid, yielding an 
. iodine number corresponding to a monoiodide 
I and a potassium and lead salt. Only about 
2 p.c. of carbon -u’as left on distillation of the 
[ kuuri-co})al (see also Thomson, Annalen, 1843,47, 
j 35 ^ 1 ). Kauri gum is used in the manufacture of oil 
[ varnishes, as an ingredient of the cement for lino¬ 
leum manufacture, and also for dressing glazed 
calico. The transparent and seimtrausparent 
varieties are employed as substitutes for amber 
in tho manufacture cf mouthpieces for cigar- 
holriero, pipes, &e. 

The ccRnR-orcial product often contains os an 
admixture dammar rosin, .which is a much 
cheapei substance. AVhethor the kauri contains 
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the latter t;an^bo determiiiod rapidly in the 1 their nature dopendii^ on the source of the 
following way; 0*5 gram of the nnely ground • * ’ ' i 

sample is stirred up with chloroform in a porce¬ 
lain crucible. It is then filtered througli a small , , * . 

filter into a test tube, washed once and absoluto ^ treat(^d with hydrogen peroxide it gives sulphur 
alcohol added to the filtrate, when if the sample ' 
is pure kauri, the solution will remain clear, 
whereas if dammar is present a cloudiness 


keratin {see above rcferonces; also Bleunard, 
Ann. Chim. Phys. 1882, [v.j 2(1. 40). Keratin 
is not acted on by pepsin and 'trypsin. When 
treat(^d with hydrogen peroxide it gives s 
ammonia, sulphuretted hydrogen, carbon diox¬ 
ide, acetaldehyde, and iiitrio, sulphuric, acetic, 
oxalic, succinic, and a small quantity of aromatic 
or a precipitate will i^ppear, according to the annno acids (Hrienl and Bainliseh. f.c.). On 
amount (Ktewart, J. Soc. ('hem. Ind. 1900, j oxidation by pijtassium ]>ernuinganate, tho bulk 
349)^ of the suljihur remainsaHS water-soliibloorgamo 

KAWA. The peeled dried rhizome of P/per ! eomjiound: lO p.e. is split off as HjSOi 


mtthysticum {Vorst^fd). Contains a/e.sin wliieli 
by treatment with caustic soda sc^ution gives, 
on cooling, sodium kHwaato. The eorresjamil- 
ing acid, yellow needles, m.j). JOT- 

105“, appears to be cither a or y-cinnamy1i<len- 
acctoacetic acid, probably tbe latter (Horschc 
and Both, Bcr. 1921, 64, 2229). 

KAYA OIL. Kaya oil is obtuiiu-d from the 
kernels of the nuts of a .lapanesi' tree, Torrn/a 


(Lissizin, Hiochcni. Bull. 1915, IHj. AceonU 
ing to las.sizin (Zeilseh. phv.siol. (.'hem. 1909, 62, 
220). azelaic acid is also an oxidation product ot_ 
keratin. Kerat in gives Millon's protein reaction 
and a ycdlow colour with nitric acid, t his being 
tho origin of the yellow colour when nitric acid 
comes in contact witfi t-lu5 skin. Keratin has 
! been convertctl into ns<*ful products which can 
i be Used instead of casein for many purposes, by 
treating horn scTaps, hair, kc., with 15 p.e. 


(ra.racca.h and when sepan. ed w ^ tomperatun.. 

cxpreaaum is usoff aa au (.dibln ml. U r the ^ 1 ^ ,|,iYst.ho l.<|ui,l is decanted, tho rettidue 

preparation of tlio cornniereial oil the seeds . r< , > watio, digested with (I p.e. sodium 

crushed, steamed, and pressed whdi sohdiim for 24 lioiirs; potasBium 

K.ayaod lias gootl drying properties, 

for 12 lioiirs the residue is washed and 
saure of 4(K) atmosplioreH 

.... 1 , luui.i ir.uu iai-. o.sro,,.., J. Sue. (.’hem. Ind. 19U0, 

laponilieation value, 1884; (.''"V- 

.... .-'7; and iodine value, I42'2. j ''t48). 

When broniinatcd tlic fatty acids yield linolie i 


xvaya on nu.a guot* uiyiug | 

as a lamp oil, and in the mnnufaeture of paper. I 

A speoiraen of the cold-drawn oil exammed by ^ 

Tsujimoto had the following eharacteri.sties : | 'i t* 'nuiuorj. i 

ap.gr. 0’«23(1; saponilieation value, 1S8'4; O'lig. lat, dhOSihi, .1. 


ttp-K'' 

lienner value, 05'7 


Iveratin or keratin Bubstuiiees can be con- 
. "f A M ■ verted into iligeatible alhiimoaea and peiitonoB 

CEMENT tJ Cah'IUM ' ' ! containing sulphur by treatment with dilute 

KEENE S CEMENT trALCit M. , mineral acids at moderate tomjicratures. 

KELP V. lODINK. 

KEPHALDOL. A pharmaceutical preparation 
of phouetidiuo, salicylic and citric, acids. 


KEPHIR V. Milk. 

KERACYANIN v. Anthocyamns. 
KERAMYL. An aqueous solution of com- 
uicrcial hydrofluusilieic acid used as a dis¬ 
infectant. . 

keratin is tlio jirineijxil consstituent of the 
upidermis, hair, nails, hoofs, horns, wool, feathers, 
the skin of egg shells, k(\ (Hedin. /eitiAch. 
physiol. Ohem. 1894, 20, 186 ; Mohr, ibid. 189.), 
20 403; Abdcrhalden, tbid. 1905, 46. 31, 40; 
ibU. 48, 630, 535; ibid. 1907, 52, 348; ibuk 
Breinl and Baudiscli, ibid. 


Thciso arc isolated when a dilutou sample, 
after treatment witli phosphotungstic acid or 
other reagent for albumoses. gives a filtrate con¬ 
taining but little amino acid (U.S. Pat. 926909, 
1909). By digesting horn for^l4 days with 

■iJxaOll at 40 it is eomjiletely aisaolvod • on 

iieidralising, H 2 M is evolved and a precipitate 
formed. From the filtrate, a protalhumoBe m 
prceiiiitated by saturation with salt. flio 
filtrate deposits de.utero-keratose on acidifying 
it (Ungeckcr, Zeitseh. physiol. <.'hcin., 108, 
230). 

Atmidhcrafbh and atmiakcraluse are 


_ the 

luna A7 • Rroinl and Baudiscli, lOid. i jtniiiaf.cnnnb ctim -- 

1907; 62.' 159;; Friedmann, Chem, Zentr, 1903, ! P" “^dtt, 

Tt can be nreoareS from any of the.so sub- this,reaction bning 8ulphurett<‘d hydrogen and 
staneos by treaUng them .sueeoB»ively with ether, , methyl Kniken^ru; 

! J-tirb. 

juice, boilin* alcohol M_d bmlf g ^hcr,^ kjato ^ keratm . ^-naphthol J 


remaining as a 
fat and protein. 


residue, after removal of the mixing 


mixture to heat and prcBSuw 
Tnd. ip i 


t and urotein. Keratin i.s an albuminoid or ! subjecting , 

U prrin rich in sulphur (Bibra, Annalen, (U S, Pat. 9221192; J. Soo. Ohim 

n ’ I °l'^8^3r620randTke tTe’ oTe; i KERMES. Kermos is tho most ancient dye 


centrated alkalis it swells und dissolves on 
warming, but it is more sparingly soluble in 
dilute aciSs. 

When boiled with oi'ids and generally on 


relative quantities of tlft products 


Most.), and is mentionea in Scripture by it 

Hebrew name, ‘ tola ’ or ‘ tolascham.’ A ^cord in; 

to Twhsen (Bancroft’s Philosophy of Penn«ncn 

(>)loirrs, 1, 3941, ‘ the scarlgt or kelpies dye wa 

^Tinum in tho Kast in the earliest ages befoi 
oi'jas ana generunv on , Known m ini. r^asi. m me ^ 

variety of decompoaition | w^dei 

name * coccus 

the Greek an 

well as l>atm wniers. 




700 


KERMES.. 


KermcB i.s an inscot found on tlic <u'.k kermes 
(Qaercuft corcifna, kmn.), and when living the 
female inwetH, wliich arc fixed to the twigs of 
the tree, rescunhle hluiHli berricH, and arc covered 
with a whitiHh j)ow<i<*r. Ah soon as tlieir eggH 
are on the j)()int «)f hatching theno inHocts should 
!m‘ collected, killed by exposure to the steam 
of vinegar, and dried, and the product has then 
I he afijx^arunce of jiale reddiHh-brown grains 
According to Bancroft, it would require JO oi ; 
111 lbs. of kcTtncK to produce the efTect of a single [ 
lb. of coehiiKMil. ! 

Jurnu'fiic <irul (li^il the colouring matter 1 
of ki'mioH, was first isolated, in the CTystalline 
condition, by Heisse (Arbeit, a. d. K. Oesund- i 
•liwitHamle, 181)5, 5K1), and lias since been ex- | 
amined by Dirnjolh (Ber. 1910, 43, 1387 : and j 
Annalen, 1913, 399, 43). ToiRolale the kcrmosic ! 
acid, the kernicH is first extracted witli other to , 
remove wax, and this has been examined by ' 
Dimroth and iShcradal (Annalen, 1913, 399, 43), ' 
and idontificd ns ooryl cerotatc C'5i>Hi„,()g. The j 
residue is then allowed to stand ov(?rniglit with j 
an ethereal solution of hydrochloric acid, by ' 
which means tlie kerincKic acid, which exist-s i 
m kermes in tlie form of a salt, is liberated and 
made capable of removal by repeated extraction 
witli cthor. Eor the purification of the aub- 
stance, it is converted into its Hpariugly soluble 
KodiuTU Balt, winch allows of its bcparation from 
Jhivo-kcrmcaic acid ,—a suhslance stated hy 
Dimroth to be present in kernu's dye to tlie 
extent of about 0*0t) p.e.—the sodium salt 
of this being soluble in hut 2N sodnim aeotale 
solution, whereas the disodiutn salt of keriru>sic 
acid is almost insoluble. The sodium salt w’hen 
dissolved in boiling sodium hydroxide solution 
and IroaUxi, wlvilst boiling, with excess of hydro¬ 
chloric acid, yields a crystalline precipitate of 
korniesic acid. 

Thus obtdtiiod, the acid consists of )>nok- 
red needles wliich decompose, without melting, 
at about 250°. It is distinguished from 
carminic acid by tlic fact that ii is soiubh; in 
'other, and is much more sparingly soluble in 
cold water. On the other hand, the colour of 


(trinitro - cresotinio acid), identical witli the 
acid 

CR, 


pNOg 

I— COOH 


obtained in a similar way from carminic acid. 

Kermesic aeitl contains no mothoxy groups, 
und treatment witli hydriodic acid gives the 
reduction pg.iduct CjgHjjOs, which decomposes 
at 275''. 

When oxidised with hot potassium per¬ 
manganate, kermesic acid trimethyl ether pro¬ 
duces two pruduef-s. the one being mcthylcochenil- 
late inorionif thyl tiher 

CH» 




pOOOH 

l-CUOH 


COOCll:, 

winch melts at 178“-180^, with formation of 
the anliydride, m.p. Digestion with 

boiling potassium liyilroxido (25 p.c.) solution 
converts this osLer into cocfyenilltc acid methyl 
ether CjiHioO,, m.p. 200° (decomposition), 
wliilst complete domethylation of eater, or acid, 
by moans of hydriodic atiid, yields hydroxyu\'itic 
acid. 

The second product of tho oxidation is the 
dimethyl ether of crewtifiglyoxyl-dicarhoxylic acid 

OH, 


-COCOOH 
—COOH 


tho alkaline solutions of both colouring matU'rs 
ia practically identical. KcrmoHie acid is soluble, 
without decomposition, in eoncentrated siil- 
pburic acid giving n violct-rcd solution, which, 
on addition of boric acid, beconics clear blue—if 
flavo-kormcsic acid is present as impurity only a 
dull bhnsh-violct results. 

Disodnm kermesatc Ci(iHjoD«Na 2 . prepared 
by means of sodium acetate, consists of a red- 
brown crystalline powder, sparingly soluble in 
water with a violot-red colour. 

Barhim Jeermesaie (CigHj.Ojljliia ,is brown 
contains water of crystallisalion. 

kenneMc acid CigHj 0 #(CjH 30 ) 4 , 
yellow needles, melts at 245". hermetic acid 
trimethyl ether C„H igO,, orange-rod needles, j 
m.p. 310°, dissolves 'in sulphuric acid with a 
vimet cplour, and is prepared from the potassium 
salt means of methyl sulphate in the presence 
of boiling tolnene. * 

FlaW'kihnesic dcid CjsHgOj crystallises iL 
needles, or prisms, v^d differs consiclerably /rom 
kermesio acad in its dyeing properties and in the 
colour of its solutions. ' p t 

Kermesio add is decomposed by warm con¬ 
centrated nitric acid yielding nitro^toccuaic acid 


I m.p. 108°-110" if anhydrous. The hydrated 
1 field has m.p. 86°, and this, by oxidation with 
j alkaline perinanganato, is converted into tho 
above-described methyl coehenillate methyl ether. 

W’hen kermesio acid* is herfeed with water 
at 150", carbon dioxide is ovolvefi, and dicar- 
borykermcfiic acid Cj7H,20, is produced. This 
forms red needles (no melting-point^, almost in- 
' soluble in sodium bicarbonate, soluble in caustic 
' soda, and in concentrated sulphuric acid con¬ 
taining boric acid, yielding solutions which 
resemble, in colour, similar solutions of kermesio 
acid. 

Hromination of kermesio acid yields (i) in 
boiling 50 p.c. acetic acid, a-bromocarmin ; 
(ii)*in boiling glacial acetic acid, bromococcin 
CulLgOgBr ; (iii) in methyl alcohol, followed W 
treatment with concentrated hydrobromio acid, 
tribrojwcoccin Cj^HjOgBrj. (This product is 
also outained when bromococcin is treated in the 
same way.) 

Brrnnococcin C,,H,0-Br crystallises in red 
needhs,* mj>. 269°-260^ (d^omposition); it 
yields an adU ^tassium salt 

, C,.H,OoBiC,.H,0,BrK 



K£)RM£i8. 


and a tetra-aoetyl derivative 

•CiJl50aBr{CH,C0)^ . 

wliioh forms yellow crystals. When oxidised 
by means of warm alkaline hydrogen poro.xide, 
m the presence of a catalyst, hromococcin yields 
cochenillic acid 

CU, 


COOH 

I— COOH 


HO- 


COOH 

and from these facts Dimroth ainl Sclicurcr 
conclude that hromococcin has the structure 
0 


JIO- 

Br- 


OH 

A/\ 

Qy./ 


CH, 


OH 


OH 


Br- 

HO~! 


-r 


\/ 

COOH 

CIO, 


OH 


Oil I CO 


0 


OH 
COOH 


OH 


0 


HO- 

Br- 


I 

Br 


CH, 

1 

Br 
OH 


I 

OH 


7U1 

and kerraesic acid, and assign to the latter the 
structure 

O 


OH 


CH, 




-OH 


0(1 


OH 


(’00 H 






OH 


OH 


COOH 


(hither of which is in agreement witli ll>o fuel 
that, in rospoct of its dyeing propertiON, it 
resembles purpurin, not anthragullol. 
Tribromococcin is formulated as either 


; Tliev support Hus hy Hu* results of the disiilln- 
! tion of koniiesie acid with zinc-dust, wliereby 
, they obtained a-nietliyl-anthraoene (and fmm 
i It ]U*epanMi a'inethyl-anHira(|uinono). They 
! also consider it ju'ohahle that anthracene is 
1 siniulfaneoiisly produc(‘d 
1 Dimroth and I’lek (A HMb, 411, JIH)) have 
shown that the latter of these two formula^ 
I repit'scnts the eorreet constitution of kermoHic 
I aeid. 

i They arrive at this from a eomparison of 
hyilroxyaiiLhrapiiijjanne (1) and hydroxyilavo* 
purpurino (2), obtained rosiHictivolv from anthra* 
purjiurino and flavojiurpurine l>y means of 
sodium nitrite, hoiie acid and sulphuric acid. 


( 1 ) 


( 2 ) 


Q'„::a 
0 


OH 

OH 


iHl 


,OH 


i 




,OH 


0 


'fhus 


CH. 


T I 

t i 


OH ^ Br 

It cry8t.alH8e8 from acetic acid in long red 
needles, ra.p. 245®-248®, is soluble in concen- 
trated sulphurie acid giving a rcd-violet solution, 
the colour of which changes to deep blue when 
boric aeid is added. ^ 

7’«/ro-fM;efyfdn6ramo«)cctn 

. C,4H,0,Br(CH,C0)* 

crystallises in green-yellow needles, ra.p. 223®; 
it yields nitro-ooccusic acid when treated with 
fuming nitric acid. # « 

Dimioth and flbheurer point gutp the clbse 
relationship that eadste between hromococcin 


_ .... regards dyeing properties an 

absorptioA spectra hydroxyllavopurpurinc ani 
hydroxyanthrapurpurine <iiffcr sharply, anu 
; the Irfller only agrees with dccarboxykermosio 
acid in these respects. 

I Also hydroxyanthrapurpurine when bromi* 

’ nated lyidcr the conditions by which kerraesic 
■ acid yields tribromococcin forms a tribromo* 

I hydroxyanjhgapurfiurine. This shows a com* 

' pU'to analogy to tribromococcin ‘which must 
I therefore be 2:4:7 tribromo-3: 5: 0 ^ 

I hydroxy 1-racthylanthraquinone. 


BrA 




CO 


/ 


Kerraesic acid Is thus closely related to 
carminic ocid^which has'been shown by IHm- 
roth and KSlmmeier (Ber. 1029, 53, 471) to 
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rlifle;- from it only by poH.sOH.'sing a side chain j 
(yfiiOfi in place of the acetyl croup. | 

DycinQ 'pro'pcTiiHM .—According to llollot 
(Bancroft, P)ulo8oi»hy of Pcrinahent Colours, 

1, 404), ‘the fed draperies of the figures ex¬ 
hibited in the ancient Brussels and other Flemish 
tttj)estrics were all dyed with kermes.’ ‘The 
fine red or crimson colour of those ta])estrips, j 
•wliicli was originally called sim])ly scarh^t, took ; 
the name of VcnciKin scnrlpl, after the cochineal 
scarlet njion a tin base was discovered. . . 

For the production of thi.s scarlet, the wool, 
previous to dyiung, was mordanti^d with alum 
and tartar; and; according to Bancroft, there ] 
is no rvid(m<‘c even in more recent years of the 
employment of a tin mordant in rosjiect of this 
* cMouring matter, although the experiments he 
earried out. imlM-ated that by thi.s latter method 
a scarlet could he juoduced ‘ in eveiy rcsjiect us 
beautiful and estimable us any wliieli can Ite | 
dyed with (uichimial.’ A. (1. F. [ 

KERMESITE. h’td antmovij. Anltniuny ' 
lilrndf, ri/ra7ifininni(<. PyroMihUv. An oxy- 
Huljihide o^ antimony formed by tlie oxidation 
of antimony sulpliide, and occurring associated 
with grey and white antimony in Hungury, 
Saxony, 'i)auphine, Ac. Foimci iii monoelimc 
evystals or in (’iipillary tufts of nix-sided jirisms, 
of' a cherry-red colour and adamantine lustre. 
Composition Sba();,’‘2SbjS3 (r. Antimovy). 
kerosene or KEROSINE v. Piyrnoi.KrM. 

KETENES. A soricB of eoui}>ounds contain- 
ing tho group >C : 00. They were discovered 
in 11M)5 by Staudmger, the first member to he 
isolated being fUphenylkelene (('eHj)A): CO. 
Ketenea may be prepared : (i) by the action of 
y.ino on the chloride or bromide of an a-halogen 
Bubstituled fatty acid ; or (ii) by the actum of 
boat on the anhydride of a dibasic acid. The 
keUmes are very rc'activc substances, and may 
bo divided into two groups 

I. Aldo-kPlp.nes. These consist of ketone 
itself, nionoalkyl dorivativeH and carbon sub- 
(»xido. They are colourless and do not unriergo 
auto-o.xid.ation. They are polymerised by pyri¬ 
dine and quinoline, and do not form additive 
compounds with substuneca containing tho 

: 0 and ]>0 ! N— groups. 

II. KdA-keleneJ). The dialkyl derivatives of 
keteno belong to this group. They aro coloured 
substances, and readily undergo auto-^xidation. 
They yield ketone bases with pyridine and 
quinoline, and form additive compounds witli 
HubstanccB containing the : 0 and ^CT: N— 
groups, such as quinono and benzylidineani- 
line. 

Both groups combine readily with, water, 
alcohols, and amines, and also with chlorine and 
bromine (Staudmger and Klevei* ,Ber. 1908, 

HjC : CO. Discovered by Wilsmorc 
and Stewart, who obtained it by the action of a 
heated platinum wire on tho vapour of acetic 
anhydride. The gaseous products were lique¬ 
fied, alid then submitted to fractional distillation 
(Nlfturo, 1907, 76, 610 ; Chem. Soc. Trans. 1907, 
1038). S(^midlin, and Bergman (Ber? 1910, 
43, 2821) obtained a 14 p.c. yield of ketene iy 
passing the*vapoilt of acetone through » hard 
gloss tube filled with pbrons earthenware, 
heated at 600^-600'’. It may alf) be prepared 
by the action of tino on bromaoetyl bromide in 


ethyl acolate. Tho products of tho reaction arc 
rapidly distilled, the keteno being removed 
from the warm solvent in a cunbnt of hydrogen, 
condensed in liquid air, and freed from traces of 
ethyl acetate by repeated fractionation at —60® 
(vStaudinger and Klevcr, Bor. 1908, 41, 594), 
By the last method the yield of ketene from 
bromaoetyl bromide is 7-13 p.c. ; from brom- 
aectyl cliloridc 3 4 p.c. ; from chloracetyl 
chloride or chloracetyl bromide nil (Staudinger 
and Kubinsky, Ber. 1909, 42, 4213). 

Ketene is a colourless liquid, b.p. —5C°, and 
can be solidified to a mass of colourless crystals, 
m.p. —It has a very,penetrating odour, 
and its vaj^iur attacks the mucous membrane. 
It combines wif.h water, alcohol, aniline, &c., to 
form Q<^tio acid, ethyl acetate, and acetanilido 
rcspectiv('Iv, and with bromine in ethereal solu¬ 
tion to form broinacotyl bromulo. Liquid 
I hydrogen chloride and sulphuretted liydrogen at 
i the ordinary tcmjioraturo yield aectyl chloride 
■ and tliioacetic anhy<lride. When it reacts with 
! water no trace of glyeollic aldehyde is produced, 
and for this and other reasons, keteno is repre- 
sonU'da.s lljf!: CO and not asCH ‘(hOH (Staud- 
inger and Klever, l.r.\ ('hick and Wilsmorc, 
Chem. Sue. Proc. 190H, 77). It docs not give an 
additive compound with quinone, nor ketone 
bases with pyridine and quinoline. Metallic 
clilondes and terl iary bases induce polymerisa¬ 
tion to a dark-coloured liquid, this change also 
taking place when keteno is kept for some time. 
Tlio chief constituent of this nolymeride is a 
colourless liquid of pungent odour, b.p. 120®- 
127“, and when frozen, imp. - 0” to —7^. It has 
tlio formula (' 4 H,()g, and nonce is fonned by the 
condensation of two molecules of keteno. It 
combines witli water and aniline to form aceto. 
acetic acid and acetoaeetamhdc respectively, but 
only combines with alcohol to produce ethyl 
aee'toaeelnte on addition of a trace of acid. On 
standing in scaled tubes, or by tlie addition of 
pyrifline, dehydracetic acid is formed. Hence this 
Buhstance may be acetylketene (JH^COCH :(K> 

or A'-r)/r/obutciie-l'ol-3'Ono 

the s<‘nii-enol of ryr/obutane-l : 3-dione. The 
aetion of bromine was found to result in the 

■'formation of a y- derivative jjj. 

and not an a- derivative, CH-jCO'CHBr’COBr, 
thus proving it to have the la^^er configuration 
(C^hicli and AVilsmore, 6hem. Koc. Trans. 1908. 
94(); 1909, 1978; cf. iStaudinger and Bereza, 
Bor. 1909, 42, 4908). 

i Methyl ketene CH;^'CH : CO. Obtained in 
j dilute ethereal solution by the acijion of zinc on 
1 an ethereal Rolutioii of a-bromopropionyl bro¬ 
mide. 

Ethyl ketene CaH^'Cir: CO. Similarly from 
a-bromobutyl bromide. 

Carbon suboxide 0 : C: C: C : 0, Obtained 
by action of zinc on dibromomalonyl bromide v. 
ClfBON SUBOXIDE. 

Dimethyl ketene (CHj)*C: CO. Prepared by 
the action of zinc on a solution of a-bromotVo- 
butj^bromidc in ethyl acetate, and distilling the 
resulting product under 15-16 mm. at —20® 
(Staudinger and Klever, Ber. 1006, 39, 068). 
Al^ by heating dimcthylmalonio anhydride 
under 12 ornW pressure at 16^-180® (Staudinger 
and Ott, Ber. 1908, 41, 2208). It is a mobile 




KETONES. 


703 


yellow liquid, b.p. 48'C° (12 mm.); m.p. , rapidly polymori.scs into 1 1 3-diothyl.eyflo- 
— 97*5*; iftab]p at —20® under almoftpheric | butane.2 : 4-aiono-l : 3-dicarboxylato 
pressure, but at ordinary temperature poly* ' 

morifiCB to a colourlesa Bubjitancc, m.p. 112®, j C.^H 50 aC■C(C 3 H;.)<^^>C(C^H^)C 02 C»Ha 

, violds the keteno 


apparently the diketone (C’(CH 3 ) 2 CO)j. Water 

converts dimetbylketcne into tVobutyric acid, ' This, on bcatinp at 180®-200®, 
and it undergoes the other roaotiona common to j as a colourless liquid, bj). 48® (15 mm.), m.p. 
the keto-ketenes. Dimethylkotcne bases Slau-| rjT-g® (Staudingcr and ^rez.a, Bcr. 1909, 42. 
dinger, Klever, and Kober, Annalen, 1910, 374, i 4908 ). ^ 

1. In the preparation of tliis ketenc a li(iuid ; KETOHYDRINDENE r. Indf.ne. 

polynicridc (CjIlgO);,. b.p. 170®-171®, having an i KETONES. The ketones are a class of 

odour of peppermint, is also formed (Staudinger ; organic eoni])ounds eharaetorised by the presence 
and Klever, Bor. 1907, 40, 1149). of the carbonyl group''..'(’; 0, uniU'd by each of 

Diethylketene Psepared by its vah^ncies to carbon. TheV are ditlerentiated 

healing dicthylmalonic anhyilridc ujdcr 12 mm. in tlii.s way from the ahlehydes which contain 
pressure at 1G0®-180®. It forms a yellow liquid, i the carbonyl grouj> united on tlie one hand to. 

D.p. 91®-92® (749 mm.), solidifying to a mass of . hydrogen, and on ilio other to livdrogen or 

yellow crystals in liquid air (Staudingcr and OU, I onrhon. The (.‘harHcteristie groupings of aide- 


b.). 

Diphenylketene (CrH^IoC : CO. Prenan'd by 
the action of zincondijilicnvlcliloracotyleldoride 
in ethereal solution (Staiulingcr, Bit. lUOf), 3K, 
1735); by the action of tertiary bases on di- 
jihonylacctyl chlorides (Ber. 1907, 40, 114.5); or by 
the interaction of benzil and liydra/ine, oxi<lntion 
of the. liydrazibenzil, and warming the azibenzil 
to 00® (Curtius, Bcr. 1889, 2101 ; d. pr. Clu'in. 
182; Schrocter, Bcr. 1909, 234(5). It is 


hydea and ketones are shown as follows 


.(l-.O or 
AMoli\ ile^i 


' 11 -' 


C:0 


C-^ 


C: 0 


Kctoni'S proper have hydrocarbon radicles 
or Hiinplc derivatives tluTcof (Kubstituted by 
hah)g<-ns, Ac ) united with the earhonyl group, 
but a large number of other compounds of 
kelonic cimraoler aro known, such as Iho koto* 


a liquid having the colour ot a coneenl rated kolonic ^ 

Bolutioit of notasaium cliclirnmatc, ami aoliililios aloolio a (f.</ ( li., U) CHjOIl). i iid tha kotamo 
in a freezing mixture to a inaHH of yellow , mida {r.(7. < lla'CO'C.OjH). Sueli compoundB, 
ervstals: b.n. 146° (12 inm.). ^Vat<'r emiverta I beaulea allowing aiieeifie property's due to the 
it into diphenvlacelie arid, and it undergoea ! pr.'Ken<T <>1 llie earlunol or earboxyl groupa, al«> 
similar rraetions to the other keto-ketenea. 'On 1 exiidut kcto.iie reactions due to the preaenco of 
cxnosure to air it becomes \'isci(), addition of i the earhonyl group. 

ligiit petroleum throwing out a white oxidation Kelones may W' elassilied according to the 
ro hicl JlTlivilrogen chloride passed into a ' number of carlionyl griiiips into «mpfc irton«. 
tenre ie BO idin'Cf the ketene yitlds diphenyl- | ri.irtoiii v, &c win at, according to the radicles 
aceWloMori e wliilst a child,e Kolidion of l.ydl'o- united with the cart.ony!, they may be separatod 
ffle acid Viehhi diplienyl acetic aidiydrhlo. ! into «ii;i7ei/,c, arooi^Uc and mircd 
It ahowB no tendency to polvinerise, and treated ! -Another ype ketone ib furnislied by those 
with nmgLsinm T^ienvlbfomaio, viehls tri- compounds in wliiol. tho earhiin atom of the 
ohenvlv3 alcohol kth ciuinohe the ; earhonyl group ib a inemher of a closed nng ; 
pncnyivinyi an H 1 ^ • i ' Ruclfevcbr in which (ho carbon chain is 

lactono 0 ; formed, ! Maturated, cIo.m dy rcscinblo tho aliphatic ketones^ 

and with henzyliiliM aniline the /J-lactam , in their proporti'es. Unsatumted cyclic kotonon 
anil wit,n “™‘yi^ i , alBo exist; one class, the qumonos, will be treated 

i>N C.n.. TI.o former, on as tlicy poHsp8.y many dintinctivo 

,i:,.i,r.rt,'l I,rooertioH not shared by the other ketoncH. 

rXSanraZrtct."^^ . «'<; non.enclature of the kotonea, 

and the latter acylic fulvenes (Staudinger, 

Ber. liJOS, 41. lSt«, Hhj). 

CeH. 

Diphenyijne ketene | ^0: CO. i’reiiarcd 

Q.hl. 

by the action of zinc on chlorodiphenylene acetyl 
chloride (from phosphorus pcntachionde and 
diphenyleneglycollic acid) in ether in ahaence of 

air and moisture It forms red ; u^^ianonc; anu utiovopnenuu^ vz,.-, 

90® to a red liquid, decomposing at l;>() , gves methvl ketone or othylphcnoifS." 

an indigo-blue colour with sulphunc aciid. \M n Whilst for simple ketones the second ayste* 
excess of water diphonylcne acetic acid is lormcc, < nomenclature, that recommended by the 

and with tho requisite quantity ; Gcu' v^ Ckmgrcss, has no linking advantages; 

acetic anhydride. 1^. I in'4hc case of pqlyketones it is very usefid, oa it 

enables the trivial names given to various sob* 


a few arq known by trivial names, e.q. acetone, 
benzo)>honone, acetophenone, &c., but usually 
a more BVHt^'matic nomenclature is adoptoa. 
ThiMinay 'refer either to tho radicles attached 
to tho carbonyl group, or to tho position of 
tho carbonyl groups in tho chain. Acetone 
CHs'CG CHa may be more systematically termed 
dimelhylkctone or propanone ; bonzophenono 
r^iphenylkotone or diphenyl- 
methanone ; and acetophenone *CaII^'CO|CH^ 


It undergoes 
reactions (Staudinger, Ber. I90(>, 39, 3062). 


Ethylke{eiie earboxylate 

CO: C(CtHa) CO, C,H5 


; stancelf to be replaced and rational n^mes to be 
' g^en to new compounds as ^ey are discovered. 


An nthereal solution of ethylbromomethylmalo- , Thua* diacetyl 'be^mes butene-di^e, aoetyl- 
An etnereai soiu ign Hn n H f acetone is pentane-^ : 4-^one. and is thus com- 

nate chloride C,Bk*CBr<QQ{,j* ipocts With | ^jetely differejitia^ frouS acetylyopional which 
zinc, producing cthylketeneearboxylatc, which is pcntene-2 ; 3-dione. 
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ketones. 

fiV1 9 1024 : Parrv, Chem. Soc. ^Trans. 1915, 
. Open Chain Monoketones. I ’ 

PreparaHon.—[\) By addition of wator t-o 1 the types 

,l.„narl,nn>. of thc tVIlO B'C i C H 1 tllUS » __ 


rreparunun .—^ >, ;n.xi 4 V...q 

hydrocarbonn of the typo R'C CH : 
allvlcne, if led into an aqueoiiR solution ot | 
mercurie cl,loride iit «()“-9.5”, yields aeetonc 
(Kutseherow, Bor. 1884,17,16) 

CHj-CiCH I i1jO=-cH3-(.'o cii., 


HO-CRR'-CKR'-OH w K'-CO-CRiR' 
110 -CRj-('R,/- 011 ^ 

have attracted much attention (A. Orekhoff, 
Bull. Soc. chim. 1919. [iv.] 25, 9, 108, 111. 115, 


1 Jl2U=^».'n3 Vii., i5un. i^oc. i /-t -i 

Behai and Do,surer, find that hydroc.arhons of J,"'*" \7 b”4()o!’473“ 192", 172’, 

the for.nula a,hi the elements of aoetm Vj 29, 422! 446, 

acid at 280 °, the addition products Ircmj-doeom- ‘ ehini. 1921, [iv.] 29, 

plised by water with forinatioil of ketones 409 ’. Ulvy 'bid 820]. I’inaeolines of thc type 

(2) Seeomlary alcohols are dmetly “Aids (,o '.co.ip c,ninot exhibit ‘ tuutonierism, tut 

to ketones. The use o ^ =11 01 m pT th, groups R i» replaced by H, 

Y«ti3571 KiZ^rmay i 0 >"> ained fioin tautomeric change is possible so that the eon^ 

433). 

(3) Primary alooluils of iho type 

" CHKH'-CH-^OU 

give formic acid niid a ketone, on o.sidulioit 
(Kannouikow ami KayUew, Annulon, 

J 7.5. 377); 

tlH(f'R3)(CiR.)CH.;iiH;iO^^^H.Ct).H.,H.O 


CliUHlllU 4111 4.1 • - - 

(llelane, Bull Soc. cliim. 1895, iin] 1.1, Sum, 
(birdeur. Bull. Acad. rny. Belg. 1897, |iin] 34, 

( 17 ) may be triphcnylethanoiie as originallv 
foriniilated 01 possibly triphenylvinyl alcohol 

(Bilti, Bor. 1899, 32, (150 ; Anna cii, 189i, -Jb, 
242). The latter structure was aceepted on 
niaiiv sides but Kohler (Ainer. ('.hem ,1 190C 
3(1, 177), Orekhoff (Bull. Soc. diim. HBJ!- ["^1 
2r», ih 1S(5) and Meyor and (lOttliob-Bulrotn 
ni'er. *1021, .54, . 57 . 5 )* revertod to th© Kotonio 
w..e . ... ilcKenzio and Boylo (Trans. Chem. 

(4) Hydrolysis of soino halo^^on compounds yy2\, 111), 113!) also think the substance 

which might l*)(i expected to yield iinsaturated pruPablytriplienylcthanonchaving studied its 

• ’ -.. their place: 'etinn with phenyl magnosium bromide. 


IM kiUM.v.i.TAV..1 " • 1 

reaction with phenyl magnosium bromicie. 

((>) By tlio dry distillation of thc cnicium or 
barium salts of acids 

(R'()0-0)2Ca=CaCC);,-rl^C0’K 
Tlic products obtained in this way are never 
pure; calcium acetate, for cxampli*, yields not 
only acetone, but also horaologou.s kptonPS 
(R. Fittig, Anmdon, 1859, 110, 17). When a 
mixture of tlio calcium salts of two aCids is 
distilled together the separate ketones corre* 
sponcling to each salt and their usual impurities 
arc obtained, together witli a greater or less 
vicld of tlic mixed ketone. 

■ Thc alipliatic acids are directly converted 
into ketones by heating with iron-filings or 
passing their vapours over heated alumimum, 
'thorium, zirconium or uranium oxides 
2 n-CUOH--H-CO-lt + Cpa4-HaO 

—7- 4^t\.xia;g^v>wii5;' VA vgAAjy ^ number of other oxides can be used. 

^ 9 J 1 ;: 73 :s=‘^b; 

« S mRls.'S,mpt.' mud. 1909, 148 297 1 149 

995: 1910, 150, 111, 1336; 1»1'- 1^2 3M: 
Ann. Chim. 1913, [viii.] 28, 243; Bull. Soo. 
chim. 1914, [iv.] 15, 84 ; Easterfield and Taylor. 
Ohem. Soo. Trans. 1911, 2298 ; Mailhe, Compt. 
renl'. 1913, 157, 219; Bull. Soo. ohim. 1913, 
liv I 13, 606). . ,. . j 

Small amounta of acetone have J>e^“ 
bv fieating acetic anhydride to 290 -3UU 
.-R . Tj«- iQin 3/kl7L 


tertiary alcohols furnishes ketonoH in t 

(Onpenhoim, Annulen, 1868, Spl. (i, 36,5). 

It has also been found that certam ehlorliy- 
drins when heated with water under pressure, 
yield ketones instead ot glycols; 

‘’(^«’)»‘'"‘)™("””))!CH(C,U3C0C.1I3 + 11 C 1 
(K. Krassusky, ,1. Ru.sb, Phys. t’hem. Soe. 4901, 
33, 791 : 1902, 34, 287). 

(6) On warming pinaeoncs (ditertlary glycols) 
with dilute acids pinaeulines (ketones eoutaiiiing 
a U'rtiary alkyl radicle) arc produced : 

C(CH3)(C.RJ(OH)C(('H3)(C',H3)(OH) 

O 

-» (CH,,)((',H,)(.'^t'((ili.,)(C,llJ 

-> c(CH3),((;.H5)(’()c,H3 


0 

._of the general type CRR'^C'(t'H 3 )Ep 2 C 2 H„. 
'"^Hsiarthfcso are hydrolysed the unstable acid 
loses carbon dioxide, and the oxide isomcrises to 
a ketone 

0 0 ^ 
CRR''^C(CH.)CO,H-> CO.+CRR'^CH CHj 

AA ji 1 CHRR'OT t'Hj 


(Compt. «id. ^5, 139 1^4; Ul, 76^.^aR8 been 

R. Ktoermer, Ber.cl906, fmm hicher acids and catalysts 

488: M. Tiffeneau and Dirlenoourt, r PPf296067, 296677). 

rend. 1906, 143, 12»: ^7, ^ScBcht add Crun, u. ^ 

viii.] 10 , 322 :'"Delaere, Bull. Soc. chim. 1911, (7) Ketonfs are oovaui 
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a-hydroxy acids either by oxidation (chromic ■ Ryan and Nolan, Vroc. Roy. Iriah Acad. 1012f 
acid) or by heatiftg with mineral acids ; ! 30, B, 1): 

CRR^(0H)C0iH+0=RCC>-R'+C0j+Hj0 ' RCO NHj-H2MgR'X 
CRR'(0H)C08H ; =CRR'(NHMgX)OMgX+RTI 

=R-CO R'+H COjH (or HtO+CO) ; CRR'{NHMgXj0MgX+2H>0 

Since acids of the type CRR'H'COjH may ■ 
bo oxidised by alkaline permanganate to acids ' 
with the structure CRI^(OH)COjH, they might i 
serve as a source of ketones ; in fact, electrolytic 
oxidation of i^obutyric acid leads directly to 
acetone (M. Moeet,’D. R. V. 138442). 

An analogous rejiction is that by *vhich tlie 
amides of a-bromo acids lose liydroj^m bromide 
and cyanide on heating with aqueous or alcoholic 


anu cyanmo on ueauiig wiirii aqueous m uu-uiiuiu . v......*. * ... 

sodium hydroxide, an aldehyde or a ketone being i the reactions 
produced (G. Mossier, Monatsh. 1008, 20, 09): 


-NH,-CRR'-OH + MgX,4-Mg(OH), 
NH,CRR^()U=RCORM- NHr 

The yields obtained by this method vary 
from 20 to r>0 p.c., inen^asing os the complexity 
of the radicle ll increase.^. 

Trnino esters Ic.g. (:,n5-C(iN-C>U5)*OCH,) 
and iinino ehloride.s may also be employed (R. 

! Marquis, Oompt. rc'nd. lt)00, 142, 711). whilst 
H.Fournier. 


er finds ket ones amongst the products of 
ions between Grignard’s n’ogonts ana 


rHR'Br-('0-NH8+2Na0H 

-.=K-C(>-R'd-NaCN-i'NHBr 


acid anhydrides (Bull. Snc. cluirt. 1910, [iv.] 7, 
830). 

In c ertain coses ketones may be obtained by 
2H2() - - ' ---- 


. - . - the action of orgono-magnesium compounds on 

n.T>d ketones are rcsoectivcly ' f^^ied sodium salts, r.g. methyl iwbutyl kotono 
, . , oni ic T? -('iJi \ H fCO H from magnoNiuin i tobutyl bromide and sodium 

obtained from amino acids It t lltlSrU)’n • 1 » i >’1 i ..^i; lono 

and UK'C{NH.)OOjH by llu' action of hypo- iwadatc (balkind and IBubunschwili, Bor. I9(», 


chlorites : 

RB'C{NHj)CO2H + HOC)-RR'0;OfCO2-hNH4Cl 

(K. Langheld, D. R. PR 220220 and 220227). 

(8) The fi-kctocarboxylic acids, or their 
esters, undergo ‘ ketonic fission ’ on heating 
with dilute acids or alkalis (iieating with con¬ 
centrated alkaline solutions efTocls acid fission): 
R-GO-OHR^’COjC.Hfi+HsO 


aci'tute (Salkind and Boburischwili, Ber. 1909, 
42, 45(K)). For other syntheses invohdng 
organo-inetallu; (loinpounds v. Blaise and Maiwi 
(Arm. Chim. 1008, [viii.j 15, 650; Barblor and 
Locqiiin, Bull. Soc. Chim. 1911, 0, 717, 722; 
Iloynolds, Ainer. Chem. J. 1911, 40, 198; 
Darzens a. Rost, Compt. rend. 1911, 153, 
772). 

(12) Th(r nitnio oxides yield ketones on 
reaction with magnesium alkyl halides. Thus 


benVonitrde-oxidcr and magnesium methyl 
--B'CO’CHgR -i COa-hC-oHfiOH : berwonitrile (by reduction), aoeto- 

A simple method of eiTecting the ketnnio ’ 
fission of higher members of tliis scries of esters CjHs'C^N-l-Mgtr.Ha)! 
by heating for n few minutes with sulphuric ; V 

acid, pouring into watijr and /t i (■ n,,-C(;NOH)'C)I, 

current of steam has been descnl.ed by ^ ‘ .1 ■ r. v 

Bouveault and U. Loequin (Bull. Soc._ chim. j Per, H)p7, 4lt, liiOT)," 

lii.'1 01 11 Miphtip] find M'okfast. ; /lot x'.. 4 . 


j^ouveaujv anu av. ■ 

1904, liii.l 31, 11.53; ep. Michael and Wnlgnst, 
Ber. 1909, 42, 3170). 


n, 1111.1 01 , 11 .,.., Lj,. ....w..— -., ( 13 ) Ketiiues containing one methyl group 

-. 1909, 42, 3170). . ; can U? obtained by the reaction of diazomethane 

(9) Ketones are produced by llic interaction 1 nidciiyiim, 'Jn this ease it is probable that ^ 

.U,„;,1- A —o„„.m»i.nllii! enimiounds 1 „„ 8 tahlc furodiazole is iirst iirodueed, wbicli 

breaks down into nitrogen ami a ketone : 

•H HCH 0 RCOCH, 

"O 1 j 

,N -> HjC, ->■ -t-N, 

N' N 


{V) l\.l 3 l.UUCO ftlC ..- 

of acid chlorides and organo-metallic compounds 
(Freund, Annalen, 1801, 118,1) i «. 

2C«Hjr+i'COCl4'^n(CmH2m4,)8 ti 1 

=ZnCl 2 + 20 „Ha„.i-C 0 -C„.H,„.,i I R ' 

(10) Latterly magnesium alkyl liulideB ' i 


(10) Latterly magnesium alkyl halides ; ^ 
fGrignard’s reagents) hayo been largely applied i 
to the synthesft of V'tones. Nitriles yne\d 


_ . synthesft , 

imino derivatives, which are hydrolysed h 
dilute acids to ammonia and ketones (h 
Blaise, Compt. rend. 190J, 132, 38 ; 133, 121G 
R C: N+MgBrR'=RK'C : N'MgBr 
2RR'C : N*MgBr+ 2 H,S 04 + 2H.0 

==MgBrj4'MgSO*+(NH4)^SO*+2RR C ; 0 

A similar reaction using the esters of a-bromo 


s S 27 S 

and ketones _ ^c., whilst tnchloroacotone ^s 

been obtained in a pure condition by using 
chloral (Bchlottcrlx.ck, Ber. 1907. 40, 479, 1826, 
3000; 1909,42,2,5,79,256.7), 

(14) In ^atAtaiii cases ketones may be cqn- 


A similar rUttVWUU urtsii^ vs.a. V— 

acids and dne leads to the synthesis of ^-ketonic 
esters 

R C ;N-i-Zn- 4 -CR'HBr COjC,H 


vefted into higher homologues by the neti" 


Bodamidc and an alkyl halide. In this way 
diethyl ketone yields ethyl isopropyl ketone, 

un ff. r H ■ I diisop opyl ketone, and a campound CijHj.O : 

„ ili .i«M» 

C!N CN-l-Mg(C.H,)I=ra7 C(C,H,); N Mgl 


CN-i 


; V-Hgl 

(11) Acid amide, may be employed in place 
of nitriles (C. Biis, Compt. Band. 1903.13B. 676 : 
Vot. iii-T-r. 


6M ; 191), 153, 21,1415; 1912,164,865; 19U, 
166. M99, 1295; Am. Chim; 1913;^vlU.] 29, 
313 • Zerner, Monatah. 19U, 32, 677 ; Dumesnil, 
Asm. Chim. T9',7, fisc.] 8, TO). , 

(16) Formaldehyde nets on ketones in 
pierce of alkaline condensing agents, giving 
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kcto alcoliols, -wliicli iiiiiy ho dehydrated to 
onsaturatiWi kokiiics (Farbenfah. vorm. Fr. 
IJnyor & Co. 1). F, PP. 222r)GI and 223207}: 

Oil,-CO CH,4 OH..O -CHa'CO CHj-CHjjOH 

--nCH.’CO-CHtCHg-tH^O 

Hydroxy ketoiu'H have also been obtained by 
the action of carbon monoxide on the Grij'nard 
reaffcntfl 

2C0H 2MgllX -> 2<»: CR Mj^X 
-»MgX-0-CH(MgX) (’U: 0-»0H-CflR-CR: 0 

(Egorova, J. Huss. Piivs. Chem. Soe. 1014. 40, 
1319). 

* t Hatnrnted ketones can he prepared from 
ketones poHsensing ethylene Ijiikage.s by rediie- ; 
lif»n with hydrogen in presence of palladium or i 
platinum (Skita and jAh-yer, Her. 1012, 4o. 3r)70, . 
3r)80; Vavon aiuJ Fnillehin, C‘)inpf. rend. liHt), ' 
Hii). (Hi). i 

The liydroxyrnothyleiK! compounds obtained 
from kt'tones and formaldehyde^ can be reduecal 
to saturated compounds l)y liydrogeii in pn*8(!ncie 
of a colloidal palladium catalyst, ^J’liis is 
A’irtually a njetliod of methyhiting a Baturated 
ketone (J. 4). Riedel, A. G.,'1). U. P. 2W)405: 
Kot'/. and SehaelTer, d, pr. Ohein. 1913. [ii.] 88, 
(>04). 

(Id) Aromatic kidones (also ini.\ed ictones) : 
can he (jbtained by the action of acid ehlorides 
on aromatic liydrocarbons in jjreHcnco of j 
aluminium chloride. &e. (Friedt'l and (’rafts, 1 
Ann. t!him. 18S4. [vi.] 1, 507): 

This reaction may somotimcH extend to tlie | 
iiU)>hatio scries: tliuH Iienzoyl chloride and • 
etliyleno react in preaenee of almnituum chloride | 
to give phenyl irnyl ketone (Xorris and ('nm-h. : 
■1. Amer. ('h^.n, Soc. 1920.42. 2329). ' 

Ketones in wliich both radicles attaeliod to , 
t he carbonyl group aiv the same may Lo obtained : 
by the notion of carbonyl i-lilorido on uromutu' 
Jiydroearbons in ])resence of uluimnium chloride : 

2C«H,-K’0(’ls.-(Vrs‘t'0tVl5-f21U:i 

When acetyl eliloride acts on a solution of 
f>yr7olu'Xone in ciulxm disulphide solntiot\ niuh'i’tf 
tho inftvience of aluminium elih>ridi“, an addition 
('HjCH.-tiHCl 

product ! i is foniK'd. from 

CHjCHj'CHCOCHj t 

which t-ortiary bases remove the eh-ments of 
hydrogen chloride with production of (etra- 
hvdroaceto])!ienone (Dar/.ens, CoiiipL rend. 
1010, ir>0, 707). 

(17) The introduction of amino ^r hydroxyl 
p rimps rendeVs aromatic nuclei still more liable 
toWlfcA. DimethylaminoLenzoyl chloride and 
tetramethyldiaminobenzophenone (Michler's ke¬ 
tone) are successively produced by the reaction 
of phosgene with difnetrudaniline, no condensing 
agent*Deing necessary (Her. 1876, 9, 715, P.H‘0), 
p-!kminoacetophenone is formed by boiling 2 
parte of apiline with 5 parte of acetic oiiiydridc 
and 3 parte of zine chlonde for 4~6 hours (Klinjipl, 
Ber. l88&,’'18, 2688); whilst’ 2 : A-dihydroiy- 
acetophenone (resacetopfa^onc) is obtained 
when 2 parte of nsohiaol and 1 parte each pf 
acetic acid ana dno chloride are neated to 150’ 
(Nencki Md Siober, J. pr. ^em.«i881, [ii.] 23, 


1 147). Probably acyl derivatives are first formed 
[ wliicli sulisequcntly undergo ifidmerisation, e.y. : 

NU-rOH NH, 

n 

\/ \/ 

COR 

; For t he mechanism of isomerisation of acyl 
I anilides, .•^rc F. D. (.’liattaway (Ciiem. vSoc, Trans. 

I 1!)()4, 8o. 349. 38(). 589, 10(33 Angel, ihid. 1912, 
lOl, 515). 

The conversion of aectftnilide into amino* 
aeelophenof;e ih of interest in connection with 
the formation of flavaniline, wliich may be 
obtained liy .several hours’ lieating at 250^-270® 
of 2 ]iai-1s of ji<‘claniiide witli 1 part of zinc 
eliloriile {0 FiM-licr and Rudolph, Ber. 1882, 15, 
1599), or a mivture of o- and p-ammnaceto- 
phcnoiu's wilh zinc tliloiidc at 99“ (0. Fischer, 
Per. lK8(i. Hi. 193K) . 


Nil, 


I ('ll,14> 


21 I 00 -) 



iNIf„ 


An ae.>l group generally enters the aromatic 
nucleuH para to a hydroxyl gioiip, if the position 
i.s free. a-Najdithol, however, gives a-hydroxy- 
^•naphthyl methyl ketone, m.p. 103® ‘ (Frieij- 
lender, Ber. 1895. 28, 1946). Another modifica* 
tion, m.j>. 98®, has Ix'en described (Ton-ey, 
J. Amer. Ohem. Soc. 1910, 32, ii. 1477 ; mcc also 
Witt and Braun, Ber. 1014, 47, 3216). 

llydroxyketones can also bo obtained by 
condensing phenolfl witli iiitrileH in presence of 
hyilrogeii chloride (lloescb, Ber. 1915, 48, 1122; 
Steplien, ’J’rans. Chem. Soc. 1920, 117, 1529). 

(18) Aromatic ketones may ho obtained by 
tlie oxidation of diaryl methanes with chromic 
acid (Einoke, Aimalen, 1871, ISft. 377): 

,i (’8HnCH2('«H5+20--(V.H,-C0-CflH,-f-ir20 


(ht) Ketones (and aldehydes) arc produced 
by the reduction of ozonides, narticularly with 
potasBinm frrrocyanidtwiii jiretcnce or ab.scnco 
of acids (0. Harries. D.R.P. 321567). 

(I'erK-ral properties and rmetions, —(1) The 
aliphatic ketones arc; generally* liquid, tho 
aromatic ketones solid at ordinary temperatures; 
uauully they possess an ethereU or aromatic 
odour; most of them are insoluble in water, but 
cbssolvo easily in alcohol, ether, &c. They 
usually boil without decomposition : on passing 
the vapour of acetone over baked clay at 
5(^® -6()0®, methane and keteno CH 2 : CO are 
produced (J. Schraidlin and M. Bercman, Ber. 
1910. 43, 2821). 

Metallic derivatives of ketones are known. 
Bolaw 0®, acetone yields a sodium derivative 

CH,-C{ONa): CHj 

from yhich an unsaturatod tertiary alcohol may 
be^’obtaiiMdf by reaction «ith acetylene (Fr. 
Bayer & (5>., Fr. Pat. 474745). 

(2) ^Rfiduation oijketone9*by sodium amalgam 
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gives seconrtivrv alooholu, dii^rtiary glycols 
(pinacones) are rormod at the same time : 

CH,■CO■CH,+2H-CH3‘CH(O^K■F^, i 
2 CH,-CO-CHa+2H-(CH3),C(OH)('(UH){(':H3)a : 

Pinacono may be obtained from -accUmo bv 
reduction with sodium in preseneo of a liquid, 
such as ether, indifferent to sodium (B. A. S. F., 
D. R. P. 248252). ketones an' reduced to ■ 

pinaeones when their solutions are 

exposed to light (Cohen, Chern, Weekblad, lUlO. | 
13, C90). Hydrogen in presenee of plutinuni , 
black gives secondtyy alcohols; the veact-iim is 
very general (V’avon, Conipt. rend, 1012, 155, ; 
280). • I 

Th(^ reduction of ketones by aluminium or J 
zinc amalgam in presence of 80 p.c. hIcoIujI gives , 
secondary alcohols and pinaeones. Witli ben/.o- 
phenone, the formation of tiu' pinaeonc is found 
to be favoured by a slight aci<l reaetjon; benz- 
liydrol, on the oIIku’ hand, by addition of am¬ 
monia (Boesekon and Cohen, Proc. K. Akad. 
Wclensch. Amsterdam. 1013, 10. 01; (^oheij. ' 
Roe, trav. cliim. PHO, 3s, 72, 113; 1020, 30. 
243: Montagne. ihid. 330. 3:0). 

Fatty aromatic and alijilintM- ketones an- 
reduced to tlie corrcKponding hydrocarbons liy 
heating with hydrochloric! acid and amalgamated 
zinc (Clemmensen, Ber. 1013,4(h 18.57 ; ltU4. -17, 
51. 081). The (JO-grouji may bo reduced to 
CITa by reducing hyilra/'oties. ilc (^^ollT, 
Atmnlen, 1012, 304, 80). 

The jdiytocliemlcal iciluction of ketoiu's and 
dikotonea gives aoinewhal poor yields of the 
corresponding secondary alcohols; the.se occur 
aa optically active forms (Noubeig and Nord, 
Bor. J019, 52, 2237, 2248). 

(3) Ketones resist tlio action of oxidi.sjng 
agents to a far greaWr ovtent than aldehydes. 
Tuey do not readily reduce ammoniaeal sdvor | 
Holutions ; tlie rchisteiiey to alkaline oxidation is 
instanced by the fact that suhstances may bo , 
dissolved in acetone for ti-eatment with per- [ 
Timnganatc. Ketones ure. liowever. attacked 1 
by chromic acid, the carlxixyl grouji usiiRlly 
remaining attaclied to the {unaller hydrocaibon 
radicle ; thus methyl propyl ketone yields a 
mixture of acetic and jmtpionic acids, hut a 
good deal depends on the nature^ of the 
radicle IPopow, Annalcn, 1872, iOl, 28o). 
Wagner lias foiiwl that nropyl twbulyl ketone 
gives propionic and ?A'ovtneric acids, whilst, when 
ethyl Isopropyl ketone is ovidised, for every 
molecule of acetie and usobutync acids jiro- 
(luoed, 4 molecules of fi.cotono and propionic* 
acid arc fonimd (Jk;r. 1882. 15, 1194; 1885, 
18, 2285; J. Ru.ss. Phys. Chem. Soc. 1884, 1(5, 
845). 

Oxygen may also be added to ketones without 
rupturing the molecule; thus by the use of 
Caro B acid, acetone gives a peroxide CaH^Oj 
(A V Baeyer and V. Villiger, Ber. 1890, 3K, 
3027 ; 1900, 33, 124, 8r>0 ; ^ee also J. Pasturc^i. 
Bull. Soc. ohim. 1909, (iv.) 5, 227). 

(4) Ketones react less readily than aldehydes 
with ammoAia. Moureu and Migaonac nave 
published a collected account of their work on 
ketimines (Ann. ohim. 1920, [ix.] 14, 322). 
Keto-anils arc obtained by the actiea -of 
aromatic amines tm aliphatic kebools in the 
prtsenoe of iodine (JS. Knocvenagel, Ber. 1921, 
6, 1722). 


Ketones roseinUe aldehydes in giving oximes, 
although not always as easily as aldehydes 

(CH5),C : 0 + IfiN0H--H,0+(CH5)jC ; NOH 

(V. Sleyer, and Janny Bor. 1882, 15, 1324; 
.fanny, tVu'rf. 1778; r/. Lapworth and Steele, 
Chom. Soc. Trans. 1911, 1884; Clarke, Lap- 
worth and Weclisler, »Ye'rf. UK)8, 30). 

Wh(‘n tlio radicles connected with the 
carbonyl group are diffenmt, two oximes may 
bo produced from a monokolone. The iso¬ 
merism in Kucli eiiKOH is g«*nerallv referred to 
different spatial arrangement (riantr.sch and 
Werner. Ber. 1890, 23, 11). In ihdermining the 
conliguration of st(Teoisomeric oximes oonsido^- • 
able use iui.s been made of the Beckmann 
rearrangement (Ber. 1880, 19,1*92^, whereby they 
may be eonverled into one of two structurally 
isomeric substituted acid amidos : 

n-c jr(i*t!R)ir( u' ii (:f:i(ir8())R-( (ih nc-.o 

«-> .. r* 

NOH NCI Ml' NH’ NHIt 

iccir iM'K' <'i-("ir Hocit* 

^ • • -1. • 

HON (IN HN RN lUlN 

Tn effecting the Ivansfornuition, a very dilute 
and strongly i-oolod et-luTCal solution of the 
oMuie JS treated with a eonsiderablo oxcosh of 
phosnlioruH pentachloride, which is added in 
small jiortions at a time. The ethereal solution 
)s «l(‘canted fiom the excess of the pentachloride 
and sliaken with ice-cold waU'r, separatod and 
dri<‘d by potassium carbonate. The substituted 
amide is left on evajioration. 

The reariangement may sometines bo 
(‘ffocted by warming for 1 iionr with 10 parts 
of sulpliurio acid on tiie water bath, whilst 
I l)cnz<‘ne-Mulphonyl chloride hau liecn used by 
. Tiemann and Pinnow (Ber. 1891, #4, 41(12) and 
A. Werner and A. Pignet (Ber. 1904, 37, 4295). 

' Th(' litter chemists dctr*rminod the configuration 
! of the oximes of benzoin in the following 
manner: 5 grams of a-benzoin oxime were 

i dissolved in 20 c.(‘. of pyridine. 4 grams of 
b<*nz(me-Hulphoiiyl chloride added drop by drop, 
and the mixtun- allowed to stand 3 lipurs ..t the 
’Ordinary temperature. After adding dilute 
: sulphuric acid, the bonzaldehydo and l)enzo- 
nitrily wofe cvtractcfl with other; 

C8ii.-«-('H(<>H)-reH, 

SOU 

Tlic isomciic f! oxime treated in tlic same way 
^ato phcnylglycollanilido : ^ ^ ^ 

0 : C-CH(OH) C,H, 


C,U;C-CH(OH)C,H, 


H(iN 


ctlij-HN 


Doubt has been cast on the storeoebemi—1 
intcrpr<i*tion o£ the isomerijm of oximes. 
THb structural identity of lyn- and anfl-benxald- 
nxirae* (Goldsch'mi*, Ber. Ik89, 29f 31J 3) is 
difficult to reconcift with the fact that both 
empounds^# the same (ferivative with phenyl- 
oarbimide (Brady and Dunn, Tialb. Ch<^ Soo. 

). Atack (Trans. Chsm. Soo. 
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1921, 110, 1175) Hup]i')HC8 that oximes may cori'c- 
^pond to the three constitutions: 

(1) >C-^N—0-H 


(II) >C-=N<o 
(III) >C-NH 


oxiinc. 

“nitrone.” 

“ /.to-oximc.” 


^ulwtances of type (IT) would be difricult to 
isolate, Init alkyl compoundw would bo more 
dnble and the N-])hcnyI ether of henzophenone 

>xime, has been described 

by Staudmger and Mieseher (Tfelv. Chim. Aeta, 
11)19, 2, 502). Jt is of interest that the direct 
inetliylation of henzophenone oxime ^ives N-- 
iind O— inetliyl ethers (Semper and Lichti'n 
^tadt, Bor. 19lH. 51, 90!!; see also Alo.sKandri, 
(hizzetta, 1921, 51. i. 75. 

(5) Ketones eontainin|» the ^o'onp ‘t'O-CJI.^. 
react witii nitrous acid, ^dvinif the nionoxitnes 
•f diketones: 

C'fra’(’0-(!Ha'('nn l HNOa 

■ (:ll;,-(,10-(!(;NOH)‘(;if3d-HaO 

[L. ClaisHon and Manasne, Bor. 18B!), 22, 525; 
0. Diels. Bor. 1902, 35, 3200 ; 1007, 40. 4336). 

(6) Ketones react with hydrazine to give 
ketazinos (CurtiuH and Thun, J. pr. (bem. 1801, 
[ii.l 44, 161): 


Thio^cmirarhazide The 

resulting thibsemtearbazones 

NHo'CvSKHNiCRE' 

give insoluble or sparingly soluble salts of the 
heavy metals (C. Neuberg and W. Noimann, 
; Tier.‘1902, 35, 2049). 

nenzhfdmzidc C^iHj'CO'NH'NHj and its o-, 
I m-, and p-nitro- derivatives 

CVlI<(NOa)CO-NH-NH3 

, Wit!) aromatic ketones it is advisable to warm 
in alcoholic solution; aldehydes react morn 
' readily {(Ajrlius and co-wofker.s, J. pr. Chem. 
1894. [ii.] 5?.. 275, 20.5 : 1805, 51, 1G5, 353). 

DichlorokotoncK do not ueccssarilv feact 
; will: Hcraicarbazide to give monosemicarbazones. 
Tims whilst dicliloromethyl ethyl ketono reacts 
normally to give a monoscmicarbazonc 

CHri/(’( ; N NH-CO NlLl-CUs-CHa 

the Homeric methyl dicblorocthyl ketono give.H 
: the disemiearbazoue of diacctyl 

CH^-Ci: NCH^ON J'(’(: N'CH.ONa)-^^ 

; (Blaise, Oorapt. rend. 1913, 156, 1549). 
j Keferenoes to earlier work on Iho action of 
hydrazines on a-ch!oroketoiioa are given by 
. tiodforss, Bor. 1010, 52, 1762. 

(7) Ketones react witlt phosphorus penta- 
; chloride as follows ;— 

I R-CO-ll'+Pfl^. POCil;i+Tl-C(3j‘K' 


2R‘C0Tl'-t-N2TIi-=2IT20-l-TiR'C:: N’N : (.'RR' , 

or hydrazonos (E. Fischer, Aunalon. 1878, 190, 
130 i Ber. 1883, 16, 661. 2241 ; 1884, 17, 572 ; i 
1889,22,00; 1807,30, 1240): ' 

H-CO-ir+HaN-NKR''-- Ui,()-f KR'C; N'NH-H 

111 uHing^]»lienylhydrjizinc, a dilute acetic 
acid solution is geiKTally emi>loyed; where 
hydmzone formation only takes ]dace^ witli 
difficulty the ketone may fic dissolved in glacial 
acetic acid, treated with a slight exee.ss of 
jihenylhydrazine and aHowe<l to stand in the 
cold. In certain eases [f.ff. earvole, v. Baeycr. 
Ber. 1894, 27, 813) the kotoiu* and phenylhydra- 
zine may £<• mixed in equimolceular proportion;^ 
without solvent and allowwl to stand. 

In many eases tlie u.se of jihenylliydrazine for 
the isolation and identitieation of aldehydes and 
ketones may l>e advantageously roplacedj^iy one 
of the following hydrazino compounds: 

p-Br07nophenyInydr'iztn'e (E. Fischer, Ber. 
1801, 24, 4221 ; L. Jlichaelis, ibid. 1893, 26, 
2190). 

p-Nitrophenylhydrazif}*- (A. Purgotti, Atti R. 
Aocad. Iiinc* 1892 , 7, ii. 2t56 ; E. Biunberger and 
ji^emitzki, Bi'r. 1893, 26, 1306 ; E. Hyde, 
liiOwO, 32,1810; H. ]). Dakin, J. Biol. Chem. 
1908, 4, 235). 

aa- Methylphent/^ydrazina C,H j(OH ;,}N‘NH j 
(C. Neuberg, Ber. 1902, 35, 959, 2626). 

SkmiforhazidA NH j CO NH NH, (BaOyer, 
iltfbr. 1894, 27,1918). With unsaturated ketones 
of typo C^ 5 *CO‘(i;H: CH*R, Bfmiearbazido •aomi- 
carnazones are formed {Von Auwera, Ber. 1921, 
64, 987).* * ! ■ • 

AminoQvanidine : NH)NH NH*. The 

condenaatioi^ products with kvtShes may •he 
isolated oe well-crystallised picrates (Baeyer, 
ifioi 97. 1919). • 


Sometimes chlorination of one of the jadicles 
U,K' occurs (Favoraki, J. Uuss. Pliys, Chem. 
Hoc. 1912. 44, 1339). ^ • 

(8) Some ketones, ujiually those oontaipijlg 
ilie group ('Hn‘CO', unite witli acid sucUoM' 
Bulj)liite; acetone, for example, gives 

(CH,),C(t)H)(HO,Na),H 30 

Tlie ketono is I’egencratctl by sodium carbonate 
solution. 

(9) Hydrogen cyanide yields nitriles 

RU'C(OH)CN 

which react with ammonia to give the nitriles 
of a-amino acids RR'C(NH jlCN. 

A convenient way of preparing a-ftinino- 
nitnles is to dissolve a ketone (or aldehyde) in 
glacial acetic acid and leave this with a con* 
eontrated aqueous solution of potassium cyanide 
(Von Walther and Hiifmer, pr. Chem. 1916, 
[ii.103, 119). 

Aromatic isonitriles react with ketones in 
presence of acetic acid yielding products of the 
typo CH8‘CO’OC{R'R''}'CONHR (Passerini, 
Gazzotta, 1921, 51, ii. 126. 181). 

Many ketones react with ethyl cyanoaoetate 
in presence of ammonia to form piporidones, e.g. 
benzyl methyl ketone yields 3:5.dicyano-2:6- 
diketo-4-ben2yl-4-methyIpipridone (Guareeohi, 
Gazzetta, 1918,4S, U. 83. Compare J. F. Thorpe, 
Ibans. Chem. Soc. 1911, 99, 1424, and Kon and 
Thorpe, Trans. Chem. Soc. 1919, 115, 686). 

(10) Hydrogen sulphide converts the ketones 
int& thioketones, e.g. acetone yields thioaoetone 
(W. Spring, Bull. Acad. Roy. Belg. 1883, [iii.] 
6 , 230). 

^(U) The ketones do not so readily form 
aaditioneptfduots as the %ldehydes, e.g, with 
water and alcohol, but when a mixture of a 
ketouf and i meroeptan ie‘treat«)d with gaseo^ 



KETONES. 


70» 


hydrogen ghloride a iimrcaplol is formed parte of water, and 20 |>arta of acetone. aUowinfl 
(Baumatm, Boi» 1883, 18, 887): to stand 2 or 3 days in the ookl, extracting with 

(CH,),CO+2CjH5SH=HsO+CHj), 0(SC,H5), pressure ; 


(12) Polyhalogenated ketonos and poly¬ 
ketones are exceptional, thns trichloracctone 
gives a hydrate CCl3*C(OH)/CH,. 

(13) I'hc acetals oi the ketones (as well as 


C.H.CliO-j-CHaCOCHa 

+ : CH CO CH 3 

BenzalaceUine forins shining tabular crystals, 
,n.p. 41^-12“, b.p. 2(K)"-262^ b.p. (at 26 mm.) 


15P-lr>3° (cinisen and Ponder.'Annalon, 1884, 
of the^dehydes) may be obtainecU)y tho action I'anglois (’ompt. rend. Wm, 108, 1062). 

of orthoformic esters«(('laisen, Ber. 40, t.,.,!....;".. Uw. Imkaire bv hvdixi- 

3903): 

RR'C:0 + HC(()«sH5)3 

r-RR'CKOCall,)., + H(’()OC2li 


The ketone and calculated anuunU of ell.>'l y ol and a-cyehihexylb^^ 
formate are dissolved in alcohol (3 or more ’ . '.''A. , , ___ 


On reducing thi^ ethylcnic linkage by hydw)- 
giui in jiresence of platinum bla<*k, a-phonyl- 
l)iilnne-y-one. b.p. Il()'"-n2712 mm., ia pro- 
duced. I'urlher induction pivea a-^dienylbutano- 

y-' ’ ' ’ ’ " ‘ ‘.♦ 


luriuauj ail? iuf'nuitt** ii* ... 

molecular proportions) and a small amount of 
mineral acid, ferric chloride, &e., a.s <‘Htalysmg 
agent added. The mixture is either warnu'd for 
a short time or allowed to stand for a longer 
period at the ordinary tcmiieral lire. 

Nascent otliyl orthoformate from alcohol and 


Substitution derivativos, 


, c.ff. o-hydrorystvfyl* 
eres^ (Hanioa, Ber. 


lSiH.‘2t. Decker and Kcher, Her. 1908, 

41, 2!)!W; Heilbron and Buck. Trans. (’110111. Soc. 
!!»21, lli>, 1603). 

If. however, to 20 jiurts of licnzaldehydo. 


otliyl ort Kiforniate on^^^^^ 

ethyl iminoformatohYlnK;!.^ »!«■> of nulpiiuric acid are added drop by drop 

used (cp. h. Hess, D. R. 1. 1 HOD • thoroughly. 

H-C(:NH,HC))(0C2H5) I dilx‘nzalacetoue is formed. The mixture, after 

-Mld-I i H t (tK a«a)3 standing C>-8 hours at 0°. is poure?d into water, 
(Mfl Pinner, Her. 1883,10,36(1). llio precipitate waslied with caustic soda and 

(14) Many ketones, notably (‘vclic iictom's, crystallised from ether. Monoclinio crystals, 
behave towards acylating agents as if they m.]). 1I2'’-112'5. 
possessed the tautomeric enolic structure, thus 2t:«ll„’UlU) + CH:/(.’()’(’H3 
cv^fohexanonc gives e.sters of eye/chexenol (C. , i.-.;2H2()-|-(.^8l'fft'^'H : 

Miinnich. Ber. 1900. 39, 1594; IIKW, 41, 614; Claparede, Be.r. 1881, 14, 2460) 

..4 k,e Pan 


M^niiTchTBer. HHxViih'lSOi ; * llKt8 41, 604; 
cp. F. W. kSemmler, fhid. 1909, 42, 684, llbl, 

2014). A striking example i*' the conversion of 
diethyl and dipropyl ketones into acetyl deri^ti' 

-tivea of their onolle forma by licating with 
. Ji. parts of acetic anliytiridc, ami ‘V 

acetate for 70 hours at 206“-21o (V. 

^cu, Ber. 1909, 42, 1062). Keto-enol taiilo- ^.^- .. 

merism is discussed more fully m connection abnormal (AnnuJen, lj^l2, 393, 235). 

• with ethyl acotoocotate. . pp'.'I'eiramethvldiaminodistyryl kotono 

(16) Magnesium alkyl halides react with ^mi tjcwin, Ber. 1902, 36, 3676) lacks re- 

ketonos, giving U^rtiary alenliols : activitv towards fi-diketones and fi-ketonic estera 

C* 


Reduction of distvryl ketone by Paal’s 
nu'thod gives di-^g-pJienylothyl ketone, b.p. 
2247I8 mm. (Borsche, Ber. 1912, 46, 46). Into 
the latti'r compound, four methyl groups can 

-—,,-. " * .1? Ix^ introduc(“d by moans of sodamide and 

for 70 hours at 205 -21o ( V. iodide (Haller, (’ompi. rend. 1912, 164, 

19, 42, 1062). Keto-enol taiilo- ‘ reaction with phospliorus i)enta- 

ssed more fully in connection ,, 1 , 1 ,,,.,, 4 ,. jy ..knormal fAnnalen. 1912. 3C“ 


(V Grignara Compt -"'J- ‘I .S^Z'^ 'nmnbe; of coloured addi&n produoU 

Bu i. Soe. ch^. 118)1, '‘1 (Heilbron and Buck, Trana. Chom. 8oc. 1921, 

Univ. Lyon. 1901, No. h, 1-1 111). 

fia\ A miYiiiro of alkvl halide and sodium 11-S . x l 

(10) A 11 fm. rv.Vnnrd rcaceiils p-Amiiio ami p-acetamino-acetophenone may 

;ib\ted''‘S;feny.;olhy^^ ^ Lilt" mi7l 

oarbinol .^1)0^1 jj,,. ’e„iura’lion produced by strong acids 

“l'‘rnm,mhenone^di»H()lvcd^ in with diben/,alacetone is attributed by Baeycr 
ethyl and ben .ophenonc ^ Vi,,, ,, formation of quinonocid 

^^,17)' £'ere"ln‘inraU-t on’Li; atlo earbonlu.n^ salts (Ber. 1902, 33. 1189. 3013), : 

radicle react with esters and sodium cthoxidc to : (J(OH)CH«: CH‘C,H^ 

tnre S-dikctones. Jn this way benzoylacctom? t-l x. • 

mov ”hr obtained from ethyl benzoate and Confirmation is afforded by the isolation of 
Ber T887 20, 1153), or from the nitrate G„H..(J HNO, (Reddelien, Ber. 
acitete and (Ler Ad i 1912 45. 2904? V .Stobbc..Annalen, 1909,370, 

Clafsen, .Mii. 2180; sre alao R. W, L. flafce, 90 <i ,.(>(/.). . -.u j> i 

A Lanworth and E. Weohsler, Cheni. Soc. j * Acetophenone can only react with on^m^e- 
1908 93 3()). • ! <^“'0 bcnr.aidehyde giving phenyl styryl 

(181 Ketones ^suitable structure react with 1 ketone* (chalko»o). Hydro«y-den«tives of 
1 or 2 moleoales of an aldehyde giving un- i pffenyl alyiyl 
saturated ketones. Methyl styryl ketone, 

iSS.'rSSIJ’io r«.S«!X3.S! V 

iWtue of 10 parts of benzaldehydc, 900 ‘ 966) has. been improve# by Abell (Chem. Soo. 
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Tram. 1012,101,1000). wlioadfU 12 t'.r. of 20]).c. 
Huiution of Hodium motiioxidc in methyl alcohol 
to a mixture of 48 grams of bcnzaldchyde and 
48 grams of acetophenone. 

(10) Ketones react with carbon di.sulphide 
in presence of caustic alkalis, giving 4-keto-8 : 5- 
diaij)hylj)enfhinphcn-2 : fi-ditluols; 
UCll,0O-('H,R+2CSj+4KOH 

= .SC : OK C'O CR : C : 8+4H.04 2K.S 


1240,1200; 1010, 
1014, 47, 1331)). 
•CO 
■CO 


C',H,. 


3,350; 1911,44,57.3000; 

t 

>NK+Br(CHj),CO-CeHj 


KIir+C'„H,<gQ>N(CH,)„CO-C.Hj 

C«H,.<^.">N(CH,)„CO'C',H5+2HjO+HCl 

■:=C,lI,<^,°“J{+HCl-NH,(CH,)„CO-C,Hs 

OLfu'r rccint papers on amino-ketones: 
Forster, Uiiem. Soc. Trans* lOU, 99, 239; 
MamiJeh, ,Bcr. 1911, 44, 1542; Andre, Compt. 
rend. 1012-155, 52 ; Bottcher, Ber. 1913, 4C, 
3158; HaUev and llamart-Lucaa, Ann. Cliim. 
1017, jix.] B, 5; Halo and Britton, J. Amor. 
Chem. Soe.,1919, 41, 841, 1020; McKeiizio and 
Barrow, Jrans. Chera. Soc. T.'21, 119, (59). 

a-Anunokotones, when isolated from their 


A'O. 


CO 

EC'/ ,CR 
S-.C C;S 


K.,N^ 


CO 

R'('/'':,CTl 


KS'C\/' 

S 


CSK 


(H. Ajulzsch, Rcr. 1004, 37, 1.500 ; 1005, 38, 

2888; lit08, 44, 4028, 4030, 4017 ; 1000, 42, 

2040 ; 1010, 43, 12,50). 

(20) Ai l80''-200° hydrogen (with nickeli.sed ^ 
asbestos as catalytic agent) reduces unsaturated ; salts, condense in the following manner ; 


to saturated 
350300). 


ketones (11. Darzen.s, Fr. Pat. 




R'OO 

Cfl, 
/nHj 


\ 

CH. 

io-R 


+0 


-311,0+ 


DifjWcnlintioii of Kdonvs Jroin AldeJii/dc'^. 

Aldcliyden and ketones |)ohb(!R« many reac¬ 
tions in common, but. on oxidation, the ketonos 
do not give acids containing the sainc nunihcr of 
carbon atoms as th(i ketone (General Keae.tion 3). 

A. Einhorn finds tliai aldeliydos react with 
catechol inonocarbazinic ester 

(!„Il*(Ull)0*CO-NH’XHa ■ 
in dilute aleohoUe solution, whilst ketones do 
not, although condensation may be elTeetcd in ' 
a few cases when glacial acetic acid or zine I 
('hiorido is omiiloyed as condensing agent' 

(Aunaleii, 1808, 300, 135; 1901, 317, 190). I 

Sriy”’ mnnoearbazinatoa behave [ "yri^iinDVrcapcotivDry', c.g. : 

A. Angeli Ihids that uitroliydroxylaminc and 
other ‘ nitro^yl ’ (NOH) yielding aubstanees 
convert aldehydes directly into the corresponding 
liydroxamic acids (Gazz. chim. ital. 190*, 34, 
i. 00). 


N 

R'C,A|C'11 
11C\ / C-R 

if 

^-Aminoketones arc cujmble of existence as 
free bases, c.fif. diaeetoneainino 

cila-CO*CHa'C{CHa)aNH» 
y- and S-aininoketuncs couclcnse internally.* 
giving substituted pyrrolincs and tebrahydro- 


C„H/ 


>.NH 


CIL and 




CH'CH/ 
c-Aminoketones are stabli'. 


CHCH 


I'fllH, 


Jhjdroiyl and Atnino HubMliultd Kclvuts. 

Tlie substituted ketones UHUftlly exhibit the 
aweific ketonic eharactei-s as well an properties | 


ISDIVlDl’Al, Oi’KN-OilAlN M080KliT0N£S. 

1. Alipholic KetniH'S. 

Acetone is tuated in a separate article {q.L.). 


. .... ..-properiies# r.vowt.v ..--j-- .^ 3 ..., 

due to the substituent groups. Thus ^etu 15^ "'Ah ammonia, diacetone 

alcohols form esters, and anuno ketom*s are ' «uiine CHy'(H}'CH 2 C (CiIy) 2 NHj (Heintz, Anna 
liasic. The different groupings may, however, 1877, 189, 214; Everest, traits. Cheim Soc. 


atfoct one another, keto alcohols of tlu^ type I 
Hd'O'CHjOH usually give OHazoncs, as Iscvulose 
when warmed with plienylhydrazine solutions 
gives pbcnylgiuoosazone : 

CH,OH 
(CHOH), 


■i-o 


>+3C.H,NH-NH, 


IH.OH 


CH.OH 


=C,H,-NH,+NH.+ 2H,0+<™™'“ 

' * (L':N-NH-C,Hi 

' CH; N-Np-C,H, 

(E. Fisciief, Rcr. 1«84, 17. 57f>; 1887, 20. 82^). 

The saite of aj^unoketotyjs may bo prepared 
from the halogemsod ketortes by* condcnsalion 
with iKiiassium phtltalimidc aiit^aubscqucnt 
hydrolvsis Bcj. 1907, 4*. 2W9 ; lOOo, 

4l, 24^ 513, 1127, 2010, 2014; ^900.‘42 1238, 


1919, 115, 5B8; I’attcr^ii and McMillan, Trans, 
t'hem. iSoc. 1921, 119, 2i-9) and triacetoneamine 

NH<'cj^Sf):CH:>CO.+H.O Ifointz, M. 
1875, 178, 305), the former of w^iich has found 
application in tlio prenaration of 2 )hannaceutical 
products (Schering, 1). K. BP. 95620, 96621, 
96022, 95023 ; rp. Harries, B. K. PP. 99004, 
99005). 

The hypnotic. ‘ sulphonal ’ 

' (CH3),C(SOjCjHj), 

is Obtained either by the oxidation of the 
mercaptol (CH 3 ),C(SCjHj}, with potassium 
peroLanganate (Baumann, &r. 188^, 19, 2808), 
or by the mcthylation of etnylidcne diethyfsul- 
phono CHg'CHfSOjCjHs),, or diethylsulphone- 
methane CHt(SO,C|Hj)| with alcoholic potash 
anf raet^ iodide (Komm, ^imalen,, 18W, 253, 
147) (c. ^nraojJAi^). 

The halogen derivatives of acetone affect the 
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X Mrthyl propyl ketone (2-p<>ntan,mc) ie found 


1912, 45, 2489 ; Blai-si;: Compt 'i™l''"<B2 i ‘’ P- 

46; 1013 iRrt 7ft9 . Tj.,n o.* -l.-..' w.i,.’.. J) 


fa’ chim. 1014, liv. j 

4 ^' Wohlgmuutli, 

Ann. Chim. 1014, [ix.] 2y 403). ^ ^ 

In preparing inonobgomuacolone and utluT 
monobromoketones, J. J). Hied,..} adds a s.dution 
of bromme m bromide liquor to a hoi solution 
of acetone (or other oromokeloue) eotitaining 
bromoaectone (or bnuuoketone) iii bromide liquor 
(D.li.PP. 2JH1144* 2i)8it'>3). 'I’liiuoyanoacotonc' 
(Heilon and Tscl;erniac, Her. lss:b lb, 349; 
Tschemiac, Ber. lKH2. 25. 2023; Tmns. (.’hem! 


Methyl-n-amyl Itetone {2-heptanono) occurs 
in oil of olovcfl (Schimmel & Co., Bor. April, 
1807, 50) aiul boils at 15P-152®. It posHesses 
a pt'mu raring fruitv otiour. 

Methyl nony] ketone {2 uadecauono) forms 
the child Constituent of oil of rue {RuUi grawo- 
ILiii.l). being accompanied by a wmall 
aminmt of a ketone (.', Jl^^O (Wiihums, Annalcn, 
1858, 107. 374) It also forms 75 p.e. of tlio 
ketomr ])oi'tion of llio ‘ es-senee ’ of eoeoa-nut 
butter, in which iL is accompanied by motliyl 
hcjiivl and metliyl umlei'y! ketones (A. Haller 


8oc. 1{)1<> Ilf), 1071) yields 2-chl(fl-o-4.methyl-.- and A. Lassieiir, ('oinpl. vend, lOKt. 151, b07), 
tniazolc when treated with hydrogen chloride. . 

Methyl ethyl ketone {linlaDOhf), b.p. 78.6'',. 
sp.gr. 0'810l/15Y4’’ (Marshall, Chem. Soc. I’rans. 

1006, 89,1376), occurs in the distillate from crude 
calcium acetate, and may bo oblainod from tbc 
water used in washing wool; this is evaporated i 
with lime, and the resultant, calcium saltN dis¬ 
tilled. About 10-50 p.c. of ‘ai-etimi' oil’ is 
obtained, 80 p.c. is soluble in waler, and when 
fractionated 00 ji.e. of meiliyl elliyl ketone is 
obtained. This eomj»ouml is enijilo.\ed for tlie , 
donaturation of alcohol, tin' similanty of , 
boiliiig-pointfi making siqiaialion by fractiona- : 
tion nearly impossible (A. find I*. Buisine, (Jompt. 
rend. 1897, 125, 777; 18!W. 120, 231; 1899.; 

128, 501)(/j. Ac’jstonk oil). JAu' production from ■ 

«-Butyl alcohol, King, Oluun. Soc. Trans, j 
1919, 115, 1404. Vapour picsHure of mixluros | 
vith acetone (T. W". lAice, ibid. 1110). 

Mcth.yl ethyl ketone eondcuscH witii eLh)l | 

• f»nnalc in ])r('senc(‘ of sodium ethoxide to give | 
liydroxy methylene-butanone 1 

CH3'CO-t!( : CI10H)-C’}1,, I 

TIb latter eumpoiiiid is also ubtanied ri'om i 
azimtanoDo CH 3 *CO'C{N 2 )'CHa and formalde- I 
hy® (DielM and llbcrg, JJer. 1916. 49. 158), ' 

Oth»r derivatives, ucc Son-CJupta, t'hem. .Soc, 

Trais. 1914,105. 403. i 

lioprcne can be obtained by eondenaing ■ 
methyl ethyl ketono with djcthylamuio-methyi j 
ulcohd, reducing the djeth}’l-y keto-^-moth\ 1- | 
butykniine so found to a hydroxy cmnpoutid, 
formirg a quartemary aramoniura coiiijioun^ 
from fto latter, and finally treating with alkali 
(l-V. Ba/cr & I). R. P. 267040 ; cf. D. R. PI*. 

254714, 2606^, 26'i347). Condensations of 
methyl ethyl ketone with a number of Hldehydes 
are deeiril^d by Ryan and Devine (Proc. R. 

Irish Acaft 1910, 32. B. 208). A diketone 
CH 3 -C 0 -CH(CH 3 )-CH{CH 3 )-C 0 *CH 3 is produced 
on exposing methyl ethyl ketone to light 
{Ciamiciaii and Silber, Ber. 1912, 45, 1640). 

Methyl ethyl ketone, like acetone, may be 
employed instead of formaldehvdo for preparing 
sulphoxvlates (M. L. B., D.^R. PP. 162875, 

207840,‘2i;)467). 

Methyl hydronyethyl ketone * 

CHjCOCH.CH.-oH 

results from the condensation of acetone and 
fonnaldeB^de; (fchydrated by means of ?p.c. of 
zinc chloride methyl vinyl ketane 
CH, CO CH: CH- 


Metiiyl non\ \ keUme also occurs in jiabn* 
kernel oil (Salwiu, ('hem, Soc. Trans. 1917, 111, 
4(t7), 

2 Methyl-A- heptene 6 one 

{('Hd,(':(’llClL{'l!,'CU-(JH3 
oreiiis m oil of liiiahies (Bai'bier and Bouveaull., 
Comjit. rend. 1895, 121, 168), ami i.s a iionMiitueiit 
of lemon-grass oil (Hi'rtram and Tieniann, Ber. 
1999. 32,S;M).I).}). 173“. 174*',sp.gr.(l•8(K)2,at20‘' 
, 1‘4445. 'I’liis ketono has been artifiei- 

I ally jjiejiiited by the slow diHLillivt-ion of eiueolie 
: iin1i>(ln<le CndluD, C,1I,,() f-CO-l CO* (Wnb 
lucli, Anniiien, IH90, 258, 324), and together with 
; otlu'r Hiibstanee.-i by tlic o.xiilatioii of geranlo). 
jgeianml. and inelliyiheptenol by chromio acirl 
j ('riemann and 8emiiiler, Her. 1893, 26, 2722), 

I The Rami' uuliiorH also obtained it by boiling 
i geranonitnle with alcoholic potash and by the 
I oxidatinn of eitral (Ber. 1895, 28. 2120). 

I Verify (Bull. Soc. chmi. 1897, |iii.l 17, 175) 

1 obtains it by boiling 5(10 grams of oitral with a 
I Rolulmu of .500 grams of pota.ssiuin carbonate in 
j 5 hires of water for )2 hours, Ihi; ketono ia then 
I distilled in steam and fraetionatc'd under reduced 
i pressure Verley records the eorwtarits, b.p, 168“ 
: (84“ at 2(i mm.), sp.gr. 0‘9i0 at 14”, 1'437. 

1 Aletliylheptenonii givi'.s an oxi^ne and phenyl- 
I liijdtnzonv ; it is converted into dibydro-ra-xylcne 
j by the uetion of zinc clilorhlo (Walluch) or eoi* 

I centrated sul[>liuric iit-id (Verlcy); whilst on 
reduction elei-l ml ytieally, melli ylhepiunol is 
{iroduced (Law. (.'Kmii Soc. Trantl, 1912, 101, 
j 1022 ). 

! Zibethone (',^I1;,„D, m.p, 32'5A b.p. 206“- 
208“/17 mm.,oeeur.H in civet. Oxim^, m.p. 92“ ; 

1 .‘(r?n^ir5a207«j, m.p. IST” (Krwin Sack, D. K. P. 
279313). 

i 

11. Ihjdroaroiiuitic KduncM. 

of the non-cyclic ketones containing hydro- 
aromatic nuclei, irone, and its isomers are of 
ps}>ecial irujiort.mcc. • , 

Irone CiyHjnO was recognisod 
and Kriiger (Bor. 1893, 26, 2675; 189^^28, 
1754 ; Ticmann, ibid. 1898, 31, 808 ; Haarmann 
an ’ Reimer, D. R. P. 72840) as the odoriferous 
jrmcjplc of iris root (Iris florentina [Linn.], 1. 
germanica [Linn.], I. -jfnllida [Linn.I), or 

iris (|i is obtained chiefly from I. florentina; at 
l^rdinaiy temperatures it •forms • fairly firm 


§ _ 

yellpwish mass, ^osaeasing^n in^ijpse odour of 
violets. It consiits of about 80 p.c. of myriatic 
b.p. 80% is fonald (Farbenfab. rr. %ayer i acid assarted with kone, methyl myriatate, 

Jc Co., D. B. PP.^2^55L, 22320^, 242612). T oleic uld^^de, acid,^ and ea%»rs. Irone and 
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volatile esters diatil in a current of steam, the 
esters are saponified, the ironc again Rtoam dis* 
tilled, and the product rectified under reduced 
pressure. Pure irone is dextrorotatory, b.p. 

(16 mm.) 144°^ sp.gr. at 20° O'ftSl); oxirnr. 

C13H20: NOH, m.p. 121 ' 5 ° ; p-hromo-plicnyl- 
liydru7.ono CjjHjy: N’NH-CpHjBr, m.p. 140 °- 

Tieiminn and Kruger {(.r.) dclennined tlio 
constitulion ot irone as 

HC'/ ',CH CH:CH CO CH,, 


JiO'----- 


CII, 

,ar^d attempted to wyntliesise it from citia! [ 
(lemon-grass oil). 

Ionon$S (a- a'hd j3). Tlicsc koioncM, isomcnc 
with irone, and diiT(‘ring from it and from one 
another by the position of the* doulile linkage m 
till' ling, wore actually obtainerl from citral; 
as they also liave an odour of vjolcU they have \ 
ailaiti'd very consiilorable tcchnicftl importance ! 
(Haarrtninn and Ueimer. D, K, PP. 73080, 
76128). 

Citrul uml acetone are condensed to il^-iononc : ' 

C((:h,)2 

CllCllO i 

Jl (' li H-(d4*COCH, j 

CJl.. I 

Htjr-.. C(('H,)2 i 

■ CH-(.X) CHa 
CH, 

wlueii, on boiling witli sulphuric acid, gi\es a 
mixture of 

C(CH,)2 

tCH'COl'Ji, 

CH 

a-Ionone 

umL CiCHa). 

'OCMj 

CHj 

;J-Iononc 

The formation of the former is favourer! by 
a dilute acid, the latter when morc^ concentrated 
sulphuric acid is employed. The separation of 
the two iaomcridea is effected by the more sparing 
solubility of the bisulphite compound of a-ionone 
(Tiemann, Ber. 1898, 31, 870), the process may 
be aided by salting out with sodiuni chloride 
(J^^i^it,^ Rev. gen. Chim. pure appl. 1003, 0, 
422). 

According to patent D. K. P. 120027 
a-ionone is formed p^ferentially with con- 
Qontrated phosphoric acid at 30°, jS-ionoiy* 
almost 'ezolusively when 70-100 p.c. sulphuric 
acid' is employed in the cold (Kaannan^ and 
Reimer). ♦ * * 

Citral may be i^merised to a- and ^•cj/clO‘ 
citrals, which condense witb»aoetone, yielding 
ioDones (Haarmann and Reimer, J^. R. P. 
123747 ; Tiemacn, Ber. 1900, 33, 3*^^). Other' 


information about the preparation of ionones 
and higher homologues using methyl ethyl 
and methyl. wopropyl ketonei in place of 
acetone is given in Uaarmann and Keimer's 
pakmts (D. R. PP. 126900, 126900, 127424, 
127831, 129027, 132222, 133708, 150827, 

183805). 

a-Ionone is an oil with strong, sweet smell of 
fresh violets, b.p. (12 mm.) 127'6°, sp.gr. at 20° 
0;l)301; oxime Cj^Hjo • NOH, m.p. 89°-90° ; 
fiemirarbazoiic ('lyHju • ‘K'NH CO'NHj, m.p. 

^■lomnc is also an oil silielling pleasantly 
like violets, b.p. (10 mm.) 1^2<°-128’--»°; sp.gr. 
at 20' 0 94-12; oily; aemicarbazon(, m.p, 

U'i -149 . Vour hydrogen atoms may be added 
to a- ami ^-ionones or to irono in presence of 
colloidal palladium or platinum black (Ruzicka, 
Helv. Chim. Acta, 1919, 2, 302). 

A ketoiu' (JiiHuO, isolated from the 
Indian deodar {Cidru'f deodara), is probably a 
p - methyl ■ telrahydroacotoplienonc (Roberts, 
Chem. Sor. Trans. 191(5, 109, 793). 

HI. uVixed Kftones. 

Acetophenone C8lln'CO'CH.v used medkiually 
as hypnnw, is formed by distilling a mi.viurc of 
calcium acetate and benzoate, and is con- 
vcniently prepared by the action of acetyl 
chloride on ncnzcnc in the presence of aluminium 
chloride (Priedel and Oraits, Ann. Chim. 1884, 
[vi.J 1, 007), m.p. 20-5°, b.p. 292°, sp.gr. 1'032 
at 10°. 

Acetophenone does not combine with 
sodium bisulphite; phosphorus pentachloridi 
gives CaHg’CfJl^'CHa; halogens substitute in th« 
mi'thyl group (Gautier, Bull. yoc. chim. I88f, • 
40, 870). The phcnylhydrazone, has m.p. 105°. 

The methyl grouji of acetophenone may 00 
alkylated in presence of sodamidc (Haller aid 
Bailor, Compt. rend 1900, 143, 70). Wien 
acetophenone is heated witli sodium cthoxid« to 
130''-140°, some 3 t 5-diphenyl-methyl*bcn;euc 
is formed (Gusialdi and Chcrehi, Gazz. chim. ital. 
1915, 40, li. 251; 1920, 50, i. 71). 

Acetophenone condenses with benzaldelydc, 
giving styryl yheniil ketone 

CeHjc'HiCHCO-CeHjj 

/derivatives of this compound occur nutirally ; 
e g. hesperitin and hommriodictyol to wlich are 
as.signea the respective structure : 

* HO 


HO 


HO 


and 


HO 


CH,0 


HO 


(Power and Tiitin, Trans. Chem. Soc. 1907, 01, 
887; cp. Tiomann and Will, Ber. 1881, 14, 970 ; 
Perl^m, Chem. Soc. Trans. 1898, 73, 1037 ; and 
Tutin and Caton, ibid. 1910, 97, 2062). Buteln 
i is 2 : 4-dihydroxyphenyl-3 ; 4-dihydro:yr8tyryl 
j ketons^ its synthesis was cffiv^ed by' (roschke 
'and Tambor (Ber. 1911, 44, 3502; 1912, 45, 
186). 

oi-ClUoroaoetophenone (phenaoyl chloride) 
CgH|CO'CHjC\^ is obtained 4t>y leading the 
5 tbooretical amount of chlorine into boiling 
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acetophenone. • The product in distilled, the ; 
portion paaiing over oclow 200'’ is chlorinated 1 
again, whilst thft fraction between 240“ and 250“ ! 
is oollocted separately, and the nionochloro- ‘ 

derivative cryataliised by coolhig; m.p. ; 
b.p. 244”-245“ (Staedel, Ber. 1887, lO. IS 10). 

cu-Bromoacetophenone is 

prepared by atlding gradually one molecular 
proportion of bromine to acetophenono dissjdveil 
ii» earbon disulphide (llunmus, Bcr. 1877, 10. 
2007), a current of drjr carbon dioxide being led 
through (Staedel, Kleinselimidt, ibtd. 1880, 13, 
837 ; 1883, 1(3, 23); m.p. 50 ". ; 

Both phenaeyl ohlondc and broinidc arc of 
use as synthetic agents ; thus wilft anuuouia ' 
2: G-diphenylpyraiino is produeW (Gabriel, 
Ber. 1008, 41, 1127 ; Tutiu, ('hem. Soc. Trans. 
1010, 97, 2495) a eomfround jire\Jously ih'srribcd 
by Staedel and Rugheiiiier as ^^oirulol (lice. ; 
1876,9,603 ; 1880.13.836). I’henaevl Muipliide 
is of interest on account, of the steri'msoitUTistn ! 
of certain derivatives (Fi-omm and Flaseiicn, ' 
Annalen, 1912, 394, 310). 

p-Amlnoacetophenone NlIa'Cfill 4 -GO GHy , 
m.p. 106“; b.p. 293"--295'. One method oi 
preparing this compound has been giscii pre¬ 
viously (general methods nf preparation, 17). ! 
F. Kunckell (Ber. 1900, 33, 26U) obtains /i- 
acetylaminouceloplK'noni! by the action of 70 . 
grams of alununmin chlondo on a imxturo of 
20 grams of acetanilide, and 50 grams (*aeh (tf 
carbon disuljihido and acety! clilonde, u yield 
of 15'5 grams (m.p. 10(V-167') being oliluincd. | 
Tho free aminokotoae is nuKlily obtained by 
boiling for half an hour with tlirce times its weight 
of 13 p c. liydrochloric acid, and preeijjiluiiug 
, with sodium ciirboniito. 

Tlic liydrochloride.s of o* and p aminoueeto- 
phenonc give coloured solutions m aleohol; 
solutions made from the vu-isomerido are enlour- 
less. Tliis agrees with a quinonoiU structure for 
the two former (Kuhara. SaiLo and Slimornura, 
Mem. Coll. Sci. Kyoto, 1920, 4, 201). 

o-Hydroxyacetophenone HUCgli^CGfJHa 
was first obtained by ketonie fission of o- 
methoxybenzovlocotic cater and subMiriuenl 
splitting oR ot tho methyl group (Taliara, Biir. 
1892, 25, 1306). It lias been found liy Dunstun 
and ileni 7 in the oil of Chionn fjlnhra ((diem. 
Soc. Trans. 1899, 75, 67), b.p. 2i3''/717 mn.% 
Aceti/l derivaiirc, m.i>. 89“; oTi7tu', m p. 102“: 
phenylhydrazo7if.f m.p. 108“ 

w-Hydroxyacetophanone. m.p. 96“ (Biginolli, 
Uazr. chim, ital. 1894, 21, i. 440; Besthorn, 
Ber. 1894, ^7, 3042). 

p-Hydroxyacetophenono may be obtamed 
from the amino compound by diazolisation ; 
m.p. 107“ (Iflingbl, Ber. 18S5, 18, 2691). 

Resaeetophenone 

CH3-CO-C,H3(OH)a-(OH ; OK=2 : 4 
a compound of 8^^lthetical importance^, is ob¬ 
tained as desenbe^ in General Method 17 ; m.p. 
142®. M 

Gatlacetophenone 2:3:4 (011)3C5HjC(TCfcIa 
fiiinilarly obtained from acetic acid and pyrogallol 
is used a^ a mo|dant dyestuff. Tho analogous 
purely aromatw hydroxy ketones, which a/e 
eimilarly employed, are described later. 

Various oondenaations of resorcinol and 
phloroglucinol mlth fatty acids haVe«4>oen 
(B. Karrer and S. iCbsenioId. Holv. 


Chim. Acta, 1921, 4, 707). Acetic acid ocm* 
donses with tho naphthols to hydroxynaphthyl 
methyl ketone (K. Fries, Ber. 1921, 54, 709). 

0 -, /?».. and p-Tolyl methyl ketones (b.ps. 
211“, 221“, and 224 r)^ at 746 mm.) and other 
tolyl alkyl ketones have been prepared by 
passing the vapours of the corresponding 
urumatic and futty acids over thorium oxide at 
460 -470' (Sendenm.s, Gom[)t. rend. 1911, 162, 
90). 

Zingerone (’nHnOa has boon isolated from 
tho oxtraet of gin or (Zii\^iber oJiciTuilis), m.n. 
40’^1“ (Nomura, ('hem. 8oc. Trans. 1917, Hi, 
769) or 3r'-34“ (laij)worth, Kbylo and Pearson, 
ihir!. 777). Its constitution is that of i-hydroxy- 
3-mothoxyphonyIcthyl methyl kotone. It has 
bisui syiitlKvsi.st'd by condensing vanllino wi4h» 
acetone, and subseiiuentiy reducing (Nomura) 
and by reducing ethyl vanillylidn-aceUi-aoetate, 
followed by hydrolysis (l^pworth). (<SVe also, 
l’earsf>u, I’hivrm. d. 1919. 103, 78.) 

1\'. Aroin(Uic Ketones. 

Dlphenylketone (Benzophonone) 

I This ketone is obtaiueil bv several of tlip general 
' methods (2, 4, 6, 7, 10, 11, 16). 

Dry calcium benzoate 
! mixed svilh one Umtli of its weight of limo is 
; distilled from an iron relori'. Tho (Ustillatxs is 
' fractiouatocl, tho portion distilling at 290®-310* 

I being collected separately. This for tho most 
< part solulilios on cooling, liquid iinpuritios arc 
i removed by proHsure, and the ketone crvstallised 
from uleolit;). 'J'lie yield amounts to about one» 

! fourth of tlio wciglit of tho calcium benzoato 
: us(mI, tho olluT products of distillation consisting 
i of l)en/.(>uc, diphenyl, and anthra([uinunc. 

(ii.) A mixture of equivalent amounts of 
benzene and benzoyl chloride dissoivud in 
carbon diMul])hido is treated with aluminium 
ehlonde, of|ual in weight to tho benzoyl chloride 
u.HCil. The reaction is completed under reflux 
on the water-batli. water is carefully added, 
and carbon disnljihide, unattacked benzene, anej 
ben/oie acid removed in a current of steam, 
j Tho residual oil is washed successively with 
dilute hydrochloric acid, dilute caustic soda and 
I watKT, dried, and fractionated. Yield 70-76 p.o. 

I (iii.) VVcll-cooIcd Ix'uzcnc is saturated with 
t carbonyH chionUe, and aluminium chloride add^ 

I in small quantities at a time. 'Die operation is 
i conducted undei reflux, and tho product worked 
I up as in the last case. From 100 grams of 
benzene, 55 grams of i>hoHgene and 30 grams of 
aluininiuni chloride, 33 grams of benzophenonc 
may f*e obtamed. 

Properitrs .—Hhoinbic prisms ; m.p. 48“-49®. 
An unsthWe .Jlotropic form ,(? monocl/nic), 
melts at 26“-27“ (Zincke, Annalen, 187_1,.^59, 
377 ; Oechsner de Coniiick, C<>mpt. rencL 
1900. 130, 40); b.p. 300“ (170“ at 15 mm.). 
Toniniann has described, a third modifleatioQ, 
iii.u. 45“-48“; and Waltlier and Wahl a fourth, 
m.p. —51“ (Chem. 2^it. 1913, i, 319). For 
variation of boiling-point with preesur8| Me 
JDraf* (Bull. Soc. chim. 1883, lii.)«82). Oxifne 
4 C,H 6 )tC:N 0 H; m,p. ^-6^40®; jthenffU 
tiyihazone (C^Hj)^; ; in.p. 137*. 

AryliialPei (R^delien, Ber. 1909, 42, 47f^; 
19J0,43?M6). • 
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NilraU-, yellow m I’oluur. Otliev suUh liavc 
not Boen ifsolaU'd, but their c.\lHteii( c is ]>robablc 
(K. il. Moyer, Jior. 1010, 43, 157). 

Addition products CO((;oH 2 ) 2 ,AlClj, m.p. 
130", and m.p. 142" {Menschut- 

kin, J. Ruhb. Piiys. Chem. .Soc\ 1010, 42, 120y). 
Tho addition product with Hodarnido yK‘ld.s 
boiizamido on dcconipo.sition with water 

-C’ali,.L:(.)i\li2 ■ C^H,. rNaUa 
(Ibillcr and lliuier, Omipt. rend. lOOS, 147, 
H24). Bcnzophciionc reacts with benzyl acetate 
in rtuiilight, giving the oionoucetyl derivative of 
iriphonylelliylene glyeol (Paterno and I’orh- 
Korti, (iazz. ehim. ital. 1010, 40. ii, 332). 

, Tho kotuno gives benzhydi'ol ((j^H.). 2 ('H{OH) 
wlion reduced with Kodmni anmlgani, but it is pre¬ 
ferable to add ztnc! dust to an alcoholic solution 
to wliieh a small amount of atiueous potnsli has 
been addeil (Elhs, J. jir. Chcni. 188(), [li ) 33,184). 

The influence ol Hub.Htitiu'nts on 1 hi^ reduelKin 
of substituted bouzojihenom'fs lias been c^amlncd 
by Montague and van Cliaranie (Rec. trav. 
clum. 1012, 31, 208; 1017, 30, 258). For 
liirtlier informal ion a.s t(» tho ineehanisrn ol this 
reaction in presence of lt^'(lro.\yl ions, .o:c 
Rdesoken and ('olien {Proe, K. Akad. Wotenach. 
Amsterdam, 1014, 10, 0G2). 

Substitution (halogen, nitro, amino, 
dorivativeK are known ; of tliese tlte amino and 
oaj)ociiil!y tho dialkylamino deiivatives are of 
conwhlerable teelinieal inijiurlaiiee, 

p-Aminobenzophenone t’J 1 4*N11 j. 

(i.) 75 grams of ])lithalanil ( Vl 4 <[iJ|>N’(’„il,, 

and oOgnuns of benzoyl elilonde are lioiled for U) 
or 12 houi.s, Ziuu chloride (1 gram) being added 
from time to time. Tiie resulting jiiithalyl- 

bcnzoanilide C„H 4 <^^,JJ'>N-t.\H 4 ‘C() tyi- may 

be purihed b\vryBlaUisation from ghuial aeotio 
acid; when hydrolysed by alcoholic potash it 
gives p-atninobenzophenone {benzoanilinc)|-uid 
phtlialio acid (Doebner, Annalen, 1881, 210,208). 

, (ii.) Aniline and 2 molceiilar proportions of 

benzoyl chloride, are heated gradually at 220"- 
230", and the 1cmp<;rature maintained for 20 
hours. The dibenzanilide fiist produced ia tJnis 
isomerised to a mixture of o- and ?i-benzoyb 
aminobenzophenones ; the change may be ni<led 
by the ad(litiou of 10 p.c. of zinc ehloride. 
After hydrolysis of tho product the two amiuo- 
benzophonones may bo separaU'd by steam 
distillation, tho ortho- compound being volatile. 
Calculated on tho weight of aniline used, 15 p.c. 
of tho ortho- and 45 p.c. of Iho para- derivatives 
are obtained (Chattawav, Chein. Soo. Trans. 
1004, 85, 394). 

Shining lea^ets *, m.p. 124". ' * 

Amino^enzophenone and dimethyl- and 
dietnylaminobonzophononoB, as well as di- 
mothylaminobenzophenone sulphonic aeid oon- 
denso with pyrogulo) in acid solution to form 
triphenylmethane mordant dyestuffs ((3o9. f. 
Chem. Ind. Basol, D. B. P. 68689). * 

p-Dlmethylaminobenzophenone . 

‘C.Hj-CeCeH.NtCHa), ^ , 

is obtained li^achitc groon and coucen 
tratod hydroohlorio acid at 2^0" (Bcr. 1880, 13. 
2225), and by methylition of j)»4^nob^zo-« 
phenone (DceHiior, Annalen, IWl, 210, 270). 


Technically, it is more easily- prepared by 
interaction of bcnzanilide, dimcth'mniline, and 
phosphoryl cldoride, and hydrolysis of the 
resulting product: 

GoHj-CO NH*(.V-l- CflH.-CGl: 

, G«H,-(:(G4H4-N[CH:,)J : N-GeH, 

-> CoH,'CO (.!.;H4-N(Cll3)2 
20 kilos, beiizanilide, 40 kilo.s. dimcthylani* 
line, and 20 kilos, [ihosphoryl chloride are 
stirred and warmed uurtl .spontaneous heating 
takes jdtu'e, tlie teinjicraturc is then 4ce])t below 
j 120", and the reaction subsequently finished by 
! one oT 1-wo liours" healing on the water-batli. 

I Hydrolysis may be elleeteil in one of two 
; ways : • 

{a) The mass is poured into lOO litres of 
. water and 5 kilos, oi hydrochloric acid warmed 
' to r>()'', tlie liquid allowed to stanil, whereby a 
portion of the ketone scjiarates, the remainder 
lieirig precipitated )»y the addition of 500 litres 
of water and careful neutralisation with caustic 
soihi. 'Hie ketone is collected, CAlraeted with 
i liydrochloric aciil, waslied, and dned. 

(h) The mass is made alkaline, excess of 
; dimethylaniline removed m a eiirrcut of hli.-am, 
and the granular residue liydi'olysial at 50 -70" 
with loo litres of water anti 10 kilos, of hydro- 
, chloric aeid. A portion of tlic kotono is jire- 
cipit/Uted, the remainder is obtained by addition 
of aqueous eauslic soda, care licing taken not to 
I throw tlio aniline out of solution. Other 
i (iialkylaminobonzojibenoiies may be Himilarly 
ulilaincd (Farb. voriu. Muistcr, Luciua, and 
Rnmmg, 1). K. RP. 41751, 42853). 

p- Diiiiothylannnobenziqihenone forms colour- 
less leaflets; in.]). OO^-Ol". Jt is a weak base, 
lusoliiblo 111 water, Hjiarmgly soluble in cokl * 
alcohol. IMiospliovus triehlondo yields a yellow 
! compound, jirobubly 
' GJi5*GGl./('„ll/N(GH,,)i,or 

GeH,-CGl;CVl4:N(ClTJa01 
which can be purified by solution in chloroform 
; and repreeijntation by jietroleum spirit. It is 
easily converted into the original ketone by 
heating witii water, and condenses directly with 
dimetlivlaniline, forming malachite green (B. A. 

8. F., 1). K. P. 27789). 

Tiw hydrul Cull 6 -(;il(OH)-GaU 4 -^’(Clia )8 
, (lu.p. 69"-70"), obtained by reduction of di- 
' methylaniinobenzophenone, condenses with di- 
luethylauiline to leuco n^lachit<?'green. 

If llie reduction is carried out olectrolytically 
; or by zinc and sulphuric or hydrochloric acid, 
tiic corresponding pinaeone, m.p. 1D6“, ia found. 
This yields a mixture of the ketone and hydrol 
when heated with alcoholic, potash {Fisclil, 

■ Monatsh. 1913, 34, 337). 

Micidor's ketone reacts with the Grignard 
reagents, malachite green can be obtained in 
; this way (Votocek, Bcr. 1913, 46, 1755, 1760). 

, 4:4'-DlamLnobenzophenone 

i \ NHa-CgHj-CO-CgHi-NH, 

(m.p. 172*), and its trimethyl derivative 

(CH,)jN-C 4 H 4 -CO-CeH 4 -NH(CH 9 ) (m.p. 166") 
91 'e ol^ned from pararosanil^c (or rosoniline) 

, and pentamethyl violet, respectively by pro¬ 
longed heating with hydrochloric acid (Wicncl- 
hau^ B^r. 1886, 19, 109) 

AaiumQ 6 et 2 .zophenono aiA its derivatives 
con bo oondenseu with pyrogallol to green or 
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blue mordant dyestufis (Ges. f. chem. Lid. Basel, 1 34, i. 386), 
U R. P. 6P3261 

T^thtmetbyidiaminobeiizophenone (Micbler'a 
ketone) COiC,H 4 -N(CH 3 ) 43 , is a valuable inter- j 
mediate product in the preparation of many 
(^estuSs, and was first obtained by Michlcr 
(Ber. 1876, 9, 716, 1960). Dimctbylanihiie is 
saturated at ordinary temperature with the 
theoretical quantity of phosgene, and the reaction 
completed by warrnin;^in a clo'>ed vessel to 100 . 

Water i.s gelded, excess of diinethylanilme re¬ 
moved by steam distillation, and the ketone 
purified from adlierent blue colouring matter by 
repeated solutioa in hydroeliloru 4 acid and 
rcprocipitalion with soda. ^ 

Micnlcr’a ketone may also be prepared by 
carefully heating on tlie water-batli 10 of 

dimethylaminobenzaniiido 

18 kilos, of dimethylaniliiie, and 8 5 giains of 


71u 

34, 1 . Introduction of the iiitro group in 

position 2 may be effected by nitrating letra* 
raothyldiaminodiphenylmothano, and Bubae* 
quentlv oxidising the i?Hj, group (iarbenf. vorm. 
Fr, Bayer & Co., D. R. P* 79200). 

Hydroxyl dcrivatiivs of iknzophcm»^. 
Numerous hydroxyl derivatives of beiuo- 
T)heiiono have b«‘'en prepanal, many by rewtions 
involving the condensation of bcnzoio acid ana 
its derivatives witli phenols : 
Cdl5.dOH).COOIl-fC4H.-dOH)» 

The trihydroxyhonzophcnoiioH obtained from 
pyrogallol contain the grouping ^ 

■('O U„irj(OH),(CO oil: oil: 011=-- 1 ; 2 : 3 N) 

they arc RTOcrally yi-llow in nnfour, and nro used 

as mordant dvestulls. ,,wiv 

Alizarin yellow A, 


18 kilos, of dimethylaniliiu- and 8 3 t;iains of . "j,. hcatiilK ’l part of py^'ORallol and 

phoaplioryd ohlurido, thn prodiRl of benzoin acid to 145", and addins 3 parts 

up in a similar manner to tliat adopts d in tin » with eonlinuous stirring. Iho 

case of dimethylaminobenzophcnoue. ..nd of the reaction, which takes about 3 hours 

DisubstituU>(lfbalkylaminobcnzumideH(Mcis- rccouuised by the solution of the 

tor, Lucius, Brunmg, I) R, 1 >. 44238 may also | I^XtmhotrXrgivmgslenderbr 
be employed. ' needles, and not benzoic acid on cooUng. The 

benzoclipbenylanune(CH;,) 2 N t gil, tt.> N(t . 

I.Ii-i ,i:.In,,.l.Ttr. onri .r» Li (ifl. of 


precipitation of tlie ketone anfl diphenylaniuie 
and separation of the latter by washing with 
aleoholfD.R.r. 44077). 

The ketone forms silvery Icallets, m.p. 174 
(con*.), boils witli some decomposition above 
360“; it is easily soluble in alcoliol and ctlier. 
The basie properties art^ weak. Picraie 

C,,H,.UN„C,Hi(0U)(N0j): 

, IBlP-luT” 


dcricutivc, colnuitoa ; m.p. 110 
1 mordanted witli alumina it dyes golilon-ycllow 
Ubadcs, winch molino to oranne m proseneo 
’ of calcium aalts. A fine yellow is producod witli 
I aluminium acetate and tin salt; the ehromium 
! lake IS hrowiiish-ycllow, aud the iron lake dark 
! olive. Tlie colours produced arc very last. 

' ByestuBs giving similar sliados are producod 
hv the eondeiisation of pyrogullol mth m- and 
^ u'.hvdnixybenzoic acid, and jS-resorcylio acid; 

and .salicvlio or nvragallol- 


'/ehvaroxyoenzoic uuiu, - 

in.p. IBIR-luT’. . , : tliose from pyrogullol and .salicvlio or pyrogallol- 

Tetraethyldiamlnobenzophenone o Jiumed , acids give R-dder lakes, w^st tho 

similarly melts at (Michlev and Orad- , ^ gri-iuiish-yellow shade if dyestuffs 

man, Ber. 1870,0, 1014). ! ,.i.ii.,n„fl bv cnmlensiiiff tiallicaeid with rosorcinisl 


. - lakCK arc oi a ..... . , 

---- , ,111 .. 7jbtainca hv condensing gallic aeid with rosoroinol 

Replacement of o.vygcn in the ahove ketones ^ ,,yi.ogalliil arc employed. The chemisyv of 
bv the iuiino group gives anraniincs (y.'.). i liydroxvketonc dyestuffs has been stuaieu 

In presence of eoiidensmg agents (■ .j. , (iraehe and A. Eiciiengnpn (Annalen, 

I'OClj, L’OCI.,, &c.) the tetralk\hhamni(,bcii/y , 200, 29,5). j 

nlienones condense witli aromatie amines to g" <ly,.al uffs. greener in sliadc, are obtained 

dyestuffs of the triplicnyl (diphcliyhmiihllivl, j fuiSng alizarin yellow A or L with tto 
&o.) series, h&t rbniier products are generally ^ salts of organic acids (Prud homme, 

obtained by reduemg the ketones to hydiols, ; ]o, 22,5). 

and condensing these with aniines. &e., to Icuco- unsaturated aromatic ketonos, the 

compound*, wfiicli arc subsequently oxidised to ; |ja„zalacetonc 3 , have been described under 
tho corresponding dyestuffs. , „ , . , ' 

Reducti*! to hydrols may be effected by 
sodium amalgam in alcoliolio solution ; tfclim- 
cally zinc dust and caustic soi^ in aniyl^ale^hohc 


DCnZttUWL'LUilca, aata.w -- -- 

geneyil methodi of preparation (No. i»). 
ThioleeUmes. 

Thio^nzopbenone 


caJiy zincuusv a,.,.I, xhlobeniophenone L.nj co-c.xj. wa» fiwt 
solution are employed (B. A. b. 1., L- K- t ■ ^ • j Bergreen (Ber. 1880, 21* 341 )4n an 

27032). Tetramcthylibaminobcnzhydrol <b8- . obtamed ^ ^ ^ 

solves in acetic acid with an intense h ue colour, - ‘ chloride^on 1 part of thiopVwgeni 

which is discharged on rendering 7-,"\ dissolved in 5 ^arla of benzene, tbi 

Amino (and acetammo) obtained isreaction being completed on^ 

solution was washed witl 



I KUft gl. XKTl. IWV, , - - 

pound has also been obtained by th<»a^ 
dimethylaminc *oa 3 : 3 -iruteo * : 4 -dipi 


dimethylaminc ^on 
boniopnenone (Consonn 


'.dJ^loro^l 2»» ZyWVima wmv 

ifal 1004 U.ha thioketone in • pnro cmndition by i» 
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metluM], but wi*ro Huccessful in treating bemso- 
phonnno chloride with very 

nUghtly over the thoorcfical quantity oi alcoholic 
potnHHiuTn Kulphide. The mixture \x!ComcR hot, 
potawHium chhjridc Hcparates, and the aolution 
asHuincH a blue colour. After cooling, water is 
adchul, flu- tiuokctonc extracted with ctlier, the 
latter di.sldled olf, and the ni'oduot fractionated 
iind'T rctiijced [ircMiiri'. The Ihioketone j)as.ses 
oviT at 174 ' (14 mm.) as a deep blue oil, which 
fw)Iidific,s to long bine needles. 

Tliiobcn/.opiienoiK* is verv unstable, and can 
oidv Ik* prc.scrvcd in si'ided tubes filled with 
<art)ou dio.vide. Us colour is disclmrgi'd oti 
wanning with alcoholic jiotasli, bcnzojilicnone 
b'dng regeni'nited ; it reads with liydrox>lainine 
•giving lx'n/.o{)lirnom“-o.\nnc, and on healing with 
cojipor ])Owder gives lc{rii[)henylcl iiylenc. 

(Jtttternninn has also descr!be<l corresjiondtng 
ulkyloxythioki'lones obtained by the'aduin of 
thiophosgenc on aiitsole. ^ila netofe, o- cresyl ethyl 
cUkt, o-eresyl methyl ether, ocliloroanistdc, 
o-chlorophendob', and o-bronioanisole. Tlie 
I'oinpoumlH obtained rcwnnhlc lliioben/.ojtliononu 
in their reaetions (Uet. iStlo, 28, 28b(i) 

On account of the greater reactnity of the 
:(dS group as comiiured with carlumyl, the 
sulphur unidogue of Alichler's iictone 1ms been 
jireparod by several mellKKls. 

TctramethyldLamlnothiobenzophenone 

rrrjHinituni.- (i.) 5 jiarts of dimelhyliinihne 
are eooied to 0 -10'. and 1 jmrt of tliiopliosgene 
in II parts of carbon disulphide added \n the 
eourw' of II or 4 hours with eontinua) stirring, 
wliieh is (‘(mtimu’d for 10-12 liours without 
further cooling. Alkali is ivddeil, carbon distil- 
pliide and dimothylaniline removed in a current 
of steam, and the'thiokotone crystallised (Kcni, 
D. U, 1\ 37730). 

(ii.) An intif.iale nuxtun^ of Michler's ketone 
and oiiedifili of its weight of iihoaphoruK penta- 
sulphulo 18 heated not uIkm'c Ukt '. The mats is 
exhausU'd Buceossively with wiib'r, very dilute 
lodium carlHumle nolution and water, and 
finally eryslnnitted from amyl alcohol (ft. A. S. F, 
]). K. P. 31K)74). 

(iii.) l(K)^arts of Michler's ketone, 38 parts 
of jihosphorvl chloride, and 40tl parts of toluene 
arc lumU'd on a waUT-hatli and hv^lrogcn sulphide 
Jed in until a test spt'cimen no longer dissolves 
in water with a blue colour ; (»r 
• in pails of phiisgent' are imssed into a A)lu- 
tion of 100 jiarts of Michler's ketone in 400 parts 
of ehlorofurm at lu'' -20', alter the evolution of 
curium dioxide has cea.scHl, W jwrts of siMlium 
Rulphide in 800 jiarts of water hit atlded. The 
solvent is roraovest by steam distillal loq. and the 
thiokelonc crvstallistKi from alcohol {\k A. S. F.- 
U. a P. 4P3i4). 

(iv.) An alcoholic solution of auraminc base ' 
is saturaUal with hydrogpjj sulphide, tirst in the 
cold, then on the water-bath (Fchnnann, Ber. 
1837, 2(^ 2857 ; Graebe. tbiVi. 3267). • 

/Jpipcr/iM.—M.p. 202“. Fairly soluble in 
chloroform, ^ringly so in coW alcohol or ^her. 
Yields Micmcr's li^Mono on Vrarming ^witht; 
bydruchlorio^id. %, , • ' , i 

Tbo chcmistiy Of this ketAe has also been 
studied by f^Uudinge^ and Sieewra (Helv. i 
Chilli. AcU, 192% 3, S»), ^ ' 


FyrdiM and Qubwline Ktionta. 

Ketones containing a carbonyl groun united 
on the one hand to a hydrocarbon radicle (alkyl 
or acyl) anU on the other to a pyridine or quino¬ 
line residue arc known. Thus picoUnoyl chloride 
may be condensed with benzene in presence of 
; a small amount of thionyl chloride to give 2- 
pyridyl phenyl ketorle, b.p. 182°/14 mm. 
(Wolfrensteiri and Jfartwich, ihjr. 1915, 48, 
2U43). • 

Ketones uontuiuiug quinoline rwiducs arc 
interesting on account oi thoir relationship to 
alkaloids of the cinchona group, and of their 
)liysiologi(?al properties. • Ino 4-quinolyl 
teiuncH Imw’ been specially studied (A. Kauf- 
maim, Per. 1912, 45, 3090 ; 1913, 40, 57, 2929 ; 
D. K. P. 208931 ; Kabo, Bor. 1913, 46, 1026, 
1032; 1917, 50, 144; Vercinigtc Chininfabriken 
Zunmer k Co., 1). R. PP. 208830, 280970, 
330915 ; Jlowilz and Kopke, Annalen, 1913, 390, 
38). 

Fukanl am> Pvuuole Kktones, etc. 

Ketones derived from furauc are known, thus 
Ehlioltzionc lias tlm structure 

CHg-C — CH 

I! II 

(('Jla).('ll'('lia-C'0-() CH 

N./ 

0 

(Miehizo Asiino, J. Pharm. Soc. Japan, 1919, 
454, 999). Helatod compounds luuy be obtainerl 
by tile iicllon of niiigncthium alkyl halides on 
pyroimiconitrilu (K Monoyiv. thiJ. 447, 357). 

Dipyrryl ketone, and pyrrolic . 

kcionie acids have Wn described by B. Oddo 
((iiizzetta, 1920, 50,11, 258). 

Thionyl ketones arc deseribicl by Stoinkopf 
and Sehubarl (Aiimilcn, J02J, 424, 1). 

OiT.N Chain Diketones. 

The dikelones arc most conveniently clawtiified 
acconUng to the relative positions of the 
carbonyl groujis in the carbon chain. Thus they 
may be divided in the following way :— 

I ; 2-or a-diketones H CO'CO'H'. 
f I : 3-or jS diketoncs K CO CHa'C-'O R'. 

Ac. &e, 

1 : 2- (^r a-l^ikdoiuf. 

PrcjMiralio}!. —(1) The a-diketones may Ik- 
obtained a.s monoxirncs by the actioq of nitrous 
acid on monoketones oi ^kctonic esters : 

K-CO-C'HU'-t’OiCjHs + HNO, 

- CO.+b’iHsOH + K CO C-l :NOH) R' 

The monoximes of the 1 :2-diketoQe8 can 
often 1)0 prepared by the action of diozonium 
salUv on alkmine solutions of isonitrosoaoetone 
(Bory'hc, Bor. 1907, 40, 707); 

C*HtX,a+NaON : CH CO CH, 

llie results with ^nitrosoacetopbenooe are 
not so favourable. 

The ippUcement of the Mouitroeo- group by 
I oxv-^b mavdM^fffeoted : ^ 

\i.) By boiling with dilute fulpburic acid (v. 



• Ber. 1887, 20, 3213,- 
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Pochmann, 

Ull). • 

CH,-CO C(: N0H) CH,+H,0 

= UHj-CO-COCH,+H,NOH 

(ii.) By conversion ‘into sails of iroinosul- 
phonic acids by the action of alkaline bisplpbites, 
and subsequently hydrolysmg by Iwiling with 
IS p.c. sulphuric acid : 

CH,'CO-C(: NOH)-CH,+NaHSO., 

» =-CH,'C0'C(: N-SO,Na,) OH3 I H.O 
CH3-CO-C(:N-SO„H)-CH,+2H,0 

-<,'Hj'C0'<'0'CH,,4 (NH,)HSO, 
(v. Pechmann, BpV. 1887. 20. 3102 ? 1889, 22, 
2115). • 

(iii.) Bv wanning witli idiminvl mtritf* 
(ManasHc, Ber, 1888. 21, 2177); 

CHq-CO-n : 

^C:H3-()0-C0t'Ha4-(’,H,,()ll-} XaO 

Similarly diethyl lU'elosuoeiuate i^ives )««»• 
nitroHf/lwviilie acid, the latter conipound yielding 
<liac<?tyl on boilinp: wjlh dilute suljihune acid 
(Thai, Ber. 1892, 2.7. 1723). 

The mixed aliphatic-aromatic dikcUmcH are 
obtained in a similar way from mixed i'lo- 
nitrosokotoneK (v. Pechmami and Muller, Ber, 
1888,21,2119; 1889,22,2128). 

(2) Kelone» of the structurt^ Cll;,'('0 (’IljU, 
when warmed with nitric acid (wp.^r. 1 38) u*''e 
ketones CHa'CO'CO'lt (Fdcti ana Ponzio, <ia*7,. 
ehini ital. 1895, 25, i. 233). 

(3) Aromatic (and some het/erocylh') dike- 
ionea are obtained from aldehydes K'CHO l>y 
condensation to the koto alcohols 

UCOCH(<)H)-U 

under the influence of potassium cyanide and 
subsequent oxidation with chlorine (l^iurent, 
Annalen, 183(1, 17, 91). or more frequently nitrn- 
acid (Zinin, ibid. 1840, 34, 188). 

(4) By heating? compounds of the tyjjo 
U’CBr: (^BfR with water to 2(K)" {r.g. tolane 
bromide) (Bimprichl and Scliwimert, IVr. 1871, 
4, 380): 

2C,H3 CBr: CBr (J,H^H-2H.() 
.-C.H^'CO'OO-CbH, f-CsHs-CiC Cells ! 4H,0 

(5) By hydrolysis of compounds 

RCXj-CXaU ^ 

(X=shalogen). Thus tolane tetrachloride, when 
heated with ^ulnhurie acid to 1H5®, or with 
glacial acetic acid to tl0O'"-25O"' (Uebormann and 
Homeyer, Ber. 1879, 12, 1075), 

(6) Th^ vinylidenc-oxanilide prepared by v. 
Peohmana by 8 hours.boiling of f part of oxani- 
lidc, 1 part of fu.sed sodium acetate, and 10 
parte of acAic anhydride (Ber. 1897, 30, 2791) 
reacts readily with the Gri^ard roagonts, 
forming compounds which furnish dikotonc.s on 
decomposition with dilute sulphuric acid : 
CX)-N-C,Hj 

I yC : CH,+2C,H,MgBr • 


C.H. 


JiiMgOC — 

! 'll;CH,+2H.«04+2H,0 

BiMgOi' - Nf.tf. 

t 

C.H, 

.ll-rC,Jf,COCOC,H, 


-bcu.-coii 

(L. THvliupueff, IbT. 1907, 40, 188). 

(icnrral projH'rlics and rcoriioMs.—(1) The 
most characteriKtic reaction of the a-diketones is 
llieir condensation with aromatic o-diamine« to 
quinoxahops: 

I 1 2H.l> 1 - ■' 'C-Il 

(IM'-I! ' I 

(' II 


n' 

\/ 


Ml, 


\ 


■N 


Tlie reHuUin^; ( (ihaired ( ouipoundK crystallim' 
well, have di'finite inellinR-points. and arc 
readily idenidied (Binsbcrg, Ih r. 1884, 17, 322 : 
Annalen, 1887. 237.327). 

When monosubstitutod odiaraines are em¬ 
ployed, Halts of ammonium type arc produced ; 


0 ' 


KH, 


NH 

I 

c.n,-, 


nci 


0 ; (Ml 

I 

0:fM! 


/N/" 


2U4')f 


c/‘ 


cu 

/(JTV 

'■C.H 


CONC.H, 




C.H. 

I • , 

BrMgOC—NC.H, 

( )C:CH. 

BrMgq<VNy,Bb 


(2) Plienyliiydrazine gives motio- or di- 
hy^iazoneH ; foV preparation of the former, see 
Pelrcnko Kritschenko and FJtschaninoff (Bor. 
IfWl, 34, Bi99). The dihy<lraz<ine* (usually 
callwl owizones) derived from alijihatic-diketonea 
or diketones i-onlainlng only one aromatio 
radicle, arc readily oxidiwd by tciric chloride 
to red or brown osotetrazoncK (^■. Pcehmann, 
Ber. 11^88.21,2761); 

0H,C:NNHC.H5 

• I -fo 

CHjCiNNHCcR, 

(•H,C:NN-C,H, 

--H,0+ I I 

• CH,C:NN-(\Hj 

Diacjlvlphcnylmethylhydrazone condenses 
»whcn shaRen with warm hyduDohloric auid to 
2-acetyM-methylindole j 4 

^Dielft and KolUsch, Ber. 1911, 44. 263). From 
this hydraione and magnesium alkvr l^des, 
kcUMicohoU afn obtain^I® ^nyi- 

, metnylhydrazine U again^ removd (Diels and 
Jo^in, Ber. 1911.44,403U ,, 

For aetion m hydraSae e. Gurtioa and 
Kastne^J. pr. dhem.d911, 83, 216. 

(3) HydmxyUm^e yield% mono> or 
oximAi, the former can exist in two, the Utter 
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in tlkfoo inodifitatiouM, cvoii wlu-n llu- on^inal ; aoctono, m.p. —9°, r4C0!). ^ Kf H, Meyer 

, .iikotonc i. flyninictrical in slructuiv : , ,^io (Ber. 1921, 54, 570). 

-Tliia ift tran!?formed al 15° into the allelotropic 

mixture of diketonc and.enol-ketono, 1*4650, 
the change being complete in 20 minutes {cf. for 
enohs'alion nf hcnzoylaeetone. Sraedley, Chem. 
St)c. Trans 1910, 97. ]48<i; Scheiber, ficr. 1913, 
40,1100,1105). 

Unsnlurated ^-dihetones have iieen J>re* 
iiai'cd bv Bvan (Proc Kov. Irigh Acad. 1913, 32, 
Ji, 1 , 9 ; 1910. 35, B, 199Y 

(k'Uiral^ piopcrtK-^ and fcndions. —(1) The 


-c-cyi, 

I ION 

. 


lloN 

.l/i0‘. 


NOil 

CJl.C- 




vKiii-o- and di- 
■oTnlonwilKiii ])ro- 
1K94, 2H3, 37; 
Kilt/, ami Arnd. 


NOH 0 

H,C'-CC'.H. 

KOH NOH 

--(MJgHj Ampin. 

NOll HON 
Sy7i. 

(K. Aiiwcrs ami V. Meyer, Tier. 1888, 21, 810; 
18K!>, 22, 705; A. Hanl/.Hcli and A Wcrnci, 
Tier. l 8 !Mf. 23, II) The ^'yiulio'xiines arc clmrac- 
lensed by the case with wliich they lose water 
yielding fiira/.am' dc'rivativcH. 

' 'riic discovery of a fourth bcn/.ildioxinic 
cannot be reeohciied willi the sten ochcmica] 
lormulation (Atoik nml \Vhm\alc<, Tr.uis. 
(‘hem. Soc. 1921. ll!>, IIHI). 

(4) Sernicarbazide givj's 
KetnicarbazoiK's and c\cbi 
duct.s {.sfc 'riiieh', Annah'n 
f’oNTier, Bcr. 1901, 34, 3073 5 
if»d. 1902. 35. 344 ; Dicks, t/nd. 1902. 35. 347). 

(5) With caustic Tiotasli the ar(»niutir n-di- 
k<‘toncfl vield diar\I glycolhc acids (Licdag, 
Annalen. 1838.25,25 ; Ziiiin, M. 1 S3<h 31.329): 
C\,H,*CO*l!()-(’nM. i KOII ■(C(,ll6)C(OlI)(:OOK 

Tho alipliutic ii-diketones, however, when 
wanned in alkaline solution undergo cMuidensa- 
tion with formation («f (iinuoiies; thus diaeetyl 
gives xvij'OUinone (v Peeliiiiiinn, licr, 1SS8, 21, 
1417) 

01l,,*C()'00*('il, Clljff'Od'H 

211,0|- ! 

{ CIla'CO-rOOH., II'OOOC'CH,, 

(0) With ahlehyde.s and ainnionm, glyova- 
linos arc formed amongst other pro(lm’t«: 
VJi,-00 

I d-OH,*(ltO+2Nll, « 

i‘A\,VA) 

, cvi.-c-xn, 

311,0+ ' t’OHa 

N 

(Japp and lUoker, tliem. Soc. Trans. 1884, 45. 
972 ; Japp and Wynne, ibid. 18,S(', 49, 104). 

1 ; 3- or Ih'kHoru'.s. . 

Tho lowest member of tho series, an'tylaee- 
tone, or 2 :4-pentanedione, was obtaiiuaDby 
Combes by the action of nlumininm ddorule on 
acetyl chloride and deeomjK>sition of tlie rehult- 
ing crystalUno substance Ci,lli4D«AloCh w>Hi 
water (Compt, rend. 1889, 103, 814). 

The usual method of iireporation of the 
1 ; 3-diketone8 is given under gcnoAii*’ reaction 
17 monoketonoB {nde supra). As condensing 
agents for bringing about tho reaction 
RCOOC,H,+CH,COR' 

R C(ONa); CH*COR' R CO*CH,*CO*R' 

c 

Claisep '' has found that alooholic sodium 
ethoxidc worlcs mos^ feebly und in ord^ of 
inoreaaing atftivity. see anhydrous sodiunr eth-, 
oxide, melalUo sodium (Annalen, 1894, 277, ^68, 
and B^um az^de (^r. 1905, ‘^8, 095). 

The sodium derivatives are repreaeq»**Ml above 
as derived from(«nolB, Knotr (Be(.' 1911, 44, 
2707) has isolate the enolio form of aoetyl- 


1 : 3-diket-onys form stable metallic derivatives, 
Acctylacctonc. for examjdc, forms compounds 
of the types MJi(Cr,H, 02 ) 2 » Mni(C;, 11702 ) 3 , &c,, 
nianv of which are volatih? without decomposi¬ 
tion, and may be used for vapour density deter- 
nuiiations, tluis eontrollinp the valeneies of 
several nu'tals; i.t). divalent 01 and (Xi, and 
ti’ivalent Al, Fc, Mn, ('<?, and Or (A. Combes, 
(’(irn])t. rend. 1899, 119, 1221 ; Bull. Soc. chim, 
1889, [hi. 1 I. 345 ; Vrl>ain ami Dcbicme, Compt. 
rend. 1899, 129, 302; Chusen. Bcr. 1889. 22, 
ilOlO; Animlen. 1893. 277, 170 ; Morgan, Chem. 
Soe. Trans. liM3. 103. 81; 1914. 105. 1H9; 
1921, 119, 010. 1058; Wcinland and Biissler, 
Zeitseli, anorg. (Tiem. 1910. 90. 109). The 
metallic ladicle may lie replaced by noyl groups, 
branclied tuketones resulting from the reaction : 
(\!T,;C(0\a); CK*C()*(Vi'4 

'Na(.T + (CeH3CO)3CIl 
(v, Kiicyei ami Perkin. Ber. 1883, 10, 2128; 
h. Claisen, Bcr 1894, 27. Ill ; Annalen, 1890, 
291, 25 ; Ber, 1904, 30. 3(>74). 

Moigan regards the [lolyvaicnt metallic 
eoiiijnmnds of acctylaeotone as coordination 
(Icnvatives. In this connection, it may bo 
ludcd that )3-diketonrH occupy two positions 
at the (Kuitral atom and acetylacetonatc- 
diethyh'nediamine cobalt snlt.s have been re¬ 
solved into optically active forma (Werner, 
Sc'hwyZrcr and Karrcr, llelv. ('him. Acta, 1921, 
4, 113). 

(2) On warming witli nrvihydrazinea, pyro- 
y.oles arc produced : 

HNR'" 


H,N 


-2H20 + R-C 


^CR'- 

'CR''» 


-N R" 

i 

■N 


(B. Knorr. Ber, 1885, 18,* 311 : Annalen, 1887, 
238 37). This reaction can be utiliaed as the basis 
<J a colour test for ^-diketones airiec pvrazoles 
are nduced by sodium in boiling alcoholic solu¬ 
tion to pyrazolines. If when solution of the metal 
is comjAetc, water U' added and the alcohol boiled 
oti. the pvrazoHne may be extracted with ether, 
and is left when the solvent ia evajiorated. If 
the w‘sidue be dissolved in fairly concentrated 
sii!i)hurio acid, addition of a drop of solution of 
soaium nitrite or potassium dichromato pro- 
duoc.s a beautiful coloratit^. vary’ing from 
fuchsine i-ed to blue. This reaction, which can 
be carried out in test tubes, is general for all 
pyraxolos derived from jihenylhydrazine, not, 
foil those obtained from hydrazine 
itself (L. Knorr, Ber. 1885, 18, 2259 ; f893, 28, 
101 ; Annakn, 1887. 238, 200). 
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O I'-™""'" < I : l-cUkotonos nronro- 

KaJi nydroxylaniind the 1 : 3-diketonp8 f'lj •r'O’f’H^pnnr’ H \r'P •r’ri-p ct j. u a 

behave as If one of the ketonic primps were ** 

cuohsecl and furnisli ifio:^'nz{)h‘K : ' iHjOH+ CH8 CO (/M, CHj CO CjU^ 


=CR' 


J- 


R'CO'CH :C(On)-R' 

RC—CH 

II , - I. 

. NOH .OH N 

(Combes, ^im. Chiin. 1887, Ivi.] 12 2Ifl- 
Zedcl, Ber. 1888,'21, 2178; Cliiison, ibid. 18'.IL 
24, .1907). 

(.7) Anilijio and benzoylacetone Jose 1 mole¬ 
cule of water at 1.70“, a second inoleEule of waU.r 
is removed by lioating with conoontraU'd hviI- 
phuric acid, a-methyl-^-phenylfjiiinohno Ix'ing 
formed ^C. Beyer, Bor. JSS7, 21). 1770 ; Combes, 
Bull. Soo. cbim. 1888, jii.] 40, 80'; Riigheiinvr a 
Kitter, M. 1912, 45, 1332). 


(3) By liydrolyHiH of compoiindK of the 
^ ^ (bethvl diae<!to8uccinflt-o, preferably with 

—CH C U' ! jHitassHim carbonate solution : 


CH/COCilCOjC.H, 

I •!2H, 
CH ;•(’(» ('ll 00/’,11^ 


,0 


C„II, 


C/1., 


CO 


c 


O/Je. 


(-Uj 

.O'OH;, 




H 


(H 

C-('H , 


CH,( 

- ! •v2CO,f2C,H80n 

ClI.-CO-OlIj 

(Knorr, Her. 1887. 2«). IbO, 2HH); IIKW, 33, 
1219; Atnialen, 1899, 3or,. ,‘p)3). • * 

AectUfuio 7 -dikcl(mcs, e.g. • 

c/rjt'o-r:c(,'o('nHs 

ju.j) 112 . have lieen ^ircpanal (Dupont, Ooinpt. 
rciul 1914. 158. 1349). 

(Ifiurol rmcitaiia .— (1) Ueacting in the diono* 
Ilf- fnnn, I : 4-dik(‘tones an' dehytU’aied by 
fiMUMig hydrocbliiric acid or ac('tic anhydride, 
vicldine furfurauc den\iitiv('K (Paal. Ber. 1884, 
17, 275r.): 

CH -CU(OII) CH CH ,, 


H/)-i ^ /) 

■ Acetanilide (not a dinnil) la produced wlum (!H —CU'(OH) CU=' CH"' 

aretyljieetone is Ima'U'd for a long time with a ' (2) rhosphorus pcntusulphide eonverti« them 

large excess of amlino (Turner, Cliem. 8oc. Trans , in a similar manner intfj tlimphcn eompoundfl. 
1017.111,1). i (3) Animonm similarly yields pyrrole dorivft. 

A eoinpoiitid wiLli a sevcn-membortal ring i tj\es, whilst bvdrax.ino vH'ida jiyridaiinei 
C,H„N, is obtained by eondonsation of acetyl- I (Blais ', ('rjuipt. rch<l. l!12d, 179. 1324/. Semi- 
acetone with ethylene dniminc (Uosanov, ’.I. ! cariiuzido gives disemicarbazoneB which aro 
•Russ. Phys. Chem. Soc. 1015, 47, Gil). Con- ; easily eonverb'd into l-carbnmidopyrrolea 
iIcnBation with henzylomine (Kiigheimer, lk>r. , (Cfimpl. rend. 1921, 172, 221, 313). 

1912, 45, 1332) ; with ethyl evanoui'ctate 
(Simonsen and Nngok, Chem. Soc. I'nins. 1915, 


] ; y>-J)ikrimu'a, Ae, 

Ksters of 1:5- dikotonecarhoxylic acids 
may be obtained liv Hie eonde.isalion of ethyl 


107,794). 

(fi) )9-l)iketone8 and ^'ketonio esters con- 
donsc with esters of aei'lylenie aeids, giving | 
nusaturaled diketones or ketonic esters. From ; 
the.se, pyrono derivativi'S have been obtaineil i 
(Ruhemann, Chem. Boc. Trans. 1809, 75, 245, ' 

411 ; 1008, 93, 431). 

(7) Acotylaeetono \i(‘ld.s /58-dihydroxyp(-n- 
lane when reduced Ijy sodium in absoluta 
alcoholic solution (Bauer, Compt. rend. 1912, 

154, 1092). 

(8) Acetyl.#ctf)n»' Jhr f-<slium .'•alt) reads 
with Ihioearbimides to form thioaniliilcs, such 
as CHyCO-{Tl(CS’NH(Tllsrt’Ol'Hj yellou ' 
needles, ra.|i. J07®-108 . Alkalies remove an 
acotyj group (WorralT. ,1. Am<‘r. ('hern. tSoe. 

1920.42, 105#). . 

^ ; dcrivAli^e.s of dihydropyridine and pyridine 

1 : 4-or y./>i*rc(ojw'..«. being obtained from the 1 : 5-dikrtomo com* 

Prefuratmi.—{\) Tho lowest member of the ; poundswhentrealerlwithammonfliandhydrexyl. 
series, acetonvloeetone or 2 :5-hcxanedione was 


uceloacciale with aldehydes (P. Hube, Annalen, 
19(t. 323, 88; 190C 31^2, II ; 1{K)8. 3W), 2GG; 
Diecknuinn a. v. Fischer, Ber. HMl, 44, 9GG): 

' ('H/)9-2CH|-C()-CH, Ca,C,H, • 

H/> hCH,[CH(('()CH,)-CO/j/i8], 
Snell eompnurifls easily undergo an intra¬ 
molecular aldol-eiindenKRtion. yielding J : 5- 
ei/r/ohexanoli flies : 

(■H, ('0-CH CO.Jl (’H,, C(DH) ClI-CDjU 


CH. 


CH, 


CH, 


(■K;,l'0-CH-COjR CO-CH'COjR 

'J'lw differentiation of tlie isomcrides is easy, 


obtained by ^aal by heating pyrotritaric acid 
with water at 150''-I00'^ (Bor. 1885, 18, 5^: 

CH—C-CO.H 

1 : ; 

CHjC^^'C-CHj 
0 


■fH/) 


=CO,-fCH,COCH,CHi:COCH 

Q * ft O’ i 

(2) a-Halogenised ketones i^eoct normally [ COCl(CH*l 
with tho sooiund derivative of eth^l aoeto- ' 


amine respectively. 

K. Blaise and A. Koehler (Compt. rend. 1909, 
148, 489 ; Bull. Soc. ehim. lOfO, iv, 7, 4J6, 600, 
710; have utilised tho oi'j^ano zinc compounds 
in comunction with tho chlorides of* dibasic 
acids for the B^^thesls of diketones witli far 
removed carbonyl gmufu. succinyl 

And glutaryl chlorides yield y- and S-laotones 
respectiyely, tho Jiigher acU chlorides react in 
the sense: 


,rKi50C!-f2RZnI . « 

ZnCl,^ZnI,+R-CO(CH|),CO'R 


0 
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Tt Zincing (Antmliti, 1!)0S. :il)2, 242; 
i02} litis alst) olttaincd 1 ; (i-dikcttiin’ 
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303, 48, 1(14). Hiltz’s method consists* in passinR 
bv : uasenus livdniBen chloride through a wclf-cooled 


um him ttW) oliluincd 1 : u.(iikcU)iic« oy ^ puw'uus jiyunif't-n - **-.. 

ixidisinc the ditrrtmry alcohols obtained from ; Holutionof/ jO" rumsof methylcthylketonem 100 

.xinising in( uiu ni^ ^ _.. ^ . , ^.rams of otlier, 82 grama of amyl nitnto being 

added drt.j) bv drop. ,After a few hours the 
mono^ime is extracted by caustic soda solution 
(150 ■(! (•■ iced water and 50 c.c. 33 p.c. caustic 
soda), the etliereal layer extracted a few times 
with dilute cau.-tic soda,^the alkaline solutions 
imiteii, extraeted with a'little ether^nd some- 
whc.t c\'ai)orated. After eooling, the solution is 
earefullv neutralised with chliftc sulphuiic acid, 
and .50 grains of liydroxylaipiiio hydrochloride 
(h.ssolverl m 75 ee'. of water are added. The 
(hoMiue crvs’^tallise.s out on standing over-ni^ht, 
and IS ])uritii'(l hv reerystallisation' The yield 

amounts to‘15-.50‘grani.s(r.DlMErHYrQLYoXlME). 

On oxidising the inonohvdrazone of diacetyl. 

' azihutnnone ('lI.vCOCfNjVCH;, is ])ioduced. 

; II, }s u inobili' deep orange liquid giving an 
nlivi'-greiui vapour: liqi.‘15 /12nmi. (Dii-lsand 
IMlaunier, Ber. 1015. 48, 223) 

fTI I'f'( :MC)il)'('( : 

m.p. HO (T'oister niul l)ea>. Chnn, Noe. Trans. 
1012,101.2238 

V/e/n/ironoMionvO//, ni.]). 100 -101' (daekson 
and AdiiniH, .1. Anu’r Clumi. Soc. 1015, 37. 2322). 

Beniil ol>bdo<‘d by the 

oxidation of benroin ('ftll-,'t'0’('H(OH)CflHft, 
which may be ]in'j>aieil by heating for a sliort 
lime 200 grams of pure ben/.aldehyde with 20 
is converted into the iwiiirroso uenvnuM' ,,f pi.tns.siuin cyanide dissolved in 800 

(iliacetyl mono.xime) l>y amyl nitrite (1 litre) | p aleoliol under reflux. The 

and hydrochlorie acid (30 e.e., sji.gr. 1*10). J he ; allowed to eo<il. benzoin separates, 

oxime is extracted with dilute sodium hyrlroxide : (joliided. the filtrate yields a furtlicr 

solution; after iK'uhfying the dittcetyl IS blown j ix-rizoin when lu'uted witli more* 

over in a current of steam and tlie kt'toue i cyanide (Zineke. Aniialen, 1870, 108, 

evenluallv wparated from water. 4 kilos of , |r,jp lienzom is then heated with twice 

methyleAiyl ketonegive 13(K)granis of diaei'tyl; j weight of nitiie acid (f'ji.gr. 1‘4) until red 
Up. 87''-88'’. , , ' fumes are no longi'r evolved, the whole is poured 

Diacetyl has also been obtained by the and the benzd, which then Bolidifies. 

uxidatinn of aeetvlmetlivlcarbmol. a product of , crystallisation from alcohol (Zinin, 

growth of certain bacteria on sugars (Hai^len ; ^y^nalen. i840,* 34, !8H). 
and Norris, J. Physiol. 1011,42. 332). and bv the Benzil ervslalliw'fi in six-a 
....ii-n., ,xf h»*rlrM.5.1rtrn‘ ivi'id on n-trillZOtnetllvl- l l. .. O on* V 


phenanthraquiimne by the (Irigiiurd reagent.'?: 

C,H,~ C(OII)H C.H.CO R 

I I -ly-n/i-f ! 

C.H,—(:(()H)H C.H.COIl 

Heptano/S^-dione. 

(!]!,■(’(►■('HjCn/ClI/PO-PH, 
m.p. 33"-34'', b.]). 221"-222‘', has been obtained 
from eaouieliouc.o/.onidi* (Hume';. I>er. 11)14, 
47.784). ’ , . , 

(kTtain hydro.xy-1 : ri-diketones are i laimed 
to be of })hannacologieal iniporiance; e ff. 
'oi’tane.v^-dione-a-ol and ft^-dinietliy!oe1ane 
yTj'dione-d'ol (Bayer it Co, 1). K. PJ5 2271 0*. 
227177). 

Tin- etiolie ami ketonie fonns of unmliiral* <! , 

1 • 5-d k<*toni‘s arc disimssed liv Dill hey ami 
Hdttlor (Her. 1010, 52, 2040) in refereme to 
their eonverdnuto pyryliuin i ^^npouiuls. 

! : ti-J>iketonos are also known, e.f/. aS-di* 
bcn/.ovlbutane (Bauer. Comiit. rend. 1012. 15.5, 
285} ' 

iNniVIDI'^J. ()rK,.S-(’MAtN Dikktoxks. 

Dlacetyl t.Tfa-(!0 CO'fTIa >uav bo pre])an.'d , 
by the method of 0. Diels and K. Stepluui (Bci 
liH)7, 40, 4330). M<-thyl ethyl ketone (850 c c.) 
is converted into tlie Monitroso derivati\e 


., ..aided prisms ; m.p, 

05': b p. 34<)'-348^ (eorr. with slight decom¬ 
position). Kiisily soluble in ahvihol and ether. 

loi.. 4 iwiin. ... , is HMluced to benzoin bv iron and acetic acid, or 

The dimeric form of diaectyl discovered by , liydroeliloric acid (Zinin, Annalen, i^. 

ron Pechmalin probably possesses the slnictim , hydrobenzoin 

vnm ' t'gllj,'(’H{OH)CH(OH)('jlD 


anti ixorris, o. i uvBmi. »i7i i,-ix.. 
action of hydroe*iilorie acid on a-triazoinethyl- 
keeto-aectic ester (Forster and Ni'wman, (diem 
Soc. Trans. 1910, 07, 1300.) 

The dimeric form of tliaertyl discovered bv 

V 


C(ClI,)(OH)<^Ji'^.Sp.C(C'H,)(0|l) 


, ,, , „ 1 by Hodium aiimlgam (Zkicko and Forst, Ber. 

der tleyiicn. i'cr. ; g^ -q-jy Other reactions have already 

b<‘en mentioned under 1 ; 2 dike.tone^ 

Ammonia, m presener of air, forma several 

CHa-C( :NOH)C( : NOIUCH., ' compounds. If nirisexcluded.triphcnyloxazole 

. _x -.,4 ; and iinimoniiim bm/oate arc proaiircd almost 

has acQuired iniportant*e aa a Tt'agcni for ni( kel. , , .* » /««u>;r,ixx»TiT ■n*.r 1Q91 54 242) 


(Diels, Blanchard ami 
1914, 47, 23!>5). 

Diacf'lyldioximc {dimelliylBlyexime) 


yttle iVmethvlclyoxime is added and the 
aolution boiled. ‘ If' nickel is present a aearlet 

E rooipitate is praduced. Definite results may 
e obtained with solutions eontaininf: 1 part ol 
nickel in 400,000 of water. When cobalt ip 
presQnt, the solution is first shaken with 


been studied bv Cain and Mi‘klcthwalte (Trans. 

( hem. Soo. 1914, lOfi. 14,37) and Feiriss and 
Turner (3'rans. CVm. Roc, 1920, 117, 1140). 

IVnr.il yiehla substitution products with diffi- 
cidty. it niav be nitrated by boiling witli fuming 
nltne acid. Two dinitrobenzils (m.p.'8 131° and 


nresant, ‘I*' 147 ° am produced ; these mar. be meehanically 

D.R.PP/«2«9«d 46789). 
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Four di'<>lizi^ of beaxil have boen deBchbod, 
those known as a, S, y and 5 modiHoations. 
8 -BenzU dioxime may ^ used for the estimation 
of nickel (Atack, Analyst, 1913, 38, 317). 

Open Chsin Tui- and TKiaA-ICETONKs. 

TrDutones. Prrj)arali<m,—'{1) F. Sachs and 
H, Barschall (Bcr. 1001, 34, 3U47) obtained tri- 
ketopentane by condcn|atjon of nitrosodiincthyl* 
aniline wit]j acetyUcclono and hydrolysis* of the 
resulting azonicthinc com])onnd: 
CHa-CO'CHg-CO-Cka+ON-C’H*-N(CU3),. 

=HjO+CHs-COCI :N-C,ll4N((‘lI:,l2]0o-C'Jl, 
CHj-CO-q : ILO 

(Later papers bv Sachs. B(t. UH>2, 3o, 330“ ; 
1003, 3«, 3221 ; *IW7. 40. 2714.) 

Diphcnyltrikotonc CO Ini.s 

been described by Gastaldi and Cliercln (Oazz. 
chim. ital. 1013, 43. i. 209). 

(2) Aromatic tnkclonos with o{H‘n rliain lia\(“ 
been obtained by Wieland and Bloch (Ik-r. 1[X)4, 
37, 1524). By the action of nitrous ;:aHCh 
evolved from a mixtur<‘ of uiheniouH oxide and 
nitric acid (sp.pr. r38) on an etliereal sointion 
of dibcnzoylmetham', the bisniCroao d<;nvativc 
of the latter compound and diplicnyltriketone 
arc obtained. Tlic latter crystalbs^'s wjtli 
water, probably of eonslituUon; in fact the 
I'olourless hydrates give coloured Iriketone.'j 
by loss of water. The same behavumr jh ob¬ 
served iu the ease of cvclic triketones; Kuheinann 
(Chem. Soe. Trans. iMo, 2025 ; 1911. 792, 130(1, 
1480) finds that the coloured tnketohyilnndcnc 
not only forms a colourless monohydratc, hut. 
also gives colourle.ss addition products witli 
guanidine, benzamidinc, and liydrogcn ejaiiide. 

Branched triketone-s haw been doEicnbed. 
For the suppos'd stereoisomerism of dibenzoyb 
aoetylmothano, scr .Michael (Ber. ItKKl, 39, 203; 
Annalen, 1912, 390, 40) and Dieckiimnn (Ber. 
1916, 49, 2203). 

TetraJietones hit hI&o knoun. 

2:4:5; I’Ocfand^ironc 

CHj’GO'CHi-CO-CO-CHa-CO CHa 
is obtained by adding sodium othoxidc (free 
frona alcohol) to an ethereal solution of acetone 
and diethyl o.xalalo (Claisen and Stylos, Ber. 
1888, 21, 1142). Willi acetophenone, &o., cor 
responding aroirfttic cunmouudii can be prepared. 

o-o'-Dibenill ^ 

C,H6-CO-C'0-C,H,'C,HrGO-CO 
has been obtirtneJ by Zipeko and Tropp (Anna- 
Icn, 1908, 303, 302). Plienanthrarpiinonc is 
treated with «nagnesium bcnzjd halide, the 
resulting di-tcrtiaiy*alcohol oxidised to dihen-^yb 
diphenpeno diketone, the lattcT eonverted inU) a 
dii«onitroso compound and hydrolysed : 
CgHg-CO C,H,-0(OH)CH,(;,H, 


PoHsesHing two I : 2-dikoto> groups, tho corn* 
pound condenses with 2 molecules of o-phenylene* 
diamine to form tho corresponding dtquinoxalino. 

0vc'i.jc Kktoxks. 

In Iho cyclic ketones tho e.arlKUtyl groups 
form meml)er>» of a closed ring; the properties 
are very similar lo Iho-^e of tho aliphatic ketones 
as a nife, but iti the ease of tlio ortho- and para- 
(juinoncH, .such sjKX-ial characteristics aro 
e\}ubit<'d that they will bo treated in a separate 
article ('/.e.). 

l^n jMtidhon.- The c\chc ki'toues may Ire- 
quentiy Ik* })ropared by tlie general mothods 
already given ; t ue following flyntheses, or spocii|l 
methods, icHultmg in the hmmation of closed 
chain lu'toncn. may be rnentionrti. 

(1) 'J’lio distillation of tlie calcium wits of 
certain dibasic acids giv(‘H cyclic ketones. Tho 
earliest cxninpli' is the ptej)arnti<)u of nuberono 
fniiu calciiun Buiienilc . 

< H . ('H/CIl/CO-O 

1 ' ' * 
il„ CO o 

CHa-ClIsCil^, 
CaCO, I I ■'CO 

(Boussiugault, Annalen. 1839, 19, 398; Tilloy, 
til'd. 1841, 39, 199 ; Dale and Scliorlcinnior, lit’d. 
1879, 199, 147). ('yfAijMmtunone. cyclohexanone, 
and ryr/oortanone can bo obtained by similar 
methods from tho otilcnini Halts oi adipic, 
pimelic, and azolaic aeids (Wialieenus, Annalen, 
1893, 275, 312, 394 ; v. Baeyer, ibid. 1875, 178, 
112 ; Bor. 1893, 29, 229). 

(2) The esters of certain diourboxylic adds 
undergo intrHruoloeular condensation wlien 
acted on by sodium : 

CiF, 4 ;Hj 




(JH, 


c;h, 


. iCIl, 


C,H,—CO 


C.H.JOCU.C.H, 


.(s 


C,H,-COC(:NOH)C',H, 


k 


VoL. U1.—T. 


C.I^'CeCOG^, 
k,H, CO ra C,H, 


C,H'0-('0 CH,’CO,(.;,Hj 

(iJjeckruann, Bcr. 1894, 27, 102). 

(3) (.’yc/ohexanono and its derivativ'es may 
be obtained by tbc reduction of phenols. When 
jdicnol va}Hiur mixed with an excess'bf hydrogen 

paHHC’d over reiluced nickel at 2l5°-230'’, 
f.i/c/ohcxqnol and ryc/ohexanonc are obtalocfl. 
The mixed product may be entirely converted 
into the latter comjMiund by passing the vajiour 
over •copper heated to 330° (Sabatier and 
Scnderen.s, Compl. rend. 1904, 137, 1025; 138, 
457, 1257). 

(4) 8-MethyI-A*-fydohcxenone is a product 

of the interaction of ethyl Hodioacetooeetate and 
methylene Apparently tho firwt formed 

2 f 6-fieptanetlior j muuTgocs intramolecular obn- 
densation . ♦ ^ 

i -H.fVf I » 

,r;;cocH, ch.coch 

■ (C ,r, L. HMemaim, Ber. 1893, 26, 876).* •• 

, 190 Mitylile ne ataoetooce^o ostbt^undergoes 

a •imilar internal condensation, giving an aster 
from which 3-iAet^l>5-i»opT4pyr>A*|Cyc40'hexe< 
none may be obtained (K^venagel, Annalen, 
1896.289,4m * 

(5) Ope^ohain ketosKS will Sondenaa witli 
unsaturaced aldehydes or unsatnratad 

a 3 a* 
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)f the type of IxMizalaf etono. Thus tho latter j 
jornpouna, condonsed ■willi benzoin, gives I 
[; 4:6-tri})hf‘nvl - 4 • liydroxy - A *• cyciohexenone ! 
({amor, Amcr. (Ticm. J. 1901, 31, 143) : 

^CH(OH)CgH5 CH-Ce«6 ' 

c,H,-c;o c,Hs(iiO)c/\cH, : 

C.H^-CU.^ /'CO 

CM CH 

((i) CyL-lie 1 :2-diketoncs may bo obtained 
)y tiie condensation of diotliyl glutaratc and its 
lerivativ«‘H with diothyl oxuialo in prosenco of 
indium ethoxido : 

:OOC',!l5 CTla CO^CM, 

1 ■ /CHa 

JOOCdl, ('IJa C()a(^,H, 

CO-CUdJOgCJl, (O-CIi,- 
I >011, ■ -> i 

CO—CH'CO.CJl,,, GO-C'll/ ■ 
Diockmium, Bor. 1H97, 30, 1470; 1899, 32. 
:933; (’/. juipora l)y \V. II. iVrkm. jun., and 
;o-\v()rUorH. (Ticm. f^oo Trans, I'HHi. 89, HHO ; 
,IK)8. 93,1943; 1909,95,2010). 

(7) A donvativo ol (V/r/olioxane-l : 3-(lione U 
>biained by dchydralion <4 aootonodiju'opioiiic 
irid (v. Pochmunn and Sidgwiok, Bor. 1904, 37, 
18] 0); 

M.y~va 

ClIj’Cllj-Cllj'CO.Il 

OH 

:ii,-c() 

CH,—CO 

I I 

-ll.U + CIlj OHl'H.UHj-UljH 
(Ih,—GO 

(8) Two molecules of diothyl biiocinnto are 
londenscd bx Claison’ii roact'ion (HiTniiiiiiii, 
\nnalon, 1882 , 211, 311): 

GH,-00-OC,Hi, CHjGOjU,, [ 

JjHjOjGCH. CjHiO.GCH. 

CH,—CO—UH-CU.CjHs 
T» G,H,0,C-C1I—CO—CHa 

The resulting ester yicldn ryc/olioxuuodioiirf’ 
[vide infra). 

Indiyidual Cyc’lu' Kktunes. 

■ 

I. Monoryclic Mono/celoucs, 

' , - CH.-CO 

eyefoPentanone CHj< ■ oc^curs m 

dia'v'ila 

raw wood spirit, and may be obtained by the 
di^illation o^.cftIcium adipate (J Wiklicenus and 
HentzBohel, Annalen, 1893, 275. 312, SI'S; 

BoyA" & Co., D, R. P. 256022). The oil 
of wood spirit is distilled, and the fraction 
boiling at l^O^-HO^^shaken with Byrupy eodium 
bisuljHUto. Tho resulting crystalline bisulphi^ 
compQund is well presserl, decomposed wStn 
wahn satui^ted sodium carbmate BmuUon, and 
the oil freed from pyridine ^kases by Shaking 
with a satpratod ^mtion of o^salio acid. Tnc 
compound* obtaiAea is identical witn tho 
* Dumaain * obtained />v Kano from acetone oil 
(J.nr. Chom.jaaS, 13, ttO). • 

Mobile smelUnig like peppermint; b.p. 
IS0®-180'8“; sp.gr, 0^16 at 2l>5®/4®. Oxiwt 


CjH,^: NOH, m.p. 50'5'^; b.p.JL96*. (^ndensea 
with 2 molecules of aromatio •aldehydes in 
presence.of alkalis (Vorlander and Hobohm, 
Bor. 1899, 29, 1836): 

CH„-CH2 CHa—C:CH‘R 

■ C0+2RCH0=2H,0+j io 
Cll.-CH. CHj—6;CH'R 

iSiinxs the resulting compounds crystallise 
w<‘ll, and ketones and aliphatic aldeyhdes do 
nut react with eyefopentanohe, Mentzcl recom¬ 
mends l|ie reaction for ,tho recognition of 
aroinatie aMehydes (Bcr. 1003, 36, 1499). 
Vorlandcr'hind llobohm have shown that the 
■ pyinxaiitliiii ’ obtained by Scanlan, Apjohii 
and (iregorv (Aimalen, 1837, 21, 143), by the 
aeti'./H of alkalis on raw wood spirit is difural- 
(•//fYopiMitanonc. 

n vdi'ogenation of cycMpentaiioiio in presence 
of reduced nickel at 125® yields cyrfopentano, 
rz/rfopentanol (50 p.o.) and u kctoiic (JjoHjsO, 
W'liicli IS probably a-rj/r/ejieQtylcyc/onenianono 
(Godeliot and Xa! boury, Coinjit. rend. 1911, 152, 
881). 

Nunieious derivatives of cycZopcnlunone have 
been described (Perkin and co-workers, (Jhein. 
Son. Trans. 1906, 80, 1641; 1908, 93, 673; 
1912, 101, 405 J Dieckmann, Ber. 1804, 27, 102, 
965; liuhcmann, Chom. Koc. 'ITans. 1912, 101, 
1729, 2542 ; Slobbe, J. pr. Chom. 1912, ii. 86, 
209 ; 1914, ii. 89, 329 ; Godohot and Taboviry, 
Compt. rend. lOU, 133. 1060 ; 1912, loo, 1522 ; 
1013, 156, 332 ; Haller and Cornubert, Compt. 
rcinl. 1914. 158, 1616, 1730 ; Bauer, Ann. Chiin. 
1914. [ixl 1,393). 

Unsuturated ketone.s eonlaimng ri-enrboti 
rings are known. Alethylry&fopeiitenolone 
106®, b.p. 20()‘\ occurs in wood 
vinegar (Mcyorfcld, Chem. Zeit. 1912, 36, 549). 
CIljCH, 

.Mclhvlrvefopentcnone [ ^"^CO, b.p. 

CH : 

i57'’’, found in wood oils, has been identified with 
''Vnthe.si.scd material (Godeliot, Compt. rend. 
1914. J5H. 506). 

Camphophorone i >CO , first ob- 

tfiined by (lerbaidl and hics-Bodart (Annalen, 
1849, 72, 293) by distillation of calcium cam- 
pliorate, smcllH like peppermint; b.p. 2(>0“-205'-’ 
hp-gr. 0’0305 at 2074®. 

Pulegenone is isomeric with cajnphophorone, 
both compounds give 2^mctl)yl-5-t.seproi>vlr//c/o. , 
j>cntanone (dihydrocanmhorone. cUbydropule- 
genonc) on i^uction. Dihy'droSmphorow, b.p. 
184°-186®; oxjW, m.p. 77^-78® ; semicarbazoiu.-, 
m.p. Ifl3®-195® (Scmmler, Bor. 1002, 35, 1022; 
IVallnch, Annalen, 1903, 327. 126). For con¬ 
version of menthone into pulegenonc v. Wallauh 
and Groto, Chem. Zentr. 1918, ii. 120; Abst. 
Cb»m. Soc. 1918, i. 644. 

G(GH,),-CH-CH3 

Dlhydrocamphoketone I >CO , 

€hch. 


ctV 


suits on fusion cf camphoric acid with potash 
(\V. H. Perkin, jun., and A. W. Crossley, Chem. 
Sot. Trans. 1898, 73, 26). Sme!(s like popper* 
mill, b.p<.18J|®-l8l®; 9etni6urbazon€ 

: N NH'CQ NH, 

in.p. 2(».°-203®. 
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g' , „ • CH, CH,-CO 

I ch;-ch:-C'H/ 

cyclic ketones in wood oil (Xiooft, Ber. 
|m4, 27, 1544); it may be obtained by distilla- 
Hozk of calcium pimclate (v.fl.); by the oxidation 
Jf synthetic cyc/oliexan6l (v. Bavet, Ikr. .1893. 
W, 229; Annalen, 1894, 278, 88); or by the 
Ruction of phenol by altemato current (Drcch* 
gl, J. pr. Ohem. 1888,411.) 38, (>5) ; or by redut* 
KOI! in ppftscnco of nickel {v.s,), the la^it'nicthocl 
being used ttxthnijCaUy. 

Cyclohexanone is obtained in 5)7 p.c yieUl 
when a solution oi iiitrurycZohexancb in eau»tic 
potash is oxidised by perniangana^ (Manietkin 
and Poxdujakova, .1. Russ. Plivs Chnn. Sue. 
1013,46,1420). 

Mobile oil. somewliat soluble in water, smells 
like poppernnnt; h.p. 165-4'; sp. gr. 0-5M71 at 
2274 °. (Jives a bisulphite compoiiiid; enn- 
densos with 2 molecule.'? of bcn7al<lehytl(‘ (Vor- 
lander and Hobohin, Ber. IHOt), 29. 1840); yiehls 
a diwonitroso derivative (W. Borselie. Fe^tselirift 
Otto Wallach. 1009, 31). 

Oximr ; NOH. m ?>, 8K ; iihrinjJhii- 

drazotic (Vli,,- N ^ h- 71-77^ 

(Kbtz and Orethf'. d. iir, Them lOttlt, ii. 80, 
473). 

A very large mnuber of denvatinns t)( cyclo- 
pentanone have been nn-piuej, (Hodroux, 
Cornuberti. Crossley, y)iir/,enM, Favorski, 
(luaresehi, TTaller. KijinT. Kdtz, Leser, Perkin, 
Sayt/.etr, Srjuintani, Stoblx', \Valljieli, ^'c.) 

f'll/tti 

4-Methylfvi/oheKanone ! 1 i' 

obtained liv the o.xidatioji of 4-in('ti)ylri/r/o- 
hoxanol wit)i nitric acid. Oxidation of mrthsl- 
cyclohexanone witli alkaline pemmngiinnte give^ 
/S^mcthyladipic acid, a compound wlmh liiuls 
employment in the mamifactuiv of ?lych and 
pharmaceutical pro<liict,M (Farbiuif \orMi. Kr, 
Bayer & Co., f) It. P. 221849), 

Menthanones fb-dinary meuthonr 

was first obtained in an iuacti\'c form by 
Moriya (C'hcni, fSoc. 'J’ran.s. IKHl, 39. 77) by the 
oxidation oi natural menthol; Atkinson and 
Yoshida obtained a strongly dcxtrrj n^latory 


The roAoliona of Ute methylene group adjaoMit 
to. carbonyl in meuthone ttid tanaootoue havo 
been stucliod byCusmano (Gazzetta, 1919» 49, i. 
2ti), and tho electrolytic reduction of monthouu 
by Mat.sui and Shimizu (Mon. Coll. Sci. Kyoto, 

I 1920.4.245). 

' A* ryrioHexenone CeH„0 has l)een obtainod 
; from n/c/ohexanone (A. Kotz and T. Orothe, <T. 

; pr. Chem. 1909, [ii.) 81), 473). 

Tho chanicUTislic Bmcll of urirw has la*en 
attributed to a substance, urtMorf, b.p. 108"/ 
28 mm. I'his com]Kmn(l occurs in a oonjugat^jd 
state in urine, if is probably rvr7ohexeno.4-ono 
(I)»‘lin and Hartmann, 3. Amor. Cliem. Sue. 
1914, 30. 2130). , • 

Methyl' 7 /c/ohexenon 6 In addi¬ 

tion to the compound syntheaiHed from ethyl 
.sodioacotoacetate by methylene iodide (Hogc- 
mann, Bor. 18t)3. 2t>, 870), and foruiahhshyde 
(Knoe\onagel, ihid. 1090), an isomorido Im.p. 
12 ', b p. 192‘') ba.s been discovered in wood tar. 
Sinci' tins gives acetic and latvulio acids on 
oxidaiion with iiotassium permanganate tho 
fllCHjT’O 

const itut Kjii ! has been deduced 

fll3C-('Il.,-0Ha 

(Behai, Comiit. vend 1H97, 125, 1030 ; 1901, 
132. 342) 

fH. fUa-('0 

ffiCamphor i ’ 1 was ob. 

lamed by Angcli and Itimiin by tiding on 
cumjilioroMme with nitrous acid and doconipOH* 
iiig the resultant nitriniine witli ice-culd buI- 
phuric acid (Ouz/.. chlm. itn). 1890, it 20, 34). 
Pulegone (n‘'’'>-3.m(.nihenorie) 


flL 




fO 


(-U, 

4/ 


fie most impurtanl of the seven possiblo 
structurally djllerent /emontlienonon. (Each of 
tiiesc exhibit.s fifccreoisomerism.) Beckmann and 
Plcissner (Annalen, 1891, 202. 1) <jbtaine<l 
pulegone fiom ml of pennyroyal {Menlhu 
ruU^itnn [Lmn.]) of which it contiitukes abcMit 
variety [ih\d. 1882. 41, .yi). Beckmann hu“^ 80 ti.e. It is als?) found in the ethereal oils of 


examined the storcoclKuiiislrv of tlio na ntlnmt's 
at Icng^th (Anrvilen, 1889, 2:;0, 325 ; iHfMI. 289. 
302; J. pr. CTiom. 18R7, [ii.J 5o, 141. Other 
derivatives (BodtU'-i, fomj>t rend. 1912, 154, 
437). 

(Jarvonie!)ith()m- (tetral^v-drocarv om ) was di,-.- 
oovored nearlv simultaneouslv bv v, Baever 
(Bor. 1893. 2«* 822; 1895, 28,’1588; 1890, 29, 
27) and Wallach (Annalen, 1893. 277, k33; 
1896, 280, 102; 1890. 305, 260; 1900, 312, 
302 ; Ber. 1895, 28, 1961). Ordinary nienthone 
and carvomenthone can each exist, in four 
stereoisoineric forms, their stnicturea are g^ven 
by 


CH, 

OH V 
H,c nf. 

cif , 
CH(C'H^5 
UrdlDorv mentiione. 


H,0 

H,f: 


CH, 

CH .. 

CO 
CH, 


\/ 

.• fH- . 

CHfC'H,), 

i^Mvomegthone. 


l/fd<onm piili'ffioidf.f* (Pern.) ami Pyrvanlhetntim- 
lont ri>lafn)ii. (Pnrsh.). It if? isolated from gil (*f 
}»cnnyroyal by fractional difttilUtion and ?‘on' 
ver.-iiijn into tl\e sodium bisulrdiitc dcrivatise. 
The synthesis from eilronellal has been effected 
bv Tiemann and Schmidt (Ber. 1897, 30, ^2); 
Kp. 224"-222'^; hp.gr. 0-936; [a],,-f 22*897 
The crystalline hydrochloride (’i^Ii^OCl 
(m.p. 24 ■•2^'') and hydrobromido C.„H.,OBr 
(Ei.p, 40 - 5 *) give pulegono on t1«atment Vith 
alcoholic potash. # * 

Semicarbazone CjoH,- ; N‘?l^‘CO-NH|, m.p. 
172"; oxime :N0H, m.p. 118^-1197 

I ^ddition of hydroxyLamine*at the double linkage 
S-hydroxylarntW7Tienthonc - 

• 

(ra.p,*157‘', wiich maj be sncceiw. 

aiveiy oidfia^ to 8-ni^o«omenflbne (chromic 
acid) and S^mrome ufAoiic, nf.p. (nitrio aoid, 

Rp.gr. 1^6) (parries and Boeder, Bw. IBfM), 32, 
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33M)'. 'J’hc so-idlod pulcgtmc diosimf, ni.p. 
11S”, hat the conhtitutiou 

(.Scininler, IJri' HK/o, 38, IIT), 

On rc‘{lu(;Lion, the foltowjn^ are 

nhlamed, viz. : ]iulep)l (Tieniann and Schmidt, 
13cr. 21h 1H4); ineutln>i (Beckmann and 

I’leisHncr, Annalcii, 18!)], 2(52, 30); and a 
Ijiiiioleoiilar rcduf;U<»ii product, m.p 110’, 
prohahly tit- corrosjjonJin;' ]mmconc (Harries 
and Itoeder. Bc’r. 32, 3307; Law, Ohem. 

Soo 'rrans, 1012, lOl, 1020; Baitlini, .\1U It 
A('cad. Lir.cci, iOlii, [v.] 28, ii. 100). 

• • Fur llic idimtilicatmu of jicnnyruya], v. 
Bacvor and llegnch recommend convMsion m(o 
th-’6i«nitroso compound (Ci^HisOsN)^ t'f‘- 
2 c.c. jK troleum Hpint, and 1 e.c. amyl 
nitrit-c' arc nu.vod, and very httlc {'on(‘caitralcJ 
Jiv<{rocliloric aiid added; the inixluro bocouu'S 


, formH. I'he former (b.p. 224“, sp.gr. 0'9598 at 
; 20*/4“ [a]^, (762'07“) occurs in tfto oils o< carra- 
i way (('«)■?/»( C'arini [Linn.]}, fennel {Fceniculum 
! viiigarr. (.Mill.), and dill [Pevc^danuin graveokne 
; [Benlh. et Hook.]). Tho l»vo-rotatory form (b.p. 
223^7224“; sp.gr. 0-9593 at 2074“; [aJj,-62-41“) 
occurs in spear mint {MtntJia viridie [Linn.]) and 
kuromoji (Z.?'74dfra.9en'cea[Blume]). The isolation 
(tf carvono from oils is /iffeetcd by conversion 
into th(! compound with hydrogen puljAiSe 
ttnd subsequent decomposition 
with alcoholic potash. When heated, carvono 
yields carvaerot CfillafOUlfCHalff-CaHy). The 
isomen.sation to carvacrol by heating with 
iiydrocldonc acid (1). I’lO) at i20“-125'’ is said 
to iinolve llie intermediate formation of 8- 
<'hloro-A®-menthene-2-one (Arno Miilier, J. pr. 

I Chem. 19H>, ii. 93, 10). Tho active carvoxiuie!^ 
melt at 72“, tho inactive at 93“. Carvoxime was 
first obtained by Tildcn by the action of alcoholic 


Jwdrochloric acid added; the uiixUiro becomes hmoneno nitrosocbloridc (J. 1877, 

milkym20-3.-.w™n,l8,a.idBo iJih™to,ipa«i«428). d-a- und d-fl-LiniononQ nilropochloridea 

of line long ncedlifs of the mtrosu compound, i .. 1 ... i_ „_,i lo 

'I’lda compound cannot be rocrystalliHcd, it , 
dissolvcM in cold ammonia wiLli a yellow colour 


correspond to /-carvono, the /a* and /j3-nitroBO- 
chlorides to d-earvone, wlulst a- and j0-dipcntone 
nitrosocliIoridcH give tho oxime of r-can'ono 
(Wallach, Annalen, 1888, 240, 250; 246, 220; 
1891,270, 171). 

liarries has desciibed a method fur prepara¬ 
tion of the carvoximes (Meyor-JaeobBOn’s 
Udirbuch, m2, II. 030). 

11 (jdrot'hh)ocnrwxifnt melts 

at 135“ {d- or /•) or 125-5“ (r-). The melting- 
points of the hjdrohTomoca.Tyf>xiincii 

arc 133“-! 34'’ (d- or /-) and 128'-129' (r-). “ 

ni,.o O i-ia i-.is d-Curvunc yields w- and p-nitrophcnyl- 

a, m.p. 224 -22(> ; m.p. 1 <1-1 <2 . hydruzones U^IIm : N-NH-CeH4-N08, which 
Piperwne ('joHijO occurs in Aiicuiifiilui , i05'''-lUfi“ and 174“-175® respectively 

pipmia. '1 he green leaves and twigs of h dtv<3 : ny Borsclie, Annalen, 1008, 350, 40). 
vicld about 4 mr cent, of the oil VInch Contains ^ , /. it • w • 1 „i 

• f «„ /1 prn,. Ti.-.,. Carvelone Cnuil;,„Oa 18 obtained on reduction 

si; r"'" 

.W„h, ,m. .h20, y 40) h.v„ thnt it, rol2!'r«lK.28“"l>i^^;c»rr;c i^predS 

US an un.-iatiirati'd .hevo-rotatorv ketone Miiicli , . *» j- ' i > l i- 

, ion electro ytic reduction in aqueous alcoholic 

raccmise* on distiUaliun under ordinarv liressuro. , ,. •' 

. „ 1 i„„i „ ft 1 'j i.T.o. .solution, using a. copper entbodo (r.*aw, j&id. 

he maximum observed value ut (a,)" iw-42'8 154.9) ’ e ir \ > 


(Ber. 1805, 28. (>54) 

A'-3-M6nthenon6 i 

Ull-t:0-Ull;CH(Ull,)a i 

(CUa)C-CHj--CH3 

prepared by Wallaeb and Jlcislcr (Annalen, 
1908, 302, 201) from 1:3: 4-tnhy(irxoyterpane ' 
has ^en identdied ns a constituent of Japanese : 
iiojipcrmint oil (Schimmors Boricht, October, j 
1910), b.p. 23n“-237*. Oriinc, m.p. 107“-109'’; i 
uxaminooxime, m.j>. 164“-105®; two ncmicnrba’ 


this Bpocimch gave d“^ 0'934S; n"'^ 1-4S37; ilj 
4(1.4il; b.p. 10l)''~107' 10nim.,r29'-230 /7C»(>mni 
Practically tho same values aix* given*by ihc 
upticmlly inactive Hiibstnnoe. 

Several derivatives ol the dhftjnn Imve incii 
described by J. Head and H. (1. Smith (Trans. 
Ohem. Soc. 1921, 119, 779). On oxidation with 




Suberone C.HjjO (Preparation, General 


^Method 1), smells like peppermint; b.p. (742 
lum.) 178-5° 8p.gr. 0-9685 at 0°. 

Oxime CjHijrNOH, m.p. 23-3°, b.p, 230°; 
.■<c/aicurb«2()»eC;Hj,: N‘HN-CO’NH„ m.p. 103“ ; 
dibenzal dericotive C,HsO( : m.p. 

107“-J08°; 8tUphonal .C7H,j(SO,CjH5), (by 
ferric chloiido and acetic acid, thymol is pro- ! the action of raeroapfan in presence of hydxo- 
tluced, whilst Smith and Pcnfold obtained men- gen chloride and oxidation, of •tho resultant 
thonc on reduction with hydrogen in presence meniaptol), m.p. 130°-139“. Suberone gives 
of a nickel calnlyst. < " ^ ^-hydroxycenanthoic acid by oxidation with 

(f. l'il>eritone has boon found by Snn<mseu ifi Caro’s acid (v. Baeycr, Bcr. 1900, 33, 902). 
the essentM oil of Andropogon iuamnaim, the Further derivativoH are described by Tarbouriech 
author aacribos 40 it tho structure of d-Akp. ((Domnt. rend. 1913, 156, 75). 
monthen-3-ono (Triii^ Chem. Soo. 1921, 119.' mllstatter obtained euterone as a degrada- 
1644. Set oUo L. Qivaudan and Co., iVr/« tion product of ei^oninc: 

17........^ a:i irw>i in uiu ' H 


Esseut .OU Rec. 1921. 10, 80). 

CirrOM (p-A^- ^<^kmeiitha^ne-2*0De) 

CH, Gtf 
'CHTCO a, O' 






-CHCOjH 

1,) iritn 

CH,—-is. 


3i(CH,] 


^ (Ber^^. ^,.2498). Troi^ ne and r eegosine 
have been oom^etdy syntiieeiBed by Willstitter 
* oocun uaiutally in dextm- and levo-fotatory ‘ and Bommet (Annalen, 1921.4^, 16). 
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, CH, CH, CH,. 

TropUeni I • >CO. an oil of high 

refractive jkower and odour of bitter almonds, is 
difficultly soluble in water, and boils at 180“- 
188“. It is obtained from tropino by exhaustive 
methylation (lAdenburg, Ber. IBSl, 1^, i}403; 
AnnaJon, 1883, 217, l32, 138; Merling, Bor. 
1891, 24, 3123); its con^itution was correctly 
recognised by Willata^r (Ber. 1898, 31, 1545; 
loot, 34, U3'). 


ing fonnulsB for camphor and ita oxidation 
product, camphoric acid (Ber. 1893, 26, ^47; 
Annalen, 189^, 292, 55) 

CH,-CH-CH, CH,—r~CH-COOH 


OH.-icH, 


CHiicH, 


CH,- 


-co 


CH,- 


CEI, 


6 h, 


-COOH 


Camphor has been obtained by distillation of 
i the lead (Haller) and eak'iuin (Hredt.nnd Rosen- 
cycioOctanone^ C^Hj^O was obtained by I b('rg) salts (tf homo-entnphorio arid ; n'spectinR 
Mager (Annalen, *1893, 275. 303) by distilling | the synthosin of camphoric acid, sec Konimpa 
the calcium salt'of az-elaiu acid, i).p. about | (Ber. 1903, 30, 41W2). Blanc and Thorjw (Chem. 
205“. . I yoo. Trans. 1910. 97. 83(>), and Kommpa (Chom. 

psc»(2oPelletl6rill6 or methylgratAtonifU' is an j Soc. I'rans. 1911. 99, 29). 
alkaloid obtained from the pomegranate tree i in Kpiramphor lalo ~58'2'’’, m.p. 182“, tfn' 
{Punica Oranalim [Linn.]). Its constitution ' position'^ n{ tlie carbonyl and adjacent methylcno 
has been determined as : ' group aie interchanged (lAukshear and i’erkin, 

pH {ur c 'tJ i I’roc. Cbein. Soc. J911, 27, H)7; Bredt and 

|. * I I * I I’erkin, Trans. CJicm. JSoc. 1913, 103, 2182; 

rH \(rH ) ('{) Turnesrt and Verkin, iUd. 1914, 105, 2024; 

[ " I j Perkin and Titiey, ihd. 1921. 119. 1089). 

PH_([ijl_Fenchone ('inlli.O occurs in nature as 

^ ■ ojitjcal antijiodcs. The dextro-rotatory modili- 

by Willstatter and Veragutli (Ber. 1905. 38, cation was found by Wallaeh and llartmaiui 
1975, 1984). (Annalen, 1890, 259, 324) in tbo jiortion of 

fennel oil boiling at 190 -195", whilst f-fcnchone 
II. Bicydic Mon(jJ:eloiifj<. is a eonstituent of the eorn>spoiuling fraction of 

Of tlio numerous monoketones derived from J^uja 
bicyclic hydrocarbons only a few can bo men- ! 19- -193 ; 

j J'Vnehono gives lalJ,-^-7l•9l^ tbo Monebone a 

Tfaujone (Tanaoetone) CjoHmU is knowm in ; siiglitly lower value («fe also Bartrani and Helle, 
fltorooiflomeric forrts, it occurs in Ark/r nice ; .1. pr. Ciiom. 1900, [li.] (H, 293). Fenehone d(H*s 
(Tim§a occidcidalm [Linn.]), tansy {7Vt7wa/um j not combine with sodium bisulphite ; thco,rj7«/.i 
, vulgare [Linn ]), ^rfmisio’ and Sult'ia. a-Tliu- ' molt at 1(U“. Many derivatives have been pre- 
jono predominates in thuja oil, [alj,—10 23“; [ paie<l by Wullacli; much m-cyinene is produced 

Oiw C„H„;NOH, [a]„-2.'-,'2S° in ctlifrcal :™ hcatinj- to 1*""!;’'“™" 

, * **, , /. Ti ; pento.xidfi (Annalen, IH91, 263, 129; 1892,2(19. 

solution, aemicortonc : N Mi CO aXlL 1893. 272.99 : 1893,275, 14.5; 1805,284, 

[a]j>+G9’9 in methyl alcoholic solution, p-! 3j>4 • 1(811 315 291) 

It, ir, tnr,ax, /.il l.,1 ftUftllf ^ ,\t a 1 ... *.. 11 . ’l.-.. /'.1>. _1.. . 


Of the following formula* for fencliouc : 


Thiijone is found in tansy oil [a]j, about H-70' 
oxime, m.p. 54“-56“, [a)i,4-l05'r in methyl CHj-CH 

alcoholic solution; semicarbazone, dimor^jhic, : ; pu • ('H 

hexagonal, m.p. 174“-176“, rhombic, m.o. 170“- i V 
172“ Other derivatives r. Kiincr, J. Russ. ! CH.—v’H—-CO 


Phys. Chem. Soc. 1910. 42. 1198; 1911, 43, 
677, 951, 1132. 

Artemisia oil seoms to contain a third fcebl;;^ 
dextro-rotatory thujone (Wallaeh, Annalen, 
1893, 275, 171H; 1894, 279, 383 ; 1895, 286, 90 ; 
1004, 336, 247). Thtjone probably possesses 
the structure: 

, CH-CHCHa 

CH/ • >CO 


CH.- 


CHa--C(CHj)-r*CO 

H, 

C(CH»), 


-CH 

[■H 


^«CH(CH,),)CU: 

(Tschugaeff, Ber. 1900, 33, 3122 ; Seminler. t6id. 

1900, 33, 276; 1903, 30, 4367; D. Thomson, 

Chem. Soc. Trans. 1910, 97, 1502), .... . , . 

CftTOM CteH|*0, obtained by the action of 542, 083, 736, 807, 963, 968 ; WalhuA, Aandicn, 


-(.;o 


• CH((’H,)~CH- 

III. 

tlio*first was proposed by Wallaeh, the other 
two by Bomiuler (Bor. 1906, 39, 2577). L. 
BouveauH and F. b«valiois prefer formula II. 
abov(f (Scmmler's first formula), and have 
brought forward considerable evidence in its 
favour (Ck^pt. rend. 19U8, 146, 180; 1900, 
448, 1399, 1524; Bull. ^>c. chim. 1910, [tv.l 7, 
... ■* ‘ ‘ 1len 


alcoholic potash on the hydrobromide of dihydro- | 1911, 379,182,215). Other bmycUc ketones ore 
carvone, is also probably bicyclio (v. Broyer, I described by Oodchot and ^ aboury (Compt. 
Ber. 1894, 27, 2715; 1895, 28, 639. 1686 ;4reiid. 1910, 169, 1168). * 

1896.29,3, 2796; 1898, 31. 1401, 2067). . * , ' 

toniAor CioIL|0.{?.y.) occurs in the 4extro- j HI. Mmocyclic Dihton-’s, iat. •• 

rotatory form ({eij5j+44'22* in 20 p.c. alcoholic I ^ I , CH,— 

solution) in Ciivmmennwn Camjhora (Noes and ; \: 3-cyc2oBuUDMUoDe X J . This is 

Eberm.) and other plants, nup. 178'4“, b.p. 209“. j t CO— 

The Usvo* forms #eoar8 in Uie oils Hitr^ria, j^possibly^he dimeric folm of ketone (Cbick sad 
* “ « .I Wilsmore.l^Chem. 


SaUna, and Tamuetvm, Bredt^ves the follow- 


So<v Ti1tns.«1908, 63, 946; 
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1010,. 07, 1078). One ketone group may be 
cnoiised, in wliicli ease the flubnlance is really 
A'-eyr/obuk'n-l ol-O-ono (Staudinger and Bereza. 
Ik'i'. 1009, 42, 49(>K). Deriv'tttivn.s are do.S(TjlK‘d 
Schroetcr, Her. ftJlO, 40, 2<i07), 

CH --CO 

1; 2-ci/(:/oPentanedione cilzv ’ | 

'•CH.—CO 

(/n-cpanition, r..s.) ih ottsily soluble in water, the 
.Holution reddens litmus, and is coloured violet 
l)y f'^rrie clijonde. In some respects it behaves 
ns if (me '(.‘Ha CO' grou}> W(tc enoliaed, giving 
IV jihenyliiretliniui (’ 5 Hr, 0 ’ 0 '(!()NH (’gHr,, in.p. 
J22“, and lienzoyl ester (>f,flf,O‘0'C()f’gHr.» 
Mi.j). 72‘'-73'^. As a 1 : 2'diketone it yiidclH a 
^(lio.rintf C.^ll ( : .\011)j. m.p. 210''; an 
(V^lgl :N MljCgU-).,, ni.p. Hb''; and a 
^CH.-^C'N- 

hiw Cli|x 1 ''>P- IU2'-B'3^ 

'■Cllu-f’ .N^ 

1 : 3-c?/r/oHexanedlone ( Dibydroresmeinol) 
C„Hj)a was (jbtained by Meilmg by tin' redue 
lion of resoTCituil in boiling alcobohe Holutioii 
with sodium amalgam, carbon dioxide Isung led 
Ml dining tlio operation {Aniudcn, ISlM, 278, 28), 
Vorlander Hvnthcsi.sed the diketonc fiy the 
action of sodium on ethyl y-acelobutyrate (Her, 
189."), 28, 3428); barium liydroxide breaks the 
ling, giving y-aeelobiityrie iveid : 

('OOCJL 00 CCOJl 


ii,(. ■ '■"» 
/Vi) ii,c\ CO 

CH, CH, CH, 

m,]), l()4'^-10b“; rfi'firinic, m p, I")! ’ ; 

nioimi)h4'ni/lli!fdriiy>ii(', m p, 17(i -177", Alkyl 
and aryl (lenvatives, nee Borschc, Her. 1(109, 42. 
449(1. 

Dimetbyldlhydroresorclnol (1 : 1 dimethxl- 
ff/cfo-he.\anedioiie-3 : 5) lias been obtained by 
1). V’orliinder {*\nnalcn, 1897, 291. 2r>3, ,300; 
1898, 304, 1.7) and W. ('rossley (Chem. Soc. 
Trans. 1899. 73, 771); the hitler chemist |ns 
examined it oxhau.stively (nci’ later papers). 

• An O-aeotyl diTivative is known (l)icckmann 
and Stein, Ber. 1904, 37, 338); in presence of a 
small antount of sodium acetate the acetyl 
group enters jnto the nng. For the resulting 
(^acetyl (h'nvative, (Yo.ssliyv and Kenouf 
(Chem. S(H'. Trans, 1912, 101. lo24) consider 
tlie structim' 

0(0113), 

h^c/Vh, 

‘ oc\yoo 


may also be coudenaod with ethyl soiJiomalonatG 
yielding e.sters which furnish i^spectir^ly on 
liydrolysis and loss of carbon dioxide. 

C'yc/ohe.vane /ohesane-3”; 5-dionc, 

m.p. 170-5' and cyc/openUne spiroeyclohex&M- 
3: "vdioiie, m.j>. 135'’-130TF. Other spiro- 
ketonio , ccjrtipounds, Jngold and , Thorpe, 
(Trans Chom. Soc. 1919, 115, 320); Farmer 
and Jngold (Trans, (’hem. Hoc. 1920, 117, 
13<>2). 

1*: 4-cycfoHexanedione 0^11^02 is* obtained 
in small quantity by the tlyy distillation of 
calcium succinate (Feist, Ber. 1895, 28, 738). 

V. Baeyer .(Annalen, 1894, 278, 91) obtains a 
good yu'ld of Jhe ketone in live following manner: 
100 gi'unis (•* dictdiyl diacetosuecinate are dis¬ 
solved HI 420 <\c. of concentrated sulphuric acid, 
the solution being lueanwliilo cooled and then 
poured on to jco (1450 grams). After addition 
of 49 (i.e. of aleolud the iiuxturo is boilcil for 
Hi iiours, the alcohoi dist illed off ajid tin; residue 
neatly iieutialised with calcinial sodium carbon¬ 
ate. I’he sodium sid})iuit.e is frozen out, the 
filtrate satiiraLed with ammomum sulphate, and 
lliedikctoiie ('.xtriieled with chloroform, in.p. 78"; 
fOo,<'(we, m.]». 102®; r7o’(i/uTi//vdrr'n, m.p. 180® 

Phlorogluclnol ('ftll 3 {UH) 3 l ; 3 : 0 behavea 
tuutoincrieally as c//c/ohe.\an(*trionc, giving a 
/nonnK : NOH),,, m,j>. 1.75°. vVee.further, 
llellor, Ber. 1912, do, 418; Gbachke and 
Tambor, ihid J237: Smii, Bcr. 1919,52,255; 
hhieliM ami EImicv, Jlcr. MdO. 52, 2281 ; lUCO, 
53, 8S(); 1921.51, 245; Biichcrer, Ber. 1920, 
53, 1157; Herzig and Z(‘i.scUd>'d. 1518. 

A few cyclic polykctoiK's may bo nicntinncd. 
'L’lin potnsHium carbu.xide (EC't’))^ prepared by 
Liebig (Annalen, 1834,11. 182), and which forms * 
a by-iiroduct in Brunner's nicthod of nianufactur- 
hur potassium (Urodic, Aimalen, 18(i0, 113, 358), 
is tno potassium derivative of hexahydroxy- 
benzene (Niet/ki and Benckiscr, Ber. 1885, 18, 
409; 188tl, 19, 293. 772). Treatment with 
dilute alcoiiol gives rhodizonic acid CjUjO^ 
(llellor, Annalen, 1837, 24, I ; 1840, 34, 232; 
18(i2, 124, 32; Will, ibnl. 1801, 118, 189). 
lllindiztmie acid, as well as hexahydroxybenzono. 
when oxidised, give, triquinoyl or 

C'jUj'SJIjO. Alkalis convert rhodizonic acid 
into croeoiuc acid CgllgOj (set Zincke, Ber. 
4^887, 20, 1207, footnote), and the latter com- 
jiound can be oxidi.scd to Icuconic acid. All 
four compounds appear tojjc cych?polyketones: 

CO-CO-CO HO-C-CO 


HO-C-CO-CO 

HO C CO-io 
Khoilizoiiic acid. Triquinoyl 


Ooco-io 


\co 

HO-CCO^ 
('ijpeonic acid. 


HOC-CHg 

Tlw iautomcll-ism of trimethvkbhyclrorcRorcini 
is dftidt wiOi by Crossley and Renmif (Cliom. 
8oo. Trans. 1911, 99, liol ; 1912. 101. 1524). 

Both VorlandePwid (’rossley condensed ethyl 
sodiomalouate with raciiityl oxitle thus obtaining 
ethyl 1; l-dimethylcvflahcxane-3 : .7.dione-2-ear.*1 
boxylat.')'' fnnn which ‘ dimotjiyldihydrortxsor 
cinoi' was pij'pared hydrolysis and eJii|ina 
tion of corlxm dioxide, il.p. 14^5 . t| 

Norris ami*Thor]p? (Trans. Chem. Soc. 14^21, 
119, U99}find thatfyriohexenvllWetone(Wallach, 
Annalen, 1912, 394, 362; and rycloMnC jiiylace- 
*tono (Kon, Trnffe. (Vm.*Soc. 1921,*119, 823) 


CO’CO^ 

I 

CO-CO'^ 
I.euconIe acid. 


>CO 


3-®t/it/fcYclope7»/a»ifi-l: 2:4-trione, m.p. 173‘ 
:-tE. Koenigs and W. Ottmann, Ber. 1921, 64, 


i:i43). 


IV. Aromalic Cyclic ^Kelones* 


Only the briefest reference can be made to 
the rvclin ketones, in which both ends of the 
closetV chaine containing carWnyl groups ore 
united to aromatic nuclei. 



KKIQJIES. * ni 

Coumwan givca riw to **'*' "'onojtime “I o^ dikatohydrindene. 

^ ^ ® ' Many ilcrivativcfi oru known. 

two ketones, coiirnsranone ' .^ Hydrindone C,H.<^*>CO is obtaino<J 

_ ^1 ___ li_t__i?_ 


and coiimarandionc C'The lutior ^^stillation of calciam <>>pl 4 ;nvlooecUacotate 
• i («ched, Ber. I8U3, 26, 222 : fc-mdikt, Annalon. 

compound, defipito its namo, is rtally a mono- 1803, 275, .363). and by heating hydrindone 
Ketone, tke second carbonyl is lortonic. • '• . gdycol with dilute sulphuric acid (Ilouslor and 

Coumaranone ia obtained 

^ ‘ . b.p. 220 -225". Oj-ime, m.p. 15r/. 

Dj'*nc hydrolvsis of tno esters of coumaranone- ' o imi, * u j i j it ^CU... 
carboxylic* acid (PYiocUunder, IVr 1800, 32, ap-Dlketohydrindcne CgII,<[ ^^^^j^^COreault* 

186S); by buikiij' ui bromo-o ncctoxyocoto- wlicii iw nitroso-a-liyilrimlonc is hydrolvsed by 
jihenono witli wjtor and cidcimn inrbonaU' livdroi-lduin' acid iii'|ire»e'i}cc.of formaldehyde 
(r. Ber, 1807, 30, 1081) and by th^ action of Jtoberl.s* and Ktibinaon, Chem. Soc. 


]»liosplioru.s pentoxiTlo on i)henii'«'aeclic acid 

.Cf... ,a , . .. 1 .^ .. 


(StornuT and Bartsch. Ber. JlMHi, 33. 3177), 

White needles, m n. 101-102'. , m.)i, 

159“"; inoviirow (ferivutive, in.p. 172'; ihi- 
can be n'garded as (Ije inono.xinie i.f (lie duuif*. 

(.'oumaranone is ilie o.xygen jUKilogue of 1208) 
indoxyl and forms a series of ‘ tixmilifgeiiidfs ’ 

(Fries, Ber. iOll, 11, 1J4. 121). Niimcroiis 
coumaranone deriValn i-s has c Ix-tm prepared 
(Merriman, (liem. Soc. IVans. 1911, 99, 011 ; 

1013, 103, 1838, 1H45; \dn .\u\mts. .\nnfd«n, 
1012.393,338; Bt r. 101 4.-17. 2331; IJMlh 


(Joldt‘n-)'(*llow pltttos, 
orh/ir, /fffmarroazvi^,. 


Trans. 1912, 10!, 232). 
m.p. 95’-115 ’. 'J’lie 
({iiiiio.mlnir, and omzo/u lune been prt‘pared. 
{Sit, furtluT, Chem., Soe. Trans T914, lU5, 240.5 ; 
and \on Braun, Ber. 1013. 40, 3041 j 1910, 49, 




ay Diketohydrlndene 

JMitljalie ^‘^f(eI and acetie ester un^ conden.V'd 
by sodium elhoxirh'. the resulting diketohydrin- 
deiu' earboxylie ester hydrolysed, itnd carbon 
dioMde eliminated from (lie iX'Bulting acid 
77. 92 ; 1920, 53. 2271; Jligginbotlinm iwid (tiabriel un<l iNeuimiiin, Ber. 1803, 20, 054), 
Stei>lien, Trans, (‘hem. S(»e. I92(b 117. 1531; rn p. 120 -131 5 


Coumarandione ('£H 4 < 


00 ., 

0 


(X) is obtained 


'I’lti' metbyiene group is very reactive, and 
anhydrodikctoli_>(Irinde!io is produeod by olimi* 


by (b'hvdration of rj-hydroxyphenylgluixylie nation of water between two molKiulos’(Wisli- 
aoia. The carbonyl groujt H) position 2 eon- eenus and Kiit/le, Ammleii, 1880, 252, 76j, 


deuses easily ■with amino- eoMijiouMdH (Fries 
and I’fafTendorf, BIt. 1912,45, 154: Stoenner, 
f7>irf. 102. fSVe (iltn StaiKliiigfT, St'hleiiker and 
(loldstcin. ll(‘lv. ('him. Aeta, 1021, 4, 334; 

Stoli<^ and Knel>el. Ber. 1921, 51, 1213). 

(jlosely’ rclateii is 2 : 2'-dikelo-ui: I'-dieou- 

inaran the so- 

called ‘ oxiridigo ’ (Fries, Ilassclbach and Seliro- /J-iilienylliydra/ono 
del', Annalcn, 1914. 405. 340). 

Bentncoutuarii'nonn^ ^to de-cribod by K. Fries 
and R. Fivllstedt (Ber. 1921, 54, 7J5). 

Hydrlndene gives ri.se to 

two hvdi'indones, two diketoliydrindencs, and 
one tnkelohydrintlene. Tlie prcijKOlies of tliese 
compounds are those to be ex[K‘eU'd of mon<^ 
ketones, a- an<l ^-diketones and trikctone* 
respectively. © 

a-Hydrlndone Prepfifed 


According to llunt7.scli (Annalen, 1912, 392, 
322), anhydroilikcloliydrindeno is 

nnd not ; ■C'<^V^j»>C'0 

PhcnyldiaKoniuin sa)ta give trikctohydrindeno* 
lienylhydra/ono 

3’iuitomerisni is observed in the derivatives, 
at|l whilst the ninl (m.p. 208*') is probably 

f tti tho free state, tho salts 

jiroducod witli acids and alkali.s ara probably 

iierived from the forms C 4 ll 4 <^^;^CH 

NHC.H. 

.C'OH 

and ( >H / >€H respectively. 

«3'ho enolisatimi of 2-nionoaoylindano-l: 3- 


(’(J. 


in .several^ways. (jJcntly warm ethyl o-evano- dione.s may give compounds of tho type 
hydrocinnamate withdoopcentrated hydrochloric 
acid 

CNC.H,CiT,'CH,C0,C,H. + 2H,0 

= C,H,0 + NH,+CO. + C,M50H 


.'CR'OH (Scheiber and Ifopper, 

Ber. 1920, 63. 097). 

Numerous homologuos of the type 

(Gabriel and Hausmann, Ber. 1880, 22, 2018). i* C,H4<;p9>CRt 

Distil o-carboxyhyrlrocinnamic acid (Konig, | • 

Annalcn, 1893. 275, 342). By the action of have been s^thesised by Freund and Fleifloher 
aluminium chloride on phonylprojiionyl cMoride I (Annab.. 1913, 399, 182 ; 4^3, 402, 61 ; 1015, 
dissolved in petroleuii) spirit (Kipping, uhem. I 409, 208; 1917, 414, 1*; Das and Gboab, J. 
Soc. Trans. 1894,05,485; also Jngold and Thorpe, ^Amer. Cbem. S^. 1919, 41, 1221; FJdsober, 
Trans. C;^em. S^. 1919, 115. 1419). nap. 40", 1 Annalcn, 1921,#22, 231, 266, 272, 317j.^# 

♦ra«toliy«odene C.H.<g®*.CO rerolt. 
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(Raufmaun, Ber. 1807, 30, 387 : <:/. Kuhemann, 
Chcni. Soc. Trans. 1010, »7, 14.38, 2(V2r,). 

Bb a-Hyilrlnilene-2 : 2)'Splran 

jH obtainod in mnall amount by diHtilling 
dibenzylmaloiiyl cldondr with 2 p.o. of alumi¬ 
nium chioridf* under reduced prcHyme. m.p. 174^, 
b.p. 2r>n'‘-257" (l>-u(d)H and Radulenen, Bcr. 
l‘H2. 4.j. 1«!>) 

1: 2-Nai)hthindandIone, IhO'' (Notu, 

(iivzz. cliini! itnl. I'Jlo, 4r», ii. 12<>). 

Perinaphthin(landione 


\ / 

o 


-CO, 


:cr 


-CO 


CO' 


-C(OH) 


Cll 


JU.j). 2<h‘>'^ (Ki'H'ia. (l.i/v. cliiin, iCd. lUll. 41. i 


J‘H). ii. SOT; iiu;}, 4:c II. u: 
il>id. 40. I 201). 


(’nldf'rurn 


Fluorene ‘ketone 


'■Jl. 


C„H, 


CO ia obtauu'd b\ 


ilu' diHtillation of (’iilcnini dijiluMuilc with lime 
{Kiltig and OHUMinaycr, yVnmilcii. IST.'l, 100, 
.’1711); by o.vidaiidu of plicnanthnuiiiinonc with 
ulkaliiu' permanganate (Anscinit/, and dapp. lier. 
187S, II, 212); and l»y o.\idation of lluorenc 
alcohol. 

Vollow rhombic tablets, m,]). Kl-r)'• 84'’. 

A supfiDHcd psc’udo-forni is non-oxisleni 
{Pummercr, Her. 1014. 40, 2114). 

.Cli, 


Pyrene ketone 


^ CO was ob- 


H:ir 


laincd by IbvmbergcT and rMiiliii by distillalmn 
of pvrpiur acid C,^U^O-, witii slaked lime, m.p. 
«:i®/b.]). 2Hr)'-2:)0" (Annabm, 1887, 240, 178). 

Benzanthrones C 17 H 1 ,,. These contain ben¬ 
zene and naphthalene residues united ilireelly 
and also through 11 carbonyl group. 

1 :0-Benzanthrone 

CO I 


substances are generally obtaiaed ae esters by 
condensation of simpler esters op esters and 
ketones under the influence of lod^um, Sodium 
ethoxidc, &c. 

a-Kdonic MoTiobaaic Acids. 

Pyruvic .acid (Pyroracemic or Propai^ic acid) 
(Ha'CO'Cdjll can be obtained by the distilla* 
lion of tartaric or racemic acids (Berzelius, Pogg. 
j Ann. 183.7, ll(>, I) ; of glyc^'ric acid (Moldcnhauef, 

■ 2 \mm)en, 1804.131.338); andfroma-dicblor6-or 
' a-dibroinojiropionic acids or tbeir esters by the 
! action of moist silver oxide (Beckurts and Otto, 

, Ber. 1877,. 10. 204; 1885, *18, 228). Clai^n 
! and Sluulwdl liydrolyHod acetyl cyanide with 
[ hydrochloric acid (Bcr. 1878, 11, G20, 1503), and 

Beilstem and Wiegand oxidised calcium lactatt; 
i with ])otftssium permanganate {ihid. 1884, 17, 

I 840) (c. 1‘llVl ViC AOID). 

l’\riivie aci<l is j)rcjmrpd by distilling 600 
glams of tartaric acid and 780 grams of com- 
mei'cial ]K»iassium bi.sidphatc from a copper 
retort of 2 litres capacity. The process is 
complete in 30 minutes, and a GO p.c. yield is 
obtained after rectifying Uie product under 
reduced ju'i'.^suie, b.p. 60''’-w)° at 12 mm. (A, 

: Wohl and B. Maag. Ber. 1010, 43, 2188). 
j The decomposition of tartaric acid on dis¬ 
till ition under rduced pressure and at a 
‘ temjier.turc not mueh cxeeeding iSO'' gives nso 

■ to much iie lie and less pyruvic acid (Chattawiiy 
; and Bay, 'rnuis. t'hi'm. fS( c. i020, liO, 34). , 

\ The* sails crystallise when j/repared in the 
cold ; the solutions, if boilec^ only yield gummy 
masH(“s. , • 

The esters byarolyse very readily (Sud- 
borough, Cliem. Soo. Trans. 1912, 101, 1227). * 

Condensation with brnzaldohyde gives ket-o- 
a(’c t}-1 p 1 1 e ny 1 pa ra eo no 


is obtaineil by heating ]ibenyl-a-uapbthyl 
ketone with 5 ]>arts of aluminium eldoritk’ for 5 
hours at IGC^ (Scholl. Annalon. 1012. 304. Ill), 
or by I'limination of water from a-naphtbyl- 
' benzoic acid bv means of sulphurie acid (Scliaar- 
sohmidt. Ber. *1017, 60. 204). 

The ketonic pro|»prti( s ol the carbonyl croup 
ore usually proloundly modiiicd when it terms 
one of tlie members of a bcteroovclic chain. 
This is observ'eji in the following-rn’eH-known 
examples :— 

CO 

/\/\/ 

, . 

0 0,0 
PyrWone. PyjfJhe. 0|i|romoiie. ^ Xaiithoa^ ^ 

Khtosic Awds and Estvrs. « 
Whilst a few ketonic,acids (c.g. pyruvic and 
levulie) are obt^ed^by R^ial rea«ty^, these 


CO 

\:o 

C'O 

/\ 

1; 

■ X 

H 


X/ 

' ;l 

xx 

x/xx 


(Mumni, Ber. 1012. 46, 323G). This compound 
had lH*en previously described liy Ruliemann 
(Clicm. Soe. Trans. 190G, 80, 1230). 

Pyruvie acid shows the reaction of a (methyl) 
ketone as well as an acid, c.fj. 

Cil3C(OH)(SO,Ka)COjH 
«id (:H,vCfOH)(.S 03 Na)COjNa,H 20 arc known. 

^ Tlie possibility of the enolisation of deriva¬ 
tives of pyruvic acid is raist'il by the isolation 
of an 0-acetvl derivativefof jihonylpyruvic acid 
: C{UCOCH 3 )-C()jK (BougauH and 
Hemrnorlc. Cornpt. rend. 1915. KiO, J^OO). 
Pyrur\c arid plicnyU^ydrazonc 

; N-NH-C,HaCO|^I 

forms shining needles, m.p. 192'’^rhe dhyl ester 
m.p. I1G°-1I7% when hea^ 
3 or 4 minutes with its own weight of zinc 
chloride, yields ethyl indole carboxylato (E, 
Fischer, Annalen, 1886, 23G, 142): 
t CH,CCO,0,Hj 

/\ i 

1 ..i N 

=NH.+( I jCCO,C,H. 




* KWONES. " »*8 

TdronU atiig, a- and fl-. Thew are lactones obtained the acid by allowing I'd part* of ethjd 

y*hvdr«xyketobTityric acids, and are probably i aoetoaoet4te, 2‘1 parta of cauatw potaan» afta 

' Wrepreaonted as truo enols : • . 90 "^ter to st^d iot 24 




,CO-^-OH 


and O 


,CO-^H 


I! ana t! 

^CH,—CH ^CH*—COH 

(Wolff and SchwAbe, Annslen, 180(1, •291, 226 

T a«_ _ trt _ J rr_ t ill ft 1 A*? 1 O f 


lApworth, Chem. Soc. T>ans. 191 
1254). 


90 parts of water to stand for 24 mutb, then, 
acioih'infl with aulphuric acid and extracting 
with ether (Ber. 181^, 15. 1321* 1872). 

In addition to the use of acetoaoetic ester 
in tl»o laboratory, it is employed in the propaM* 
tion of pyrazolone derivatives, f.g. antipyrine 

. ■ .1... I _v#v*ni 


s I tion 01 pyrazolone uenv*nvito, r.y. 

107, 135 , j^nd pyrazolone dyeHtufls Farbenfab. vorni. 
. Ft. Bayor & Co., Eng. Pat. 532 of 1910 (w, 
, Benzoylformie Cfcid CgHjCO COjII is oh- i Pvraz >p(*nk). 
tainefl bT the hydrolysis of benzoyl ryanide with : Ethyl aectoacetato reacts taut<)nioncally as 

hydrochloric acid (dlaisen, Bcr. IS"", 10. 84.1) qh .qoH): CH CO,C,H-j and 

m.p. 66°-06°: easily soluble in water; reduced ; = ^ ' f'Hj (.'O CH, C(),C',H 

“ *(>lic fteid. and bv ^ . • . _i_ /i>_mii aa 


by sodium amafgam to mandi-lic Reid, and by 
hydriodio acid and amorphous ^hosplionis to 
a-toluic acid. Phentjlhydrazoihe 


CaH, C( : N NH C,Hs)CO,H 
m.p. 153® (with docomnosition into carbon- 
dioxide and bcnzalphcnyiliydraziine). 

Phrnylptjruv r (uid (;,H,-('H, <'UCO(Hl re ,.^480 j.„r th« 

Three forms of the ethyl ester are known, to , 1 .o’* 


Knorr, Rotho, and Averln'ck (Ber. 1(111, 44, 
1138) have isolated the two fornjs, the kotjnip 
e.ster l>eilig sparingly soluble in oi^auic solvents 
at low temperatures. Both* forms may be 
(Ustdled in a high vacuum with little change, 
Kelonic ester, b.p. 40'’-41^/2 mm., 1*4225. 


which the following structures are assigned:— 
H*C*C,H, (',Hj(*H 


.3(»"-40'‘ 2 mm.. 


cquild:rium mixture, 1).] 

1 ■42*30 to 1*4232. „ , ^ 

K. H. Meyer and V. SchoellcT find that 
wh’‘n ethyl aoctoaectate is distilled from a glass 
v<w-<el at 2 mm. prensuro, the distillato is far 
richer in the enolie form (about 70 p.c.), 
the res duo containH only 5 n.o. of onol. 

r- ‘“ 1 '. cnolisation is due to the catalytic action of the 

Ethyl ^-phcnylpyruvalc reacts with acid gja f^r on distilling from a silica tlask. three 
aiUiydndos and chlorides yielding ethyl fractions and a r«*Ridue, all of equal volume, 

gaye 22, 11, 2 5 and 0 T».o. resiiectiv ly. Hence 
th <3 best way of obtaining the pure kotonic form 
is to distil under “aseptic” conditions (Bor. 
1920, 53. 1410). , , . 

The pure cnol may bn obtained by distilWag 

_h.l_!.._ /..am n Tnnit nlBAiu VA«ian1 


H0*C*C00t',H, !10*(‘*('0(H',H3 

a. m.p. 61“. J.iquid, b.p. 14!r, 16 mm. 

(;.ir5*t;H.*ro cooc.Hs 
y. m.p. "‘.1’. 


<»m4yN»k>X*s.o a*...- 

ficyfnxycinnamat s. f’.g. 

(’.■^(■CH'Qoc'ocir.ico/'.n, 
m.p. ‘33°-34°. Such derivatives do not form 
additive compound.s with bromine, but im- 
metdiaiolv disoolorise alkaline fiermanganate 

_t « *nnrl 10011 I’m 


mediately disoolorise ; the equilibrium ester fnim a Jena glass vessel 

(H. Gault and R. Wcick. t^mpt. rend. 132U, 170, Tiresenco of a trace of phthalio acid. The 


1392; 1920, 171, 395; 1921, 173, 391). 

^■Kfionic MoTiobfiiie Acid*. 

' The ^-kctonic acids are extremely unstable, 
decomposing very readily into carbon dioxide 
and a ketone: 

. RCOCH,COOH-CO,+It GOCH, 

Owing to the reactivity of the methylene 


in presence of a trace of phthalio acid. The 
distillate, eoutaining 88 p.c. onol, ii oolleeted in 
a quartz vessel ana immediately refraclionatod 
from a Rilica apparatus, the pure onol forming 
tic first fraction; n}“ 1*4476. The method hao 


also been ijiplied to the preparation of onolio 
acctylacctonc, which was*obtained mth aboBt 
1 p.c. of the ketone; nJj® 1*4025 (K.- II. Meyer 

■tKe ts^re Ttii^^^c'ds^-L-riJS tiLm^ ha, been 

much diacuased, some of the papers beoring on 

awxvwanraH AinAA 1 R 90 


group, tl »0 VOWSO «a S.S.X..X. -^ 

synthetic agents; they are prepared by tap 
action of sodium (sodium ethoxide, &c.) on 


action of sodium (sodium etho^de, «c.) on ftjVttor which have appeared since 1890 

eaters or mi*turee of caters and decompuaition mavi r ^ yi 

of the resultant sodiTiu derivatives with dilute »» t; ^clV 


acetic acid: 

B*C 00 C,H,+CH,*C 90 C,H 5 + Na0C,H, 

=2C,H.dH+R*C(ONa): CH*COOC,H. 
R-qONa) rfHyOOC,H.+ H*C,H,0, 

^ =.Ul*C,H;0.+R*('0*CH,*C0pc,H, 


• J. U. Nof (Annalon, 1801, 200, 62; 1893,, 
270. 230) ; W. H. Perkin, sen. ((Ihetn. Soc. Trans. 
1802, 01, 800); J. W. Briihl (Ber. 18»4, 27, 
2374; J. pr. Cliom, 1894, [ii-l 50, 110): L. 
Claiaen (Annalcn, 1893, 277, 162 ; 

——. - - , . , 26, noy ; A. Michael (Amor. Chem. J. 1892,14, 
Ethyl lywloaeatate CH,*CO*CH,*€OOC,H. is. 481 ; BcA 1005, 38, 22j c/. ,11. (iol^mdt, 
obtffi by the action bf sodium on ethyl 

oAAZAto fGenther J 1803, 233; Zcitsch. Chem. 1902.81,1491,1499, 1903, bd, ll« , zt* 

186^^ Wislicenns, Annalen, 1877, 180 161 ; 30 40; 1008, M, W; 'iWM ii\^* 

Matthews and Hodgkinson, Bcr. isij, »“>>• “d £• ^ 

2879): b.p. 180*6M81*2°; sp.gr, at 2074 ,190.7, 87, 7W) ; ^* ^* 

1*0256 (Brdhl, Annalen, 1890 . 203 , 27 ); b.p. 71 ” 1898 , Ui 121 : Ch«”* .^“* 

at 12 62 mm. jKahlbaum). PrcMraMon on 1292 ); R. &»enoK Md E. E^beww 
Urge scie (Cdb^l, Chem. Zeit, 19 ^ 4 , 38 , 0 *). , 19o!, 37 . ^); F- O^l^t' 
aeetoacetio acid is described byCcresoIc as 19 M, 34 . ii.*W 8 ); ®* 
a tWekish liquid, miscible with witer, re«:ting ^ J. r 907 , 37 . 11 ) i 

Lvinslv acid wd decomnosin* viplelftlw.below, (Chem.,^Trans. 10 O«, 93 , 1919 ): A. H»l^h 
lOO^nto carbon dioxide and^etone. Ceresole (Ber. 19 lS^ 43 , 3049 ; pKd, # 911 , 44 , 1771 ); 
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Dawftonand co-workori (Chom. Soc. Trans: 1909, 
9r». 181K); 1910, 97, 2048; 1011. 99, 1, 1740; 
1912, 101, 1503); Knorr [ibid. 1911, 44, 1138, 
2707); Kurt Moyer (Annalcn, 1011, 380, 212; 
Bor. 1011.44.272725,2729 ; 1012, 45, 2843 ; 
Annalcn, 1013, 398, 49). 

A cf»laration with ferric chloride is produced 
by nnolic inodilications of ketones anu kctonic 
esters, and not by the kotonic forms. 

In arriving at a decision as to the proportion 
of ketones and eiud in an iMiuilibriuin nii.xturc, 
eitlvT pliysii^l or clicmieal nietlioda may be 
employed, 'j'lic ^-Ivokinio esters and 1 :3- i 


esler (Bor. 1907, 40,3312; 1009,•42<2548; 1912, 
45, 437). A useful account of tautomeriBm, 
including that .of the ketones and ftetonio titters, 
is given in the Presidential Address by W. H. 
Perkin, jun.tt'hem. Soc. Trans. 1914,105, 1176). 

The electronic constitution of aootoaoetio 
acid is discussed by Hauke and Noesslcr (J. 
Amer. Chfem Roc. 1918, 40,’ 1726). • 

Oxidation of sodium nOotoacetate with 
potassium ])ormanganate gives acetic, oxalic and 
glvoxylio acids (Engfcldt, Zfiitsch. physiol. Chem,* 
1921, 112, 17(5). • • 

Klhyl y-c-hloroacetoao!tato' (J. F. Hamel, 


dikolones have been sjK^cially /examined, and, i Bull. Soc. chim. 1921, [iv.] 29, 390) is converted 


of the ]>hysical methods, those* depending on 
mjticiil properlics have received most attention. 
Tliiw, W. H. P(‘i-kiri, sen., made use uf magnetic 
rotation. Bruhl gf refraction and dispersion, 
whilst HanUKch (Bcr. 1915, •48. 1407) photo¬ 
graphed ahsorplinn spectra. Tho results ob¬ 
tained by fliffi'rent methods have not always 
agreed, miuh depending on the iuterprelation 
of the nieasuri'menls. A further complication 
IS eaused by tJie* displacement of ecpiilibrium 
when a H(*lvent is (‘iu])loycd. as in llii' ease of 
jihotograpliing absorption spectra. 

Of purely chemical inethodH of did-ennining 
tho proportion of rno! in a niixtine, that due to 
Kurt Meyi'i’ is irujioitant. The substaneo is 
diH»oIvi‘d in alcohol, alcjoholio Rolution of 
bromine added until tho colour is no longer 
dinchargod and the execRR of bromine removed by 
alcoholic ^-napbthol. Tliebromo-ketone derived 
from the enol is then reduced by oxc(*ijH of })o- 
tasfllum iodide 


by Hodniin ethoxide or phenoxide into ethyl 
siu:einylsiiecin*te, m.p. 126^-127° (Sommelct, 
i/nd. 102, 5.73). 

y-Kitonic Monohdaic Acid‘f. 

Lsevulic acid (Tl;iCOClla'CHa'COaH is 
oliljuned Kynthetu-ally from diethyl acetosuccin- 
atc (b.p. 2r)4"--2r>()sp.gr. 1‘08809 at 15""), pvo- 
iluced from (dhyl cliloroacotate, and the sodium 
ileiivativo of ethyl aeotoaeetate by boilmg with 
t\vi<'e its volume of dilute hydrochloric aci'l 
(Conrad, Ammlen, 1877, ISS, 222) : 

CHa'CO.O.H, 

I 


•r0‘CBr< h2Kl-| ILO C'OCH C i-KOll-f-I 

and ilu* liberated iuiliue 
(hioHulphate 

Ontinary otliyl aoetoaectate consists of 
about 92 6 p.e. of tlie keto and 7 4 p.e. of the 
enol niodincatiou. Water favours the koto- 
form, whilst dilution with liexano enolises tho 
ester. 


('Ifj‘C()'(:i{‘C()2CVl6+2llaO 

-CjIInOll-l COa-|-CH.i*CO‘CHa'CH8*COjH 
ll Is obtained from various carbohydrates by 
boiling with acids r.r?. lirvuloRO, glucoRO, canc 
sugar, milk sugar, inulm (Tollens, Annnlen, 
1875, 175, 181 ; 1881, 206, *231; 1885,^27, 
228}; pine shavingH, Carragboen moss and gum 
* 4 1 u\ \^nn I arabic, Beute, Her. 1875, 8. 41(5, 1157). Conrad 

will, .\/10- : Outl««t (,iW. 1883, 18, 1442) recommend 

warming 20 grains of eaiic sugar with 50 grams 
of water rontaiiiing 9‘43 grama of hydrogen 
I'lilorido for 17 hours on tho water-bath. Tho 
liiluid Ir liUered, evaporated on tho water‘bath, 
ami extracted with other; tho ethereal extract 
IS concentrated and distiUod under reduced 


Th<‘ proportion of enol pri'sent in p(|uilibriufh 

niixtures as determined by rcfracUunctnc and • ^ -it, 1 „ • i t t t>i _i_ 

I , n 1 1 • i ■^1 Tin I W. A. van Lkenstem and J. J. Blanksma 

onomieRl methods do not alwavs agree, nhen | 


, , 4 .. ‘j • • 1 i ; liiid tho conversion of hexofles into laevulic acid 

« "■ “ r" l p^co in two stages, hydraxylurfuraldohydo 

•(.0 t llR'aml 0(011)*. OH is easy to arrive at. 


C(Oll) 

In the eabo of diketones, von Auwe 
(Annalcn, 1918, 415, 160) sh»)WM that useful 
I'osulta may be obtained from refractowetric 
mcaauTeinents, if due allowance be made for the 
exaltation caused by conjugation when Oie 
'grouping ‘C(OH) : Cll'CR ; 0 occurs. 

This can be dono if eoinpouiuls containing 
the groupings 

•CH : OH CR : 0 and CH : CH C(OH)0 
as well as substitution derivatives arc ^asured, 
and life results ^ompared with those obtained 
from* tho s^iistanoe under e.xamination. 

Deductions have also been drawn from a 
study of the produAaobtained on electrolytically 
reducing aceto-acotie rtter and its derivatives. 
Tafel has considered constitutions sucl^ as 
CTt^rO CHj-CtO 

I » • I. * 

CH .and CR'. 

I>0- ^ J>0 

B‘C-OC,Ht • 

for tho substituQon 'derivatives of^dbetoaoetic 


which is first formed, giving Isevulio and formic 
i artds Rubscquently (Chom. Weokblad, 1910, 7, 
I 3^7). 

1 L®vulic acid ha.s m.p. 33‘5°, b.^i. 250® (with 
I slight decomposition); sp.gr. 1‘135 at 16®, 
: Optic,ll coiiNtants (von Auwers and Keinze, 
Her. 1919, 52, 584). Easily soluble in water, 
alcohol, and ether. Reduced by sodium amal¬ 
gam in alcoholic solution to y-hydroxyvaloric 
acid. Yields iodoform with ftdino and 
caustic soda in the cold and forms oxime, and 
phenyUiydrazone, m.p. 108®. The latter com¬ 
pound loses water above 160®, giving phenyl- 

methylpyridazolone H 

The utffAyf and eMyf esUrs are liquid, and boil 
at 191®-191‘5® (743 mm.) and 205-2® (oorr. 
756 mm.) respectively. 

Lassie acid is used in cotton print;4ig. 
y-Kctonic acids condense iiTsdme cases with 
aldehydes; e.g. sodium benzoyl propionate, 
. acetic anhydride and benzaldehy^e give phenyl- 
Lbenzy^eKec^tenolactone (Wn Borsche, B^. 
1914, 47, 1108). ^ 
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f of ^‘•kotonic aoids due j olilftrido, giving a .product identical with the 

iuiL extended by Hahn and i monophenvihy^zone of diethyl diket 6 iiuoei* 

Alilw (Amer. Chem. J. 1013 . 45 »,- 171 ). lude (m.p.' 72 ''- 73 '^): 


CX)C'0*t',Hi 

C,I!iN*U f CHj-C'ObCjHi 


HCl \ C.Hj-N 


A number pf <-kelonic acids hftvo bcin 
priced, starting with adipic acid {E. E. Blaise 
and A. Koehler, Bull.'Soc. chim. IlUO, liv.1 7, 

215 ). , . ■ . 

Carboxylic acids of cyclic ketones aro aUo 
known, c.g. cyciohc.Kan6nc-2-carboxyiic acid, and 

^nicthylcj/ciohoxane-^.onc*3-carboxvlie and (-H. 

DAiasdn^r, W. H. Perkin, jun., and H. Watsun, 

Chem. Soc.-Trans. 1910, 97, 1760). 

Dibasic Ketome Acids. , 

MeSOXalic acith (dilivdro.\',i|tiIoni<' acid) 

C(OU) 2 (CO()ir)a or CO(C'()()Mj,TU() was ob¬ 
tained by Liebig and Wdhior by the Indrol^sis 
of alloxan {Annaleii, 183S. 20, 29S) ; from 
aminomalonie acid by Baever (dud. IHOJ, 131, 

298) and from dilnomoTmvlonif mid by !‘<'tnew 
(J. Knss. Pliys. (.'bom. Soc. 1H7K. lO. 72). .M, 

(>)nrad and C. Briiokner (Her 1H91. 21, 2993) 
obtained tlie dielliyl e«{(‘r (iii p. 67 ) liy the 
action of bromine on <lietfi\l a(‘e(\’ltaitronale 
0 wliilst (l. Kilippo, 

jnn., olituimai a pnielieally ipianlitulise yicl<l of 
tilt' ester by the action of liroimne on diethyl 
tai'tronatc (Ucc. tniv. ehini 19)1), jii.] U. Ii:i) 

]Mew>xalKjacidmeltMatn9'-I2b {K Pisehei). 
is easily soluble in water, fairly so in alcohol 
and ether. The aqueoii.s solulion, wlicn boiled, 
gradually decomposes into carbon dioxido and 

glyoxylic acid. , . . ' trirtrazmi'* type, and it is evident that mixed 

Ihc m^sDxalieP am wM.ni.iImim ostom arc ! i i„,m athyl oxalace- 

ubUJucil by aplmg on llic i'iMT<'hp(inilim'miiliiiiu'lijcirn/.inca anil diuxo comuoundii 
osU-r. in adnnx uro with imHic iinbydruio and i •’ddToro'nt nroraatio aminaH The 

othcrwithlhemti'on««aM'si.i.du..n,y hcmninn „f j,,,. ,i„rivi,d 

of waljtT on ndroxvi anlnhat.- (,S, hnntt ( oinpt. ; ,,lumvlhvdraxino.;,.Hnl,,honio and dihy- 

: di'oxvlarliirif aoids liaM boon lullv invMtifjlltod 
TOO, ,10 4,7; .1 Anior. (-hon, Soc. !«« ,0, | , (Aimalon, 18U7, 2»4, 210), who 

128p Moyor.BnIl xoo ohim. 10ll,ivM).42,i). , ^ detinitoly tb« <wi«U‘no» of the 


COCO.H, 

: N f^H CO.C.H, 

( I- ' ) 

I '■orr.Hj'NH N ;l''CO,C,H, ' 

' The m-tion of phenylhydrazinc on tliis com* 
pound Yields an Oxsazone (in.p. 11U''~120“) 

; C CO.l'.lls , „ 

f,U.'NH'.V:CCO,(',lld ."'f 

profliK t obtained by 2\nseliiit7.,and Lrolderumnn 
i'in>m jilit'iiyUiydramne and dicihyl dikotosucciii- 
ale {Annaleii, LS!»I, 291. 13U). When this 
fjsiizom* IK iMuled with thix'c or four parts of 
glneial wetie acid, etliyl alcohol is eliminated, 
ami <-thyl plienylk<'t<ipyni7.i>liiifc]>benylhydra- 
•/,<mc earboxviide 

VCoH, 

(K' "X 
('aH, NlI-N :V 

IS piodnced (W. Wislieenus and A. Jensen, Bor. 
1H92, 25, 3448). Orange needles, ni.p, 1C2''-- 
153 ; also obtained by Ariscliut-/, nntf Parlato 
(i/m/. 1892. 25, 1975). 

The ]iyrazolone compound deacribod is of 


Another example of the Cfinvi-rsion of a 
malonic into a moaoxalie dcrivalive is atlordcd 
by the formation of dilhiomesoxandido from 
malonanilidc and gulphur monocLIonde (Xaik, 
Trans, ('hem. Sue. H»2i, 119, 382, 1231). 

Diethyl oxaUcetate 

is obtained by' Claisen’s method from dicth)iJ 
oxalate and gthyl acetate, and by the action of 
concentrated flulphuric acid on tfiethyl aeetone- 
(licarboxylate. It is a colourless oil giving an 
intense oark red coloration w th ferric, chloride, ; 


recogniMtMl dotinitely 
pyrazolone ring in the dyeNtulI. In the pre- 
p^ation of tiiis colouring matter from diethyl 
uxalucoiato,' 9*4 kilos, of the ester, 9*5 kilos, of 
phcnyliiydrazino sulphonic acid, and 7*6 kilos, 
of (TvstalliHcd sodium acetate are Htirred witii 
.50 litres of water at 50’-' until complete wdutioii 
IS eflectod. The solution is coolcsl to ordinary 
tcinjicTaturc, 8-10 kilos, of calcined soda are 
lidded (reaction alkaline), and after comptation 
of th^* pyrazolone condensation, the tartrazi* 
nogen esU^r sulphonic acid jirocipitat^d bv dilute 
su^Jiurio acid, pn'sw'd and dried. After the 


coloration w lu lernc, chionde, ' , , bu * , i i- *• i u • 

and is SHfSoiently acid in dmr«..t..r to ix- titrated , with i austic cbaxotisfd stdp^- 

with phenolphtLwrt »H indicator (H. Gault, 

Compt, rcn#. 1910, 1.5(), 1008 ; L. J. Simon, 


ibid. 1760 ). 

Hydrolysis with dilute sulplmric aci<P gives 
alcohol, carbon dio.vide, and pyruvic and 
(ketouJe fission); with alkalis, salts of oxalic and 
acetic acids are produced. 

The senoitirenesfl of esters of oxaloneetic 
ester to alkalis is coasidcrable, traces*ljeing 

_.l-^— _*.*: 


out when coupling is comijlcted (B. A. S. F., 
Eng.'Pats, 6693 of 1893 and 706 of 1897 ; cp. IK. 
(Irehm mkI L. Ikmda, Annaiftn,^1808, 2(19, 100, 
and Fartjenfab. v irm. Fr. Ba^cr & Ck)., Elng. 
’ Pat. 632 of 1910). 

Dibydroxyt&rttftO ACU fDiketodhccimc\cid) 

HO,C C(OH),C{OH),'(X),e^ 

HOjCC0C0*C0,H+2H,0 



On lactonisation, oxalacetic ester gives acid 

oxalocitrolftctone (Gault, (Jompt. rc»d. 1914, urh vt/-. ^ « 

168,711). • 0*® « -a Ifili*^‘CH(0*NO|)*CH(ONO|)‘CO*H 

The ester, reacts with phenyldiazonium (Ann^Jen,^1883, 221,^7)! TIU dinitrolMtuf^ 
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ftcid is obtained })y dissolving tartaric afcid in 
parts of fuming nitric acid, shaking with an 
equal volume of concentrated sulphuric acid, 
and drying the prp('i[jitato nn ]iorous earthen 
ware. This compound i« then mixed with an 
equal amount of ether, some crude ethyl ruliilc 
added, and the mixture allowed to stand for 
some days. On shaking willi water and adding 
sodium carbonate, tho nearly insoluble sodium 
dihydroxytartrate is precipilutod. 

II. J. li. Fenton and K. S. St. 11. Sladon 
(Kiig. Fat. 270112 of ISO") obtain the acid by 
lidding to a mixtiip’- of 1 jiart of dihydroxymaleic 
acid and 4 parts of glacial acetic acid, bromine 
and water droj) by drop in quantities sliglitly 
greater llian that rc(iiured by ilie eijuation 

ftr^o•(;oJH (ii())„cc(),u 

1| -) lir-.’l 211J} 2lIBr-l 1 

lIO'CCOjU ■ ■ 

During ilie addition tlu^ mixture is well cooled. 

Dihydroxytartaric acid geruTally reacts as 
diketosueeinic'acid, and is very unstable; its 
einjiloymcnt in tllo production of lartrazinca has i 
already bi'cn mentioned. 

Acetonedlcarboxyiic acid 

HOaOCHa-CO-f'lIa-COall 
is obtained by heating citric and Hulpliuric acids . 
on the water-balli until carbon dioxide begins 
to bo evolved; 

UO.C’CHa’CtOUXCdaHXJIlgTdijW 

-JlOalMdlg-OO’Clla’CdglJ t ircnoiitco + iigO) 

The mixture is then diluted with water, and ; 
the ftoctonodiearboxylio acid (‘Xlraeteil witii ' 
ether (v. Poohmann, Her. J884. 17. 25411), By i 
tiHing hydrated ei1ri«’ acid ami forming sulphurie j 
aeitl (2u p.e. 8 O 3 ), Willstalter and IMannen.stielil j 
have obtained yii'lds of 5> to tttl p.c. (Anmdeii, j 
422, 1). ‘ I 

Aeotonedicarbovylic aeUl is obtained en'Stal* | 
lino from ethyl acetate ; it dceoniposes (ui fusion j 
into carbon dioxide and aeclonc, llie same , 
reaction occurring on laaling witli water tr , 
warming with acids or alkalis. Kcr)ic chloride ! 
gjves a violet oolorat^on. M.p. I3S^. 1 

Heated with jihenylhvdiuzine and hydro- 1 
chloric aei^ in aqueous-solution, methylpKenyl- ! 
pyrazolone carboxylic' acid is jiroduceu. The ■ 
latter comjiound, when lieated to KK)", and then ; 
distilled under reduced lux^esure, gives Knorr s ' 
phenylmcthylpyrazolone (Ber. 1883, lb,* 8597; 
Annalen, 1887, 238, 147 ; Peehmann and 
^Jenisch, Ber. 1891, 24. 3252). , 

Condensations with aldehydes, ammonia and 
amines (Petrenko-Kritsehenho. J. pr. Clieni. 
1912.ii. 86, 1). 

Electixilysis of ethyl potaasio-acetonc <li- 
carboxylato afWr neutralisation witlj l‘2iV- 
oxalic wid at (r f^ivos ethyl ^^'-diketa bUberate 
(succinyldiaoetate), m.p. 4(i'-4T”. The e<irre. 
spouding fre^ acid melts at 117°. 

Diethyl dlftoetoHl^nate 

CHsCOCHCO.CjHi , 


CH,C0(!:HC0,C,tf, 


is obtained Ey the‘action of. iodine .on ^the 
sodium derivative o^ethyl acetoaeetate 
heimer, Bcr. KV4, 7, 892; Harrow, Annalen, 
1880,201,144); rhombio tables, m.jL 7^^ The 
free acid seems iaca|ia^e«of existoodb; when 


boiled with 20 p.c. sodium carbobate solution 
carbon dioxide cscapos and acetqnyfbcetjgne is 
produced. Like the latter compound, the ester 
readily condenses with ammonia, *givibg pyrrol- 
derivatives. 

Ethyl oxalyl-succlnate, b.p. 170"-175°/12-13 
ram. (Plaiae a. Gault, Bull. Koc. Chim. 1911, 9, 
40r, 458, 588 ; sec also Wislicenus anfi. Wald- 
miiller, Ber. 1911, 44, 1504). 

•Ethyl diketobutyrate is (detained by the action^ 
of nitrous goses on ethyl ifonitrOHoaectpaoetate. 
B.p 70 ,111 mm. Forms a crystalline hydrato 
CgkyO^.iHjG, m.p. 120" (Bou/eault and Wahl, 
Compt. rend. 1904, KIS. 1221 ; .Wahl, ibid. 1907, 
144,212; 1911,1.52,95; 1912,154,1237). The 
dimrthylnminSanil, m.p. 03'6", is obtained by 
the action of nitrosoaimethylanilino on ethyl 
ac-eloacetatc (Sachs, Ber. 1903, 3C, 3221). 
Formation of lactones (Gault, (Jonipt. rend. 1911, 
153. 107). 

Ar.DKilVDlvKKlONEH. * 

(k^mpounds are known containing carbonyl 
in both aldehyde and ketone groups; the two 
Himplest rompounds of this class are methyl- 
gKo.xal and mesoxal diaUlehyde, 

" Methylglyoxal C11:,-CO'CHO was first ob¬ 
tained as a dijiulymorjdo togotlior with acetone 
peroxide by gently warming mesityl oxide 
o/oiiide (Hari'ie.s ami Turk, Bcr. 1906, 38, 1030). 
Tim ueetal (.Tla'CO’CHfOGgHjlj is obtainerl 
from ethyl dii’thoxvaeetatc and methyl mag¬ 
nesium ]<idi (]0 (Wolil and Lange, Ber. 1908. 41, 
3012), and wlien hydndysed Ijy dilute sulphuric 
neid gives llic tnpiilymcride of mothylclyixaL 
Tlie inonoinolcculur form is obtained by dis¬ 
tilling tl»* tripolymeride under roduecd pressure; 
it is an intensefy yellow liquid with a pungent 
o<lour. It begins to boil at 72”, but polymerises 
(Meisonlicinicr. Ber. 1912, 46, 2036). 

Methylglyoxal is an intermediary product of 
sugar degradation by weak alkalis (sodium 
carbonate or plinsphate), in .prosenoe of phenyl- 
hydrazino the osazone is obtained, a particularly 
good yield being obtained when fructose is tho 
sugar employed (Neuberg and Oektel, Biochem. 
Ze\tf>eh. 1913, 55, 405). 

For preparation of glyoxals of the type 
IprO'CHO and their acetals, see Dakin and 
l^idley (Chem. Soc. Trans. 1914, 105, 2453). 

Mesoxaldialdehyde CHO CO'CHO is obtained 
as a hydrate by the decompositioA of pborono 
diozonide with ice water. *rhe anhydrous com¬ 
pound forms a pale yellow, brittle, hygroscopic 
mass (Hurries and Tiirk, Ber. 1905,38 ,} 630). A 
I solution may also be obtained by passing nitrous 
j fumes into an ice-cold aqueous ai^pcnsion of 
j diwouitroRoacehme (Henle and Senupp, Ber. 

1 1905, VS, 1372). 

i The tripiienulhydrazone prepared from 

j moeoxaldiaklehydo melted at 15ft® (Harries and 
! Turk), though when obtained from ocetonedi- 
{ carboxylic acid and phenyldiazonium chloride 
j the mr>. was found to be 176®-176® (von Pech- 
1 nianif and Jenisch, Bcr. 1891, 24, 3255). 

I • J. T. H. 

I KETOXIMES. Substances/fqnficdrby the 

1 action of hydroxylamine on kefon^ 
i KHARSIVAN. Syn. for Salvarsan. 

KHAYA or KAYA V. CaIl-cedea. 

, KIDNEY-VIO-NORE v. Hsmatitx and 

Iron. 



KOHLRABI. 758 

K^^EXQUHB V. Dutomitk. ^ aolublo iu 90 p.c. aloohul, but in other rtepeote 

QKER(TE. Hv<^t<ed aul- j it oloaely ruaeiubtcs kino from J^eroowiMi* 

phate Mg_S 04 ,H» 0 , of rare ocoutrenco os colour- ; Maraupium, for wliich tho B. P. allows it to ba 
less monocUnic ^rysiaU; Imt aa tlnely granular 1 substituUid in India and the*,East, under the 
to compact mausea of a greyisU-whito colour ! name Buka (Jummi, 

It is abundant in the potash-salt deposits of , Botany Bay or Eucalyplw kinOf 

Stasafujt in Prussia. It is also found at Jiall- i Kacfily])tiis gam or rrrf gum is derived from 

stadt in Austria, and Kalusz in Pi»Iaud. Sp-gr. ; various sjuM^ies of Eucoiifplua (Mueller, Pbarm. J. 
2*57 ; H. 3-3i. On cxj>osure to air it gradually : [lii.] 10, 898 ; Maiden, J. JSoc. Chom. Ind. 1885, 

J>^oiucs opaque and falls to a Mhito powder, | 38; Phann. J. {in.f 29, 221, 321), and ia also 

due t5 the absorjdion of waU'r and conver.sion ; inrliuh’d in the Jl, P. (A’oio curntypti). G. B. 
into epsomito. ^The ‘ kicscrito zone,’ about 
00 metres in thickness and consisting of kie.seritc, 
together with c&rnalliU‘, bisclK)fit^. roek H.a]t 


KINO RED, KINOIN, KINOTANNIC ACID, 

Kivo. 

, , , KIRSCHWASSER or KIRSCH is a strong 

and anhydrite, l»s inimcdi»to|*- lohm the spirituous liquor made by distillation of tho 
caniallito zone ’ {v. Potassitm). (()n the ; fermented jun c of ri]ie Morelia or wild ohonied. 


artiheial production of kieseritc, .ycr van't llolF, 

)8itz.-Ber. Akad. .Wiss. Herlin, lOOl, 1031 ) 

L. 

KILLAS. A local name used by Corni-h 
Turners for tho clay-slaU*s of their country (rv ; collected in vats, tlie kcrmdw added and tho 


[ rijie 

U js prepared cluetiy in Germany (jiartioularly 
in the Black I'orest), m Switzerland, and in tho 
Vosges district in France. 

Tlio eUerne.s art' crushed and tho juice 


Slate). 

KINETATE v. Exi-wisivl 


whole alloweil to ferment for about 6 days, 
wlien the liquor is drawn oIT and distilled by 


KINETINE. A combination of quiainc and | stcani. 
hedine. * ! Tho stn'iigtli of tho spirit is usually about 

KINEURINE. Trade naiut; for quinine ' oO n.c. alcohol by volume or approximately 10 
glycoropbospliato. imaor proof ; and its peculiar taste and flavour 

KING’S BLUE, KING’S YELLOW v. Vi<i- aro duo largely to tho jirescnoo of hydrocyanic 

(prussic) a(’id derived Iroui the kernels of the 
cherry stones. 

In properly made kirsciiwasscr, tho hydro¬ 
cyanic aeid duos not exceed O'OiS gram por 
liti*e, but in crude varieties, made by prolonged 
f(>rniontation of unrijKi or unsound fruit, and 


KINO of the B. P. and G.18. P. is tiie juice, 
dried by heat, which, is obtained from incisions 
in*the trunk of Pkrocarjyus Maniupimii (Roxb ) 

((ilorom. PI. plate lib ; Jlentl. a. Trim plato 81), 
a tall tree* of Soifthem India and C’vylon, the 
folliflf of which restricted bv the Government distilled over an open fire, it occasionally rcachcB 
in the Madras Pi'csidoney. 'I'his AV/ Indian, almost poisonous proportions. 

Malabar, Madras, or Cochin kino forms small. Kirschwussor is sometimes made from grain, 
angular, glisbcuiug, opaque, rcddi-sh black, grape, molasses, or other spirit flavoured with 

/-...wi ' ‘ essence of kirseliwasser ’ or with poach bioseom, 

oil of bitbT almonds or iU substitute, nitro- 
bimzeno. Traces of copper, are frequently 


brfttlo fragments, transparent and ruby-rod in 
thin laminin, it lias a very astringent tasu-, 

colours the saliva blood-red, and dinnolvcK *. * „ 

almost entirely in IK) p.c. alcohol, slowly and found as an impurity, quo no doubt to the 
incompletely m cold water ; m hot water at . cr^per ve.ssols used for distillation, 
least 76 p.c. diSiiolvcR. The ash docs not oxcood ' Genuine; kirschwasscr improvos grently by 
2*5 p.c. (B. P.). Fused w'itfi potash it gives | keeping, either in flitsks or bottles with poroi^ 
about 9 p.c. of phloroglucinol (Hlasiwctz, ; Btoppers orin casks. The latter arc made of aah 
Annalen, 134, 122) and protocatechuic add. ; in preference to oak. as.tho liquor should remain 
Dry distillation yields catechol, and ctJicr also pi'rfcctly bright and colourless. . 
extracts a little of this subutance. Dilute ; Various imitations of kirschwassor are made, 
mineral acids precipitate from the aqueous.'the characteristic flavour being derived from tho 
solution Wnc^nnic acid, the principal constituent j kemoi^ of stone fniit, apricots, peach kernels or 
(75-80 p.c.), which igi coloured green by ferric ■ oil of bitter almonds. Tho following' recipe 
chloride and has i-ut l>ecn obtained pure. By ^ (Soon’s Encyclopaidia) is ono of the best :• 
boiling kino with dilute hydrochloric acid j cherry Wfcds, 9 filos. ; apricot seeds, 3 kilos. ; 
(1 in 5 ) atolourlese cyystalbno compound fct«oin dried poach loaves, 926 grams; myrrh, 160 
CjiHjiO, is extract^,'which can be removed i grams ; alcohol at 85^ 02 litres. The seeds are 
from the a4ld scjlution by ether and cTyritallisod ; bruited and digested with about. 30 litres of 
from Water; about IT) p.c. is preaerntjEtti, i water ftjr 24 hours, and the whole distilled until 
Ber.- 1878, 11, 1879; 1884, 17, 2241). Kinoin i about CH'litres liavo coinc ovir, when the ^s- 
gives with ferric chloride a red colour and is ^ tillatc is roduco 1 to about 60'’ alcohol. J^little 
decomposed by concentrated hydrochloric acid I glycerin or sugar (not more than d5 grams per 
at 12O°-130‘’ into methylchloride, gudlic a<-id, ; 100 litres) is usually addcc^to soften t&B flavour, 
and catechol, which indicates that it per- j Kirschwasscr is occasionally heavily sweet- 
haps giucal gallate C^HjfOHljCO'OC^Ii^OMo. enfd, when it greatly ro^mbles ^noyeau* (». 
Heated by iteelf at 11K)'’-130'' it forms J-ho ; L;qle{u«‘a2«d (X>bi>iai. 8). * 
anhydride kino red whicluis also! Aiftronworker’snan^foitMmaMes 

obtained from %>he residues after extracting ,i^ of uipufc graphite which tun ocoi&kHDalty ioiijtd 


kinoin from kino by means' of acid. 

Another varibty of Indi^ kine is obtained 
from ButA frowiota (Boxb.), and isIcMwn as, 
BuUa gwn, Bmea guru, .Ben^ca n‘no. Pitas or" 


In blMt fomacM, and wl^h senarato fnim 
molten cast iroih 

KLUCffiTEt*. B«rxtrB. 

-- ... KOSfc&ABL £r«s^otoc«aica«jo-rcMML 

Pekw Xiao, or Dkak gum. Only about 40 p.c. is ; A pldPt of the eabbane tribe nmdtfbino u. owmSt 
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onUrgcment on the htem. This ‘ bulb,’ which | 
BomotimoB woighfl ay much Ufi 12 or 15 Iba., is i 
the valued portion of the en)p, and furnishes 
an excellent substitute for swedes or turnips as 
food for cattle and sheep. 

It is very hardy and more resistant to 
drouclit and frost than the turnip. 

Kdnig gives us the averugo composition of 
the ‘ bulb’— 

oihrr 

, iV-freu Criido (irganir 

Wutcr Protein Fat Sii«iir siibst, !ll)re .\s)i su!{>]uir 
8()-9 2-0 0'2 0-4. 7-8 1*7 12 O-Ob 

Of the total iiitr(;gen, from which the ‘ jiro- 
teiu ’ in the above unuly.sis is calculal-c'd, only 
44 p.c. is present as true proteid, ulunit 
8 yi.c. as iimidcs. uiid the remainder in otiier 
forms of coinbinution. 

The h'uves uivl stalks contain— 
other 

A’-irec Crude Oruuiilc 
Water rroU'In F<rt Sugar siibst til)ro Asli sulpliur 
80-0 3-9 0-4. 0-5 (P8 liJ TT 0U8 

The ash contains— 


^ ^ ^ t®' ^ o 2 ~ 

‘ liulh’ 35*3 (i-5 iro 0-8 S'O 2r0 H'S 2-5 d^u.c. 
Leaves 18 0 4-0 30T 4'« (I’O 8'3 lO’D O’O H’O „ 

11 . 1 . 

KOLA. Kola iiutH,'tho imit of Cola aru. 
mniita (Schott and Knd!.), are ini]jort<‘d from 
thu West (Joust of Africa, and arc made into 
H paato winch contains about 2 p.c. of catTcuio, 
in addition to bctuino (VoUtortl, Chom. Z(‘ntr. 
1900, ii. 1014; (■/. Dcsvignes, J. Vharm. Chim. 
1010, 2. 20; Allard, ibm. 2, 122). According 
to Hcckel and Schlagdcnhaudcn. tho fruit of 
Heriticm htUmiliH (l^and), a tree growing 
in India, in the Philippines, and Molucca, is 
often found mixed witK kola nuta. This fruit 
belongs to the same family {Skruliaccce) as 
tlioso which give tho kola nuts, and is said 
possess tho same waste-repairing pfoperties as 
t l^o kola nut, although it dontains no cafloinc. 
It is used a foodstuff i];i India. 

KONDANQ WAX ‘V. Figlrcc IFur, art. 
Waxes. 

KORALLEnERZ V. CnN^SAUAH. 

KORONIUH BROMIDE. A trade name for 
strontium bromide. ' ^ 

KOSIN or KOUSSEIN RESIN i. Kkslss. 

, KOUMISS t. Milk. . 


Used as an antipyretic and anlt-ueurttlgic. 
White crystalline needles, m.p. 0(11^11688 
and tasteless, sparingly soluble in -water (v. 
SVNTHKnO’ORUQH). ’ 

KRYPTON. Sym. Kr. At.wt. 82*0 (Moore, 
Watson, V. infra). 

•An*'inert gas, discovered’ by llanftav and 
Travers (Proc. Roy. Soc. 1898, 83, 405 ; British 
Af^oc. Uep. 1898, 828} in tlic la.st portions of gas 
collected after cvaporatin;f considerable cpiaatR 
tics of licjuid air. When the latter is ffllowed to 
('vapoiiilc fjuietly in a vacuum vessel, the last 
traces of lujuid consi.sl almo.3teniircly of oxygen, 
with small ruiantitics of nitrogen, argon, krypton, 
and xenon. S.'h(‘ liquid is allowed to evaporate, 
the gn.s IS inix(!d witli Jiydrogen and passed 
through a heated iron tiib(‘ to remove oxygen. 
Nitrogen is absorbed by means of lime and 
magnesium (c/, Auoon), and after removing 
, truces of liydrogen and earbon monoxide by 
means of heated copper oxide, ilm mixture of 
. argon, krypton, and xenon is separaU'd into its 
I Components by lupiefmTion and fractional 
evaporation. At tho temperature of liquid air, 
Krypton has a vapour jiressura of 17 uini., whilst 
that of xenon is only 0T7 mm. {v. Travers, 
Study of Claises, 218; Ladenlmrg and Kriigcl, 
Sitzuugber, K. Preuss. Akad. Wish. IIXK), 212, 
727 ; Ramsay and Travers, Proc. Roy, Soc. 
1001, H7, 320 ; iMooie, C'hein. Soc. Trans. 1908, 
93, 2181). Tho separation of a mixture of argon, 
krypton, and xenon has been effected by uT)- 
Borbing the gase.n in charcoal cooled m liquid air, 
allowing tho tempenituro t<f nsu slowly arnl 
collecting the evolved gas m fractions (ValMiliner 
and Schmidt, Sitzungbcr. K. Akad. Wiss. Borlin, 
1905, 38. 81(5). 

The }>i'oportion of kry))ton in tho atmosphere 
is about J part in twenty miliiona by volume 
(Ramsay. Proc. Hoy. Sue. 1903 71, 421 ; 1908, 
80, A. 59(1); by volume, 140+l0-» 

by weight (Lcduc Biin'au. Jnt. Poids et Mes. 
Mem. 1(5, 1017). Krypton alflo occurs in tho 
gases evolved from many theniud spring.s 
(MouiX'U and I..epape, (Jompt. rend. 1909, 149, 
1171). 

Kr>i)ton is a colourless, odourless, tasteless 
gas. It is only sliglitiy solulile in water, the 
i^sorption coefficient at O'", 0T095; 10°, 

170807; 20^ 0 0(520 : 30°. 0 0511 (Antrupoff, 
Zeitech. Elektrocliem. 1910, 25.# 200). One 
litre of the gas at X. T. P.^iveiglis 3'708 grams ; 
its density is therefore 41'.50() (C)==10) (Moore*, 


K0US50 or CUSSO, B.P. Tho dried panicleH ('hem. Sue. Trans. 1908, 93. 2181; Watson, 
of pistillate flowers of Brofjera a\ithchniniica iVurf. 1910, 97, 83.3). Ktj'pton boils af —151’7'' 
' (Konth.) v. Resins. , and melts at —109°'; its critical temperature 

KRAMEBIA ROOT c. Pehatanv ROOT. ‘ is - ()2 d'’. and the critical wfessEre is 64*3 
KRANTZITE* A variety of retipite (e. atmospheres. One cub. cm. oi liquid krj’pt-ou 
Rksiks). t- ’,at its boding-point weighs 2T55 grams; the 

KBEMS or KREMSER WHITE, CREMNITZ moIoculHr volume is 37 84 (Ramsay and Travers, 
WHITE, t». IlowiENTS. Prof. Roy. Soc. 1901, 67. 329). At N. T. P. 

KREOLIN. Tr*djg name for a proparaiion the refractive index of the gas for the grt‘en 
of crude carbolic acif ^aed as on antiseptic. moreii^’line(A~ 54(51)is 1'0004287 ((Juthl>cTt8on 
KRSOSAL, KRiiSOTOSAL, KRESALOL, ^and (Kithbcrtson, I^roc. Roy. Soo. 1908, 81, A. 
KYRO^iKVIN, 1’. SyJSthetic DRCfla. 440; 1910, 84, A. 13). (Por the viscosity of 

KfisMOL tt (Tvoiaovta, art, Ktsiiss. . kr^'ptonr'e. Rankine, ibid. 1910. 83, A. 516; 
KRESAMIRB. EfShylene dia-mine trloresol. ^lo^itn spevtrum, v. Baly, Phil. >ra^s. 1903, 202, 
KRBSAPOl^t KVwOUK. Preparations A. 183 ; Liveing and Dewar, lYoc. Roy. Soc. 
of erode carbolff^oid. Used as dismleotonts. ; 1901, (58, 389; Pago, Proc. Physical Soc. 1912, 
KRESATIM. in-OrcBol aoeteto. ' ?4. 13^) % 

• KRTOFINE* (?rado, name for pbAretidine- Krypton is <.;5inpletely inactive, no com* 
'.‘lilothyl'glyodlAte CH»C)CH|CONH*U,H,WjH-. pounds of the element ^ng The gas 



KYROFIN. 


7H 


in n^afbmjp. since the ratio of ite specific heats 
is (Ramsay and Tracers). . s 

KUMKUR, An .ar|rillacvou8 limcstono used 
in India for the preparation of mortar. It formy 
Ml ercoellent hydraolic' mbrtar (K. Nicholson, 
(%em. Ne wfl, 32,.82).- 

KOHZITE. A transparent, Violet, br lilac- 
oolourcd ▼ariety of the mineral spodumono 
LiAiSi|0| i^sed as a f^em-stone. It is 

fnunA ^th pink tourmaline in the ^em-mines oI 
San IHefiO Co., California, and in Madagascar, 

^ ^ L. J. K. 

KUPFBRNICmL rf Nicn/fm-iK., 

KUS-KUS R^. The rhizoSo wl 
pogon sqiiarro/iuji (Linn.), ajiiu*h plant nf the 
Graroineio, gr^inc-in Tiidia, ihc Philij>pi!ics. A-t.. 
and cultivattod in .iainaioa ; gives an ctlierciil oil. 
oUnm <f(Acr vctirrriir, used in perfume,rv. 

KOTEERA GUM c. CJt .ms. 

KYANISING- A pnices^ for phservmg 
timl>er. due to Kyan, of New York, in which 
a solution of mercuric clilornle is forced into the 
poros of the wood. 

KYANITE or CYANITE. (Fr. 

Aluminium ailifcaU* .AlyU^SiOj or AljSiOj, 
crystallised in the trieUme system. This com- 
j)Ound is trimorphous and exists also a.s the 
minerals andalusito and sillirnanito. KyaniU' 
and audalusitu are transformed at about 1300° 


u\tp siUimanito, which melts at 1816 ^ *KyMkito 
oooars as bun^ea of hladed crystals in nuoa* 
schist and gncies, and Is not an nnoommon 
minoral. There is a perfect ^Ittvage parallel to 
the flat of the blades^ and one Ices Mrfeet at 
the fiidce; whilst at ends there is a aUde>plano 
which gives rise to very charactenstio cross 
markings on the broad surface. The colour is 
UHually pule blue, hence the name, from 
blue. A remarkable feature is tho difference 
in hattiness (H. 4-7) on different faces and in^ 
different dircetiona on the same face. Sp^r. 3‘fl. 
The mineral iw not attacked by acids, nyanito 
is occasionally used os a goiu-stono. The best 
crystals come from Pitzo Forno, near Faido in 
Swit7crlan<l. L. J. < 

KYANOL. Range’s term for aniline. 

KYLINDRITE r. Cvi iNORtTK. 

KYNITE r. KxrnosiVKs. 

KYNURENIC ACID. An acid isolated ftpni 
the urine of the dog by Liebig. Probably identical 
with 4-hy<Iroxv-nuinolim'-2cnrboxylic acid 
(Homer), f/. Besthorn, Ikr. IWl, 54 fB|, 
1330. 

KYNURTN. Trade name for p-hydroxy- 
quinoline. 

KYROFIN. Trade name for a substituted 
imilido (;,H^O'C,H,-NirCOCH,OCH,. Used as 
an antipyretic. 


ofc TUB THiun volume. 
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